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1.0 INTRODUCTION

The New York Power Authority (NYPA) is evaluating the use of underwater steel
drums, or "hammers," as a means of deterring fish from entering cooling water intakes at
the Indian Point Nuclear Power Plants on the Hudson River near Peekskill, NY. The
hammers were supplied through contract by Ontario Hydro Inc., Toronto, ON.

In 1985 and again in 1988, BioSonics, Inc. was contracted to study fish behavior

in response to underwater sound sources near Indian Point Power Plants. The 1985
feasibility study was a contract with Consolidated Edison Co. of New York, to evaluate the
effectiveness of underwater compressed-air "poppers" in keeping fish away from Unit 2,
Intake 26. The 1988 feasibility study was contracted to BioSonics, Inc. by New York
Power Authority. The primary objective was to determine the effectiveness of hammers as
a means of deterring fish from approaching Intakes 34, 35 and 36 at Unit 3.

Hydroacoustics were selected as a tool for monitoring fish behavior and patterns of

movement near the intakes.

BioSonics employed fixed-location hydroacoustic techniques for both the 1985'and
1988 studies. Fixed-location hydroacoustic techniques are especially well-suited to
investigations of this type because they can obtain meaningful information on behavioral

activity, particularly short term changes in both activity and distribution. Additionally, by'
monitoring 24 hours/day, hydroacoustics could provide fish presence/absence and
abundance information, which was critical for determining the timing of hammer tests.

Initial equipment installation took place from January 9 to January 22, 1988.
Deployment configurations were changed several times during the study, however, in
efforts to provide optimal behavioral data for this feasibility study. Hydroacoustic data

collection occurred continuously from January 16 to February 22, 1988. Additional blocks
of data were collected between February 23 and March 4,1988.
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2.0 METHODS

2.1 Instrumentation

Two types of hydroacoustic data collection systems were used at Indian Point
Power Plant Unit 3 in 1988. The primary type was a single-beam system (Figure 1),
operated 24 hours/day. Data from the single-beam system were used to evaluate fish
behavior during hammer tests and to estimate fish abundance at the test site 24 hours/day.
The single-beam system uses transducers which transmit and receive on the same electronic
element. The detected fish data are recorded on paper charts or "echograms." In the echo
counting technique which can be used with single-beam systems, echograms provide the
basis for data interpretation, behavioral observations, and abundance estimates.

The secondary data collection technique used a dual-beam hydroacoustic system to
estimate fish sizes or "target strengths" at the study site. In this system, a dual-beam echo
sounder transmits on the narrow-beam element of a dual-beam transducer, and receives
echoes on both the narrow- and wide-beams of the transducer. The difference between the
return voltages on the narrow and wide elements provides information which can be used
to calculate target strengths.

Equipment used for this study included a dual-beam echo sounder (also used as a
single-beam sounder), two chart recorders, a multiplexer/equalizer, an oscilloscope, and
seven transducers. Four single-beam transducers and one dual-beam transducer were
deployed. Single-beam transducers included three with circular cross sections, and one
with an elliptical cross section. Two of the circular-beam transducers had beam angles of
150, and the other had a 60 beam angle. The 60 X 120 elliptical-beam transducer had a
120 beam angle on the x axis and a 6-degree beam angle on the y axis. The narrow and
wide beam angles of the dual-beam transducer were 60 and 150, respectively. With a wide
variety of beam angles, it was possible to sample in confined areas while maximizing
sampling volume at areas of interest The elliptical-beam transducer allowed horizontal
sampling 40 meters out into the river.

One of the 150 circular-beam transducers was principal in data collection during this
study. It was rigidly mounted about 0.5 m below mean low water level (MLW), at the
bottom of a relatively short, 25 ft vertical aluminum pole which was positioned immediately
in front of the trashrack in a 40-cm slot at Intake 35 (Figure 2). The transducer was aimed
obliquely down and out into the river, with the axis of the beam about 350 from vertical.
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This transducer monitored fish close to the intake, providing data on fish movement,

vertical distribution and abundance.

Another 150 circular-beam transducer was mounted at the same depth on a longer

30 ft aluminum pole, with an oblique aiming angle of 300 rather than 350. The 60 X 12°

elliptical-beam and 60 circular-beam transducers were suspended in mid-water from the

long pole mount (Figures 2 and 3). Both transducers were aimed horizontally into the

river. The 60 circular-beam transducer was attached to a rotator, which allowed

adjustments of aiming angle in the horizontal plane while the transducer was deployed. To

minimize interference from the river bottom and water surface, the elliptical transducer was

orientated with the narrow (60) axis in the vertical plane, and the wide (120) axis in the
horizontal plane. The primary purposes of these transducers were to monitor for any

patterns in fish abundance with respect to distance from the intake, and to collect directional

movement data in the inshore-offshore dimension.

Another mount configuration using the dual-beam transducer and the 60 X 120
/

elliptical-beam transducer is illustrated in Figure 4. This configuration was employed
toward the end of the study period, after 24-hour/day monitoring had ended. To be able to
compare target-strength data with length frequency tables, a dorsal aspect view of the target

fish is required. The dual-beam transducer was mounted at the catwalk 0.5 m below

MLW, and aimed vertically down in front of Intake 35. This transducer was later
relocated in front of Intake 36 with a similar orientation. Hammer tests were conducted

during target-strength data collection.

The 60 X 120 elliptical-beam transducer was mounted near the intake floor and
aimed horizontally into the river in front of Intake 36 with a range of 40 m (Figure 4).
Bottom interference was minimized by orientating the narrow axis of the transducer in the

vertical plane and the wide axis in the horizontal plane. This transducer's purpose was to

observe inshore and offshore fish movement near the river bottom.

All single- and dual-beam transducer mount configurations were evaluated during

and after the study. Data from four of these configurations were selected for analysis to

address the study objectives. Criteria used for selecting transducer mount configurations

and data for analysis are discussed in Sections 2.2 and 2.3, respectively.
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2.2 Data Collection

With the exception of several brief interruptions for maintenance or transducer
redeployment, data were collected continuously from January 16, 0000 h to February 22,
1600 h. Most of these data were collected using two transducers: the 150, obliquely aimed
circular-beam transducer mounted on the short pole; and the 6' X 120, horizontally aimed
elliptical-beam transducer. Because of excessive noise and solid target interference, the
150, obliquely aimed transducer mounted on the long pole was rarely sampled. Also,
minimal data were collected using the 60, circular-beam horizontal transducer with rotator
because of limited sample volume and ambiguous data interpretation. Additional blocks of
data were collected using the dual-beam transducer and the bottom-mounted 6° X 120
transducer from February 23 to March 4.

During continuous data collection, technicians monitored chart recorders for real-
time fish abundance information. When fish abundance reached an approximate threshold
level of 45-60 raw1 fish detections in 15 consecutive minutes, hammer tests were initiated.
This level of fish abundance was regarded as sufficient for evaluating fish avoidance
response to the hammers.

Generally, a testing period began with a control period lasting 10-15 minutes,
followed by a hammer test lasting several minutes, then another control period, another
hammer test, and so on. The hammer tests continued as long as fish abundance was
sufficient to warrant testing. Hammer testing periods lasted from about 20 minutes to
several hours.

During the individual hammer tests within a testing period, the frequency of
hammer firing was varied. For example, hammers were sometimes turned on and off in
1-minute intervals, or they may have been turned on for 10 seconds, and off for

20 seconds. The patterns of hammer on/off times, referred to as "treatments," were
recorded directly on the echograms, and in a logbook.

Preliminary observations were made from the echograms during and after data
collection. These observations allowed evaluation of various transducer deployments, and
provided information for the selection of subsets for further data analysis.

1 "Raw" fish detections are those that appear on the echograms and oscilloscope. They have not yet been
adjusted or "weighted" for transducer beam spmad according to the fish's distance from the tansducer.
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2.3 Data Analysi

Several periods of hammer test data were selected for analysis. The criteria for this
selection included: high or moderate fish densities; continuous data collection throughout
the hammer test period; and periods when hammer treatments were long enough to allow at
least 2 consecutive beats of one hammer while hammers were on.

There were two periods when very high fish densities occurred: the night of
January 26-27 from 2100 h to 0000 h; and the night of January 13 from 2000 h to 2300 h.
Both these periods were included in the hammer test analysis. Moderate and consistent fish
densities occurred during hammer testing on these dates: February 4 from 0100 h to
0400 h; February 18 from 0100 h to 2300 h; February 19 from 0000 to 1400 h; and
February 20 from 0000 h to 2200 h. These periods were also selected for hammer test
data analysis.

For all the hammer tests listed above, data were collected using the 150 circular-
beam transducer aimed obliquely from the short pole, and the mid-water 6° X 120 elliptical-
beam transducer aimed horizontally out into the river.

Additional hammer test data from periods of moderate fish density were selected for
analysis. These data were collected using the surface-mounted 60 element of the dual-beam
transducer aimed vertically downward and the bottom-mounted 60 X 120 elliptical
transducer aimed horizontally out across the bottom. These data analysis periods included:
February 23 from 1800 h to 2000 h, February 24 from 1300 h to 2200 h; February 25
from 0900 h to 2000 h; February 26 from 0800 h to 2300 h; February 27 from 0000 h to
1800 h; March 3 from 0300 h to 1800 h; and March 4 from 0300 h to 0500 h.

As mentioned above in Section 2.1, data were recorded by a chart recorder on
echograms. Traces on the echogramn were visually interpreted for fish, and the traces
grouped into four categories corresponding to distinct fish behaviors, illustrated in
Figure 5. The trace type categories were defined as follows:

LS: Long-to-Short range movement; a fish moving generally toward the
transducer.

SL: Short-to-Long range movement; a fish moving generally away from the
transducer.
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NC: No Change in range; a fish moving across the transducer beam

perpendicular to its axis, moving neither toward nor away from the

transducer.

WW: Wallower; a relatively stationary fish spending many seconds in the beam

without distinct directional movement. This often indicates a resident fish

which is not migrating through the study area.

The behavioral meaning of the trace depends on the specific deployment of the

transducer. For example, with the mid-water 60 X 120 elliptical-beam transducer aimed
horizontally into the river, LS traces describe fish moving inshore (toward the intake),
while SL traces are fish moving offshore. NC traces indicate movement in upstream or
downstream directions, across the transducer beam. When the 150 circular-beam
transducer aimed obliquely down into the intake was sampled, virtually all traces were LS.
This could indicate two types of movement; either inshore (toward the intake) or vertically
upward.

The interpretation of fish traces from the surface-mounted 60 element of the dual-
beam transducer aimed vertically downward is different than that for the two transducers
described above. At this transducer, which sampled immediately in front of the intake, LS
traces indicated movement toward the surface, while SL traces would indicate fish moving

toward the bottom. Traces with no change-in-range (NC) indicated no vertical movement,

but could be moving horizontally in any direction.

To account for the spreading sampling volume at increasing ranges from the

transducer, fish numbers were weighted according to distance (range) from the transducer.
A transducer's maximum range was divided into range bins or strata, with numbers and

sizes of strata specific to each transducer. For the 150 obliquely aimed transducer, there

were four strata of 2 m each; for the 6* X 120 elliptical-beam horizontal transducer, there

were five to eight strata of 5 m each; and for the surface-mounted 60 circular-beam
transducer aimed vertically downward, there were seven strata of I m each. The number of

raw fish detections within each stratum was multiplied by a constant stratum "weighting

factor," unique to that particular stratum. This weighting factor represented the proportion

of the width of the intake to the width of the beam at the stratum being analyzed, with

stratum width measured at the stratum's midpoint range. Thus, as the sampling volume

increased with range from the transducer, the numerator of the weighting factor became

larger and the weighting decreased.
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Fish detections in the first 1.3 m from the transducer were not processed due to

over amplification of detections in this range. Ranges listed in the tables begin from this

"blanking" range (1.3 m from the transducers).

To evaluate the effectiveness of the hammers, each hammer test was divided into a

"before", "during", and "after" phase. Each test was normally from five to ten minutes in

duration. When hammer tests were contiguous, only the during and after phases were

analyzed. To evaluate each hammer test a chi-square test was performed. The chi-square

distribution is a probability density function in which the null-hypothesis would assume an

even distribution throughout a hammer test. That is, in evaluating a relatively short time

period consisting of 15-30 minutes, the fish densities would be expected to be evenly

distributed between the before, during and after phases of a hammer test if hammer

operations had no effect on fish behavior. When there were three phases for a particular

hammer test, an expected frequency of 33.33% was assumed for each phase and range bin.

When only two phases occurred, a 50.00% expected frequency was assumed.
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3.0 RESULTS

During the first part of the study, hammer tests were monitored by only one

transducer at a time. The 60 X 120 transducer was selected as the main monitoring

transducer to observe inshore movement of fish schools. The 150 circular-beam transducer

aimed obliquely downward monitored fish movement close to the intakes.

During the high fish densities observed on the night of January 26-27, a total of

seven hammer tests were performed. Six of these tests were monitored by the 60 X 120

horizontally-aimed elliptical-beam transducer, and only one test by the 150 circular-beam

transducer aimed obliquely downward (Table 1, Appendices C and D). Echogram traces

from the 60 X 120 transducer showed a dense band of fish within the first three range bins

(0-15 m, see Figure 6). The trace type analysis (Section 2.3) for the 60 X 120 transducer

showed that these fish schools maintained a constant distance approximately 5-i5 m from

the intake. The 150 transducer, however, showed an overall movement toward the intake

(Figure 7). The trace types observed from both monitoring locations failed to show any

noticeable effect from hammer operations.

In six of the seven tests, fish densities were significantly different from the

expected frequencies, with three of these tests having the highest fish densities in the after

phase. These results may have been due to natural fluctuations in fish densities during

hammer testing periods rather than any effect by hammer operations. Evaluating the

hammer tests by range bins did not show any apparent effect on fish densities with respect

to the hammers being on or off (Figures 8-14).

Similar results were observed when high fish densities occurred again on the night

of February 13, when a total of ten tests were conducted (Table 2, Appendices C and D).

These hammer tests were monitored by both the 150 circular-beam transducer aimed

obliquely downward, and by the 60 X 120 elliptical-beam transducer aimed horizontally into

the river. For the 15° transducer, five of the ten tests showed fish densities which were

significantly different from expected frequencies. Highest fish densities were present in

four of the five tests in the "after" phase, and only one in the "during" phase. For the

60 X 120 transducer, five of the ten tests were significant with three of the five tests having

the highest densities in the "during" phase, one in the "before" phase, and one in the "after"

phase. Again, no apparent effect of hammer operation on fish densities by range bin was

observed (Figures 15-34).
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Other periods during the season when fish densities were high enough to warrant

hammer testing occurred on February 4, 18, 19, and 20 (Tables 3-6, Appendices C and D).

These tests were monitored by both the 150 oblique transducer and the 60 X 120 elliptical

transducer. A total of 50 hammer tests were conducted during these days.

For the 150 oblique transducer, 23 of the 50 tests showed fish densities which were

significantly different from the expected frequencies. The highest densities were present in

17 of the 23 tests in the "during" phase, 5 were highest in the "after" phase, and only

1 showed highest densities in the "before" phase. Eight of the 17 tests in which the

highest densities were observed in the "during" phases occurred on February 18.

For the 60 X 120 horizontal transducer, only 7 of the 50 tests showed fish densities

which were significantly different from the expected frequencies. Of those seven tests, six

showed highest densities in the "during" phase, and only one in the "after" phase.

Directional data (i.e. from the fish trace type analysis) for all 50 tests indicated that

inshore movement predominated during all test phases. Of the 50 hammer tests, there were

only 5 when the 150 oblique and the 60 X 120 horizontal transducers had significantly

different test phase numbers for the same hammer test. It is not surprising that the results

from the two transducers would be different for the same test, since they effectively

sampled different zones near the intake. The maximum sampling volume of the

150 obliquely-aimed transducer was located at the river bottom, very close to the intake. In
contrast, the 60 X 120 elliptical-beam transducer was mounted at mid-water depth and

aimed horizontally into the river. Its maximum sampling zone was mid-water, at ranges of

up to 40 m from the intake. If the effect of the hammers was only at close range (see
Appendix G), it is unlikely that the 6' X 120 elliptical-beam transducer would have been

able to monitor this response.

Any observed increase in fish density for the "during" phase of the hammer tests
might be explained if there was a response from bottom-oriented fish located directly in

front of the intakes. With the 150 oblique transducer aimed 350 off the vertical face of the

intake, a 3.5-m area directly in front of the intake was not within the transducer's sampling

volume. An increase in fish numbers in the "during" phase of a hammer test would occur

if a reaction by bottom-oriented fish resulted in an upward swimming movement. Fish

would then enter the beam of the transducer. This type of behavior was observed using a
60 narrow element of a dual-beam transducer aimed vertically downward. This transducer

configuration was only in effect during the latter part of the study season, during collection

9



of target strength data at Intakes 35 and 36. See Appendix B for a discussion of target
strength analysis and results.

Table 7, Appendix E shows data from the hammer tests at Intake 35, which
occurred from February 23 to February 27. These data were collected using the 60 element
of the 60 X 150 dual-beam transducer aimed vertically downward in front of Intake 35. A
total of 36 hammer tests were conducted. Of these, 21 showed significant differences
between test phases, with 16 tests showing the highest fish densities for the "during"
phase, 2 Were highest in the "after" phase, and 2 highest in the "before" phase. Of the 16

tests with highest densities for the "during" phase, 13 had a significant increase in LS fish
traces. At this transducer configuration, a LS trace type would indicate the fish swimming
upward toward the surface.

On March 3 and 4, Intake 36 was sampled using the same 60 element of the dual-
beam transducer mounted at the surface and aimed vertically downward. The 60 X 120
elliptical-beamtransducer was also deployed at Intake 36, mounted near the bottom and
aimed horizontally out across the river bottom. These two transducers simultaneously
monitored all hammer tests conducted at Intake 36.

On these two days, a total of 23 hammer tests were conducted (Tables 8 and 9,
Appendices E and F). For data collected using the 60 vertical transducer, a total of seven
tests showed fish densities which were significantly different from expected frequencies.
Six of these tests showed an increase in fish density for the "during" phase and one
showed an increase in the "before" phase. The 60 X 120 horizontal elliptical-beam
transducer showed a total of ten hammer, tests with fish densities significantly different
from expected. Of the ten tests, nine showed an increase for the "during" phase and one
for the "after" phase.

Of the 23 hammer tests conducted on March 3 and 4, there were only 4 tests when
the surface-mounted 60 vertical and the bottom-mounted 60 X 120 horizontal transducers
showed significantly different fish densities between test phases for the same hammer tests.
All four of these tests had higher fish densities in the "during" phase.

Results obtained from the hammer tests conducted on 'March 3 and 4 show that
there may be less of a response to hammer operations at Intake 36 compared to Intake 35.
An explanation for this may be that of the three intakes (34, 35, and 36), Intake 36 was
furthest upstream and flow rates into this intake appeared to be greater than at Intake 35.

10
I



Fish located in front of this intake would be in the faster moving water and may not be able

to maintain a stationary position for any long period of time. Th is behavior was evidenced

by a majority of LS traces observed at Intake 36. Hammer operations at this location did

not seem to have an effect on fish entrained within this faster flow.

Fish located in front of Intake 35 would be in the quieter w ater zone and would be

able to maintain relatively stationary positions. This is supported by a majority of NC
traces observed at this location. When hammers were operating at Intake 35, the observed
trace types changed from the noted NC traces to LS traces, indicating an upward movement

response to the hammers.
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4.0 CONCLUSIONS AND RECOMMENDATIONS

1. The hammers used in this study did not appear to be an effective means of
influencing fish movement at distances of 2 m or more from the intakes during

heavy and moderate fish densities.

2. Hammer effectiveness may be dependent on intake flow patterns and velocities.

3. Bottom-oriented fish close to the intakes may respond to hammer operation by

swimming upward several feet off the bottom.

4. The underwater hammers used in this study were tested in the lab previous to the

field season. However, in-season sound spectra testing indicated that the hammers

emitted different sound frequencies in situ than in the lab. We recommend
extensive in situ testing of alternative underwater sound sources before selecting

equipment for permanent installation at Indian Point Unit 3.

5. Studies of fish abundance and distribution at Indian Point Power Plants must take
into consideration the variability of fish densities over 24-h periods and with tidal
fluctuations (see Appendix A).
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4) Transducers

1. BloSonics, Inc. Model 101 Echo Sounder
2. BioSonics, Inc. Model 151 MultiplexerlEqualizer
3. BioSonics, Inc. Model 115 Chart Recorder
4. BloSonics, Inc. 420 kHz transducers
5. Hitachi, Inc. Model V-422 oscilloscope
6. Recording system Included:

Sony Betamax recorder SL-2000
Sony Digitizer PCM-F1
BioSonics, Inc. Model 171 Recorder Interface

Figure 1. A block diagram of the dam collection system used at Indian Point Power Plant
Unit 3, Intakes 35 and 36, from January. 16 to March 4, 1988. The specifications of this
equipment can be obtained from BioSonics, Inc. I
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Figure 2. A front view of the short and long pole mounts deployed in front of the trash
rack at Unit 3, Intake 35. The solid-line cones are the 150 oblique transducers, the dashed
lines indicate the horizontal mid-water 6*x 120 elliptical transducer and the 60 transducer with
rotator, with the area sampled at a range of 15 m. Small circles indicate approximate
location of hammers, for Intakes 34, 35, and 36. Hammer numbers are designated by the
respective channel number on the hammer control box.
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Figure 3. This side-view diagram shows the deployment of the long pole mounted
transducers. The cones represent the "acoustic beams" of the transducers. The solid-line
cone is the 150 oblique transducer, the dashed lines are the horizontal mid-water 60x120

elliptical transducer and the 60 transducer connected to a rotator. Squares indicate
approximate location of hammers, at -9 ft and -15 ft. MLW.
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,•. 6"Xl 2*

60

Figure 4. This side-view diagram shows the post-season deployment of the transducers
used at Intakes 35 and 36. The solid cone represents the 60 vertical transducer, and the
dashed line is the horizontal bottom 60x120 elliptical transducer. Squares indicate the
approximate location of hammers.

18



transoucer

NC flli

SL Iii

LS
•.. "w'w".' . fIIhIIIIII!IIIfI

-- paper movement

Figure 5. Fish behavior in the acoustic beam of a transducer (left) results in distinct
traces on the chart recorder, or echogram (right). The change in range on the echogram
traces indicates changing distance of the fish from the transducer. Arrows indicate the path
of a fish through the acoustic beam. Dots along the anows indicate successive
ensonifications, or "pings", each leaving a mark on the echogram.
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Figure 6a. Photocopy of an echogram showing fish traces during high fish densities
sampled with the 6 x122 elliptical horizontal transducer at 2135 h on January 26, 1988.
The grid lines are set at 5 m intervals.
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Figure 6b. Photocopy of an echogram showing fish traces during high fish densities
sampled with the 60x 120 elliptical horizontal transducer at 2140 h on January 26, 1988.
The grid lines are set at 5 mn intervals.
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Figure 6c. Photocopy of an echogramn showing fish traces during high fish densities
sampled with the 60x 12 elliptical horizontal transducer at 2145 h on January 26, 1988.
The grid lines are set at 5 m, intervals.
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Figure 6d. Photocopy of an echogram showing fish traces during high fish densities
sampled with the 6*x120 elliptical horizontal transducer at 2150 h on January 26, 1988.
The grid lines are set at 5 m intervals.
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Figure 7a. Photocopy of echogram showing fish traces during high fish densities with
the 150 conical oblique tansducer at 0005 h on January 27, 1988. The grid lines are set at
2 mn intervals.
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Figure 7b. Photocopy of echogram showing fish traces during high fish densities with
the 15° conical oblique transducer at 0010 h on January 27, 1988. The grid lines are set at
2 m intervals.
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Figure 7c. Photocopy of echogram showing fish traces during high fish densities with
the 150 conical oblique transducer at 0015 h on January 27, 1988. The grid lines are set at
2 m intervals.
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Figure 7d. Photocopy of echogram showing fish traces during high fish densities with
the 150 conical oblique transducer at 0020 h on January 27, 1988. The grid lines are set at
2 m intervals.
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Figure 7e. Photocopy of echogram showing fish traces during high fish densities with
the 150 conical oblique transducer at 0025 h on January 27, 1988. The grid lines are set at
2 m intervals.
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Figure 7f. Photocopy of echogram showing fish traces during high fish densities with
the 150 conical oblique transducer at 0035 h on January 27, 1988. The grid lines are set at
2 m intervals.
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Figure 8. Fish density data from the mid-water 60x 120 horizontal transducer at Intake 35
for the January 26, 2135 h hammer test Figure A shows the number of weighted fish for
each test phase, and figure B shows the number of weighted fish for each range bin.
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for the January 26, 2155 h hammer test. Figure A shows the number of weighted fish for
each test phase, and figure B shows the number of weighted fish for each range bin.
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Figure 10. Fish density data from the mid-water 6*x12* horizontal transducer at Intake
35 for the January 26, 2220 h hammer test. Figure A shows the number of weighted fish
for each test phase, and figure B shows the number of weighted fish for each range bin.

32



2.4

2.4-

2.2-

2-
2

1 1 0.8

0.4

1

0.8

0.4

0.1

0.5- • .

0.18 " '

0-5 5-1o 10o-15 1 3-20 20-25 2-30 30-35 35-40
B- DURINGAr

Figure 11. Fish density data from the mid-water 6*x12° horizontal transducer at Intake
35 for the January 26, 2245 'h hammer test. Figure A shows the number of weighted fish
for each test phase, and figure B shows the number of weighted fish for each range bin.
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Figure 12. Fish density data from the mid-water 60 x 120 horizontal transducer at Intake
35 for the January 26,2305 h hammer test. Figure A shows the number of weighted fish
for each test phase, and figure B shows the number of weighted fish for each range bin. '
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Figure 13. Fish density data from the mid-water 60x 120 horizontal transducer at Intake
35 for the January 26, 2320 h hammer test. Figure A shows the number of weighted fish
for each test phase, and figure B shows the number of weighted fish for each range bin.
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Figure 14. Fish density data from the 150 oblique transducer at Intake 35 for the
January 26, 0005 h hammer test. Figure A shows the number of weighted fish for each
test phase, and figure B shows the number of weighted fish for each range bin.
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Figure 15. Fish density data from the 150 oblique transducer at Intake 35 for the
February 13, 1047 h hammer test. Figure A shows the number of weighted fish for each
test phase, and figure B shows the number of weighted fish for each range bin.
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Figure 16. Fish density data from the mid-water 6*x120 horizontal transducer at Intake
35 for the February 13, 1047 h hammer test. Figure A shows the number of weighted fish
for each test phase, and figure B shows the number of weighted fish for each range bin.
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Figure 17. Fish density dama from the 15* oblique transducer a: Intake 35 for the
February 13 1107 h hammer test. Figure A shows the number of weighted fish for each
test phase, and figure B shows the number of weighted fish for each range bin.
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Figure 18. Fish density data from the mid-water 6*x12° horizontal transducer at Intake
35 for the February 13, 1107 h hammer test. Figure A shows the number of weighted fish
for each test phase, and figure B shows the number of weighted fish for each range bin.
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Figure 19. Fish density data from the 15* oblique transducer at Intake 35 for the
February 13, 1127 h hammer test. Figure A shows the number of weighted fish for each
test phase, and figure B shows the number of weighted fish for each range bin.
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Figure 20. Fish density data from the mid-water 60x12* horizontal transducer at Intake
35 for the February 13, 1127 h hammer test. Figure A shows the number of weighted fish
for each test phase, and figure B shows the number of weighted fish for each range bin.
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Figure 21. Fish density data from the 150 oblique transducer at Intake 35 for the
February 13, 1147 h hammer test. Figure A shows the number of weighted fish for each
test phase, and figure B shows the number of weighted fish for each range bin.

43



a

hi

I

1.3

1.2

1.1

0.9

0.6

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0
DURING AFTER

IEST PHASEA

480 -- I.-

400

Ia.

0

3•0

MOO

200

150

100

0
0-2

B
2-4

C= DURfING

4-s
meG SIN CM_ AFTER

6-8

Figure 23. Fish density data from the 15* oblique transducer at Intake 35 for the
February 13, 1207 h hammer tesL Figure A shows the number of weighted fish for each
test phase, and figure B shows the number of weighted fish for each range bin.
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Figure 22. Fish density data from the mid-water 60 x120 horizontal transducer at Intake
35 for the February 13, 1147 h hammer test Figure A shows the number of weighted fish
for each test phase, and figure B shows the number of weighted fish for each range bin.
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Figure 24. Fish density data from the mid-water 60 x12° horizontal transducer at Intake
35 for the February 13, 1207 h hammer test. Figure A shows the number of weighted fish
for each test phase, and figure B shows the number of weighted fish for each range bin.
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Figure 25. Fish density data from the 150 oblique transducer at Intake 35 for the
February 13, 1227 h hammer test. Figure A shows the number of weighted fish for each
test phase, and figure B shows the number of weighted fish for each range bin.
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Figure 26. Fish density data from the mid-water 6*x120 horizontal transducer at Intake35 for the February 13, 1227 h hammer test. Figure A shows the number of weighted fishfor each test phase, and figure B shows the number of weighted fish for each range bin.
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Figure 27. Fish density data from the 15* oblique transducer at Intake 35 for the
February 13, 1247 h hammer test. Figure A shows the number of weighted fish for each
test phase, and figure B shows the number of weighted fish for each range bin.
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Figure 28. Fish density data from the mid-water 6*x12* horizontal transducer at Intake35 for the February 13, 1247 h hammer test. Figure A shows the number of weighted fishfor each test phase, and figure B shows the number of weighted fish for each range bin.
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Figure 29. Fish density data from the 15* oblique transducer at Intake 35 for the
February 13 1307 h hammer test., Figure A shows the number of weighted fish for each
test phase, and figure B shows the number of weighted fish for each range bin.
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Figure 30. Fish density data from the mid-water 6*x120 horizontal transducer at Intake
35 for the February 13, 1307 h hammer test. Figure A shows the number of weighted fish
for each test phase, and figure B shows the number of weighted fish for each range bin.

52



U'
II.

ii
I

1.3

1.2

1.1

1

0.9

0,8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0
BEFORE DURING AFTER

TEST PHASEA

i0
I..

I
I

z00

400

300

200

100

0

B
0-2 2-4 4-6 6-8

BEOR DURIN AFTER

Figure 31. Fish density data from the 150 oblique transducer at Intake 35 for the
February 13, 2330 h hammer test. Figure A shows the number of weighted fish for each
test phase, and figure B shows the number of weighted fish for each range bin.
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Figure 32. Fish density data from the mid-water 60xi20 horizontal transducer at Intake
35 for the February 13, 2330 h hammer test. Figure A shows the number of weighted fish
for-each test phase, and figure B shows the number of weighted fish for each range bin.
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Figure 33. Fish density data from the 15* oblique transducer at Intake 35 for the
February 13, 2350 h hammer test. Figure A shows the number of weighted fish for each
test phase, and figure B shows the number of weighted fish for each range bin.
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Figure 33. Fish density data from the 150 oblique transducer at Intake 35 for the
February 13, 2350 h hammer test. Figure A shows the number of weighted fish for each
test phase, and figure B shows the number of weighted fish for each range bin.
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Figure 34. Fish density dam from the mid-water 60x121 horizontal transducer at Intake
35 for the February 13,2350 h hammer test. Figure A shows the number of weighted fish
for each- test phase, and figure B shows the number of weighted fish for each range bin.
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Table 1. Hammer test monitoring in front of Unit 3, Intake 35, using a 150 oblique transducer and a 60 x 120
horizontal transducer on January 26 and 27. Indian Point, 1988.

Range Bins3 (meters)
Time of

Test Hammoa1

2135 1,2.3

2155 1,2,3

2220 2

2245 2

2305 2

2320 1.2,3

0005 1.2.3

Test Phase 3  150
Treatnent2 1M A= 02 2-4 4-6

V':I' A

10": 20" A

10": 20" D

10": 20" D

5": 10" B

10": 20" N

10": 20" A A N N A

6* x 120
0-5 5-10 10-15 15-20 20-25 25-30 30-35 35-40

A

N

N

N

B

N

A

D

D

N

D

N

D

D

B

D

N

D

N

N

N

N

N

N

N

N N

N N

N N

N N

- N

N

N

N

N

lHammers that were on for test, referred to by control box channel number.

2 Amount of time that hammers were on and off during the test. Ex 1':I' = I minute on, 1 minute off; 10": 20" = 10 seconds on,
20 seconds off; cont. = continously on.

3 Hammer tests and range bins with statistically significant differences (ct=.05) in weighted fish numbers between test phases from
expected frequencies. Phase with highest numbers noted as: B=.Before, D=During, A=After,.N=No significant difference between
phases. Dashed line indicates no traces.
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Table 2. Hammer test monitoring in front of Unit 3, Intake 35, using a 150 oblique transducer and a 6* x 120
horizontal transducer on February 13. Indian Point, 1988.

Time of
_.TM~g HAMCM Treatmen

Test Phase 3

l• Vol=

Range BinS3 (meters)
156 x 120

0-2 2-4 4-6 6-8 0-5 5-10 10-15 15-20 20-25 25-30 30-35 35-40

1047

1107

1127

1147

1207

1227

1247

1307

2330

2350

3,5

3,5

3,5

3, 5

3,5

3, 5

3,5

3,5

3,5

3,5

10": 20"

10": 30"

10": 40"

20": 20"

20": 30"

20": 40"

30": 20"

.30": 20"

10": 20"

10": 30"

N

A

N

A

N

N

N

N

A

D

A

D

N

B

N

N

B

N

D

N

A

A

D B

N N

N

N

A

A

A

A

A

A

N

N N N N N

N A N A D N N N

D N N N - N

N A

N N

N

D

D N B N N

lHamnmers that were on for test, referred to by control box channel number.

2 Amount of time that hammers were on and off during the test. Ex V':I' = I minute on, I minute off; 10": 20" = 10 seconds on,
20 seconds off; cont. = continously on.

3Hfammer tests and range bins with statistically significant differences (a=.05) in weighted fish numbers between test phases from
expected frequencies. Phase with highest numbers noted as: B=Before, DffDuring, A=After, N=No significant difference between
phases. Dashed line indicates no traces.
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Table 3. Hammer test monitoring in front of Unit 3, Intake 35, using a 150 oblique transducer and a 60 x 120
horizontal transducer on February 4. Indian Point, 1988.

Time of
TeSt Hammuwrs Tnrnme

Test Phase?
1 l•=2•

Range Bins3 (meters)
150 61 5 x 1230-2_2-4 .. f_(m.L-_ 0.-5 5-40. 10--15 15-20 20-25 25-30 30-35 35-.40

0100

0140

0200

0220

0240

0300

0320

0340

0400

0420

5

5

5

5

5

5

5

5

5

5

10": 20"

10": 20"

10": 30"

10": 40"

20": 20"

20": 30"

20": 40"

30": 20"

30": 30W

30": 40"

D

N

N

N

N

N

N

D

A

N

A

D

N

N

N

N

N

N

N

N

A D D N A A N

D A N

N

N

D

N

N

N

N

N

N

N

-D D

A A N

N

A

1 Hammers that were on for test, referred to by control box channel number.

2 Amount of time that hammers were on and off during the teSL Ex 1':1' = 1 minute on, I minute off, 10": 20" = 10 seconds on,
20 seconds off; cont. = continously on.

3 Hammer tests and range bins with statistically significant differences (ct=.05) in weighted fish numbers between test phases from
expected frequencies. Phase with highest numbers noted as: B=Before, D=During, A=After, N=No significant difference between
phases. Dashed line indicates no traces. (
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Table 4. Hammer test monitoring in front of Unit 3, Intake 35, using a 150 oblique transducerand a 60 x 120
horizontal transducer on February 18. Indian Point, 1988.

Range Bins3 (meters)
Time of TestPhase3  150 60 x 120

Test Hammer1 TI 2 15 a 0-2 2-4=4-6 6-8 0-5 5-10 10-15 15-20 20-25 25-30 30-35 35-40

0153

0215

0235

0255

0315

1155

1215

1235

1620

1640

1700

2045

2115

2225

2245

2305

2345

1.2,3

1,2,3

1,2,3

1,2,3

1,2,3

1,2.3

1,2,3

1,2,3

3,5

3,5

3,5

3,5

3,5

3,5

3,5

3,5

3,5

10": 20"

10": 10"

10": 40"

20": 20"

20": 30"

20": 40"

30": 20"

30": 30"

10": 30"

10": 30"

I0": 40"

.10": 20"

10": 30"

10": 20"

10": 30"

10": 40"

20": 20"

B

N

A

N

N

A

N

D

D

N

D

N

N

D

N

A

N

D B

-A A

B

A

N N D N N N N N

- A A N

D -N

D=A- B N

B D N A

A-A N N -D N - N N

t Hammers that were on for test, referred to by control box channel number.

2Amount of time that hammers were on and off during the test. Ex 1':I' = I minute on, I minute off; 10": 20" = 10 seconds on,
20 seconds off; cont. = continously on.

31Hammer tests and range bins with statistically significant differences (a=.05) in weighted fish numbers between test phases from
expected frequencies. Phase with highest numbers noted as: B-Before, D=During, A=After, N=No significant difference between
phases. Dashed line indicates no traces.
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Table 5. Hammer test monitoring in front of Unit 3, Intake 35, using a 150 oblique tansducer and a 60 x 120
horizontal transducer on February 19. Indian Point, 1988.

Test Phase3 I5
Range Bins3 (meters)

Time ofTest Hammers Tretent
A* v 110

0035

0125

0335

0355

0415

0435

1235

1255

1315

1335

1355

1415

1,2,3

1,2,3

1, 2, 3

1,2,3

1,2,3

1,2,3

1,2, 3

1,2,3

1.2,3

1,2,3

1,2,3

1,2,3

20": 30"

30": 20"

30": 30"

30": 40"

30": 20"

30": 30"

10": 20"

10": 30"

10": 40"

20": 20"

20": 30"

20": 40"

D D

BffD N

N N

D N

N N

D N

D N

N N

D N

D D

D N

N -N

0-2 2-4 4-6 &-8

-=N D N

B-D N'D N

D D A

0-5 5-10 '10-15 15-20 20-25 25-30 30-35 35-40

N N N N N N N

D

-N

-N

D N

N

N

N

D

N

N

N

N

N

D

N

D D N N N N N N

1Hammers that were on for test, referred to by control box channel number.
2Amount of time that hammers were on and off during the test. Ex 1':1' = 1 minute on, 1 minute off; 10": 20" = 10 seconds on,
20 seconds off; cont. = continously on.

3Hamnmer tests and range bins with statistically significant differences (6-=.05) in weighted fish numbers between test phases from
expected frequencies. Phase with highest numbers noted as: B=Before, D=During, AfAfter, N=No significant difference between
phases. Dashed line indicates no traces.
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Table 6. Hammer test monitoring in front of Unit 3, Intake 35, using a 150 oblique transducer and a 60 x 120
,horizontal transducer on February 20. Indian Point, 1988.

Range Bins3 (meters)
Time of Test Phase 3  150 6* x 120

Test Hmmers1 Treatmen2 1 12 2-4 4-66- 0-5 5-10 10-15 15-20 20-25 25-30 30-35 3.5-4

0015

0035

0055

0445

0505

0525

20": 30"

20": 40"

20": 20"

30": 30"

30": 40"

40": 20"

N

D

N

A

N

N

N

N

N

D

N

N

-D N D

- A A A N A D N N N N N

0545 3 40": 30" D N D N N N

0605 3 40": 40" N N

2155 3 10": 20" N N

2235 3 10": 40" N N

2255 3 10": 20" D N - D N N

1Hammers that were on for test, referred to by control box channel number.

2 Amount of time that hammers were on and off during the test. Ex 1':1' = 1 minute on, 1 minute off; 10": 20" = 10,seconds on,
20 seconds off; cont. = continously on.

3 Hammer tests and range bins with statistically significant differences (a=.05) in weighted fish numbers between test phases from
expected frequencies. Phase with highest numbers noted as: B=Before, D=During, A=After, N=No significant difference between
phases. Dashed line indicates no traces.
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Table 7. Hammer test monitoring in front of Unit 3, Intake 35, using aV6 vertical transducer on
February 23, 24, 25, 26, and 27. Indian Point, 1988.

DO MM Hammers Tinmen TetP LS.4
Range Bins3 (meters)

0-1 1-2 2-3 3-4 4-5 5-.6 6-7

2/23

2/23

2/23

2/24

2/24

2/24

2/24

2/24

2/25

2125

2/25

2/26

2/26

2/26

2/26

2/26

2126

2/26

1822

1941

2015

1330

1358

1419

1957

2244

0954

1215

2026

0806

0814

0828

0849

0924

1007

1027

1,3

1,3

1,3

1,3

1,3

1,3

1, 3, 5

1,3, 5

1,3,5

1,3,5

1,3,5

1,3,5

1, 3, 5

1, 3

i,3, 5

1,3,5

5

1,3

CONT.

CONT.

CONT.

CONT.

CONT.

CONT.

CONT.

CONT.

CONT.

CONT.

CONT.

CONT.

CONT.

CONT.

CONT.

CONT.

CONT.

CONT.

N

N

N

N

D

D

N

D

D

D

D

N

D

N

N

B

D

- - - N
N

D

D

N

N

N

- - - D D

- -- N
- - D

N D N

S - D

N N N

N

D N

A - D

D N

B

N

B=D

N

1Hammers that were on for test, referred to by control box channel number.

2 Amount of time that hammers were on and off during the test. Ex 1':1 = 1 minute on, 1 minute off; 10": 20" = 10 seconds on,
20 seconds off; cont. = continously on.

3Hammer tests and range bins with statistically significant differences (ca=.05) in weighted fish numbers between test phases- from
expected frequencies. Phase with highest numbers noted as: B=Before, D=-During, A=After, N=No significant difference between
phases. Dashed line indicates no naxes.

4 Testphase with statistically significant difference in weighted Long to Short trace types between test phases from expected
frequencies. Test phase with highest LS trace types noted as in footnote 3.
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Table 7, cont.

Dae In I-ammers Teatenn2 Testh
Range Bins3 (meters)

L14 0-1 1-2 2-3 3-4 4-5 5-6 6-7

2/26 1047 1,3,5

2/26 1348 1, 3, 5

2/26 1800 1,3,5

2126 2040 5

2/26 2100 1,3,5

2/26 2123 1,3

2/26 2140 5

2/26 2200 1,3,5

2/26 2220 1,3

2/26 2240 5

2/26 2300 1,3,5

2/26 2320 1,3,5

2/26 2342 1, 3, 5

2/27 0002 1,3,5

2/27 1750 1,3,5

2/27 1810 1,3,5

2/27 1830 1, 3, 5

2/27 1850 1, 3

CONT.

CONT.

CONT.

CONT.

CONT.

CONT.

CONT.

CONT.

CONT.

CONT.

CONT.

CONT.

CONT.

CONT.

CONT.

CONT.

CONT.

CONT.

N

B=D

B=;A

N

N

N

D

D

A

A

D

D

D

D

D

N

D

N

-- D N N B B

-- B=A N N N

D - D D N N

- D N N N N N

A - N N A N

. . . . N N N

- - D D N N

- - N D N N

- - N D N N

D - N N D N N

- N D D B N

D D - N D D N N

'Hammers that were on for test, referred to by control box channel number.

2 Amount of time that hammers were on and off during the test. Ex 1':l' = I minute on, I minute off; 10": 20" = 10 seconds on,
20 seconds off; cont. = continously on.

3 Hammer tests and range bins with statistically significant differences (c,-z.05) in weighted fish numbers between test phases from
expected frequencies. Phase with highest numbers noted as: B=Before, D=During, A=After, N=No significant difference between
phases. Dashed line indicates no traces.

4 Test phase with statistically significant difference is weighted Long to Short trace types between test phases from expected
frequencies. Test phase with highest LS trace types noted as in footnote 3.
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Table 8. Hammer test monitoring in front of Unit 3, Intake 36, using a 60 oblique transducer and the bottom
oriented 60 x 120 horizontal transducer on March 3. Indian Point, 1988.

Range Bins3 (meters)
Time of Test Phase3

60 x 12I
Test Hmmrsl. T6tmz(L fL. j12= L. 4 0-I 1-2 2-3 3-4 4-5 5-6 6-7 0-5 5-10 10-15 15-20 20-25

N D N N N0320

0340

0350

0400

0410

0420

0440

0450

1600

1620

1643

1700

1720

1740

1800

1,3

1,3

1. 3

1,3

1, 3

1,3

1.3,5

1,3,5

1.3,5

1.3,5

,3, 5

1,3.5

1,3,5

1,3,5

1,3,5

10": 20"

CONT.

CONT.

10": 20"

10": 20"

CONT.

10": 20"

10": 20"

CONT.

CONT.

CONT.

CONT.

10": 20"

10": 20"

CONT.

N

N

N

D

D

N

D

N

B=D

N

N

N

N

N

N

D

N

N

N

N

D

N

N

D

N

D

N

N

N

N

D

D

D D

- D

D

N

D

D

N

N

N

A

N

N

D D N N N

D D D N N N N N

D D D B N D- D D D=A D N

D N N N

1Hammers that were on for test, referred to by control box channel number.

2 Amount of time that hammers were on and off during the test. Ex 1':1' = 1 minute on, I minute off; 10': 20" = 10 seconds on,
20 seconds off; cont. = continously on.

3Hammer tests and range bins with statistically significant differences (ot=.05) in weighted fish numbers between test phases from
expected frequencies. Phase with highest numbers noted as: B=Before, D=During, A=After, N=No significant difference between
phases. Dashed line indicates no traces.

4 Test phase with statistically significant difference in weighted Long to Short trace types between test phases from expected
frequencies. Test phase with highest LS trace types noted as in footnote 3.
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Table 9. Hammer test monitoring in front of Unit 3, Intake 36, using a 60 vertical transducer and the bottom
oriented 60 x 120 horizontal transducer on March 4. Indian Point, 1988.

Time of

0330 1, 3

0350 1, 3

0410 1,3

0430 3

0450 3

0510 3

0530 3

0550 3

J.Ir,,sc. 2

20": 20"

CONT.

20": 20"

CONT.

CONT.

CONT.

CONT.

CONT.

Test Phase?

N D

N D

N N

D D

N D

D A

N N

D D

Range Bins3 (meters)
60

LS4 0-1 1-2 2-3 3-4 4-5 5-6 6-7 M I

A

N

N - A - D N N N. N

N

D D N N D A

60 x 120
-10 10-15 I5-20 20-25

A

D

N

N

N

N

N

D

D

N

N

N

N

N

N

N

N

N

N

N

D D D N N N D N D N N N N

'Hammers that were on for test, referred to by control box channel number.

2 Amount of time that hammers were on and off during the test. Ex 1':l = I minute on, I minute off; 10": 20" = 10 seconds on,
20 seconds off; cont. = continously on.

3 Hammer tests and range bins with statistically significant differences (a=.05) in weighted fish nunbers between test phases from
expected frequencies. Phase with highest numbers noted as: B=Before, D=-During, A=After, N=No significant difference between
phases. Dashed line indicates no oraces.

4 Test phase with statistically significant difference in weighted Long to Short trace types between test phases from expected
frequencies. Test phase with highest LS trace types noted as in footnote 3.
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APPENDIX -A: Fish Abundance Data

Fish abundance estimates were calculated for the period of January 16 to

February 22, with only several brief periods when monitoring was interrupted. The mid-
water 60 X 120 horizontal tra~nsducer was used to gather the hourly estimates of fish density

in front of Unit 3, Intake 35. Fish traces were enumerated from the echograms, weighted
by range bin and extrapolated if sample time was less than an hour.

Tidal information was obtained during the project with high and low tide values

used for New York (The Battery), N.Y. Correction factors used to adjust tide times for

Peekskill, N.Y. were high = +2:28 h and low = +3:03 h.

During the first week of the study (January 16, to January 23), high peak fish

densities were generally associated with mid-tide levels, and low fish densities occurred at

low tide. This trend continued on through the second week and the beginning of the third

week (January 24 to February 2). Towards the end of the third week fish densities

decreased dramatically, remaining at low densities on into the fifth week (February 4 to
February 12). Toward the middle of the fifth week of the study until the end of the 24 h
monitoring (February 14 to February 22), overall fish densities began to increase gradually

with the same trend for high and low peak fish densities as was observed in the beginning

of the project.

The two time periods when the highest fish densities of the project were observed

(January 26-27, and January 13), both occurred just before or during low tides.

A possible explanation for the trends observed in fish densities in front of the

intakes may be related to the behavior of fish following the freshwater zones of the river

influienced by tidal variations. As the saltwater wedge recedes downriver during an ebb

tide, fish upriver within the freshwater zone may move downstream. The river channels in

front of the power plant may then funnel these fish toward the plant's intakes.

Fish density increases prior to high tide could be related to fish milling near the

power plant's outflow. During the, onset of high tide, a freshwater plume, caused by the

outflow of the power plant, may be pushed upriver and directed by the river channels into

the power plant's intakes. Fish within this plume would then be directed toward the

intakes.
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Figure Al. Hourly estimates of fish abundance with high and low tide levels in front of
Unit 3, Intake 35 for January 16 to 23, Indian Point, 1988.
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Figure A2. Hourly estimates of fish abundance with high and low tide levels in front of
Unit 3, Intake 35 for January 24 to 30, Indian Point, 1988.
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Figure A3. Hourly estimates of fish abundance with high and low tide levels in front of
Unit 3, Intake 35 for January 31 to February 6, Indian Point, 1988.
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Table Al. Hourly estimates
in front of unit
For January 16.

of ra•i and weightod fish numbers by range bin (in motecs)
3, intake 35 uzing 6 X 12 degree horizontal transducer-,
Ireian Point. 1980.
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Toble A12. Hourly estimates
in front of unit
For- January 17.

oF raw and weighted fish numbers by range bin (in meters)
3, intake 35 using 6 M 12 deogee horizontal transducer-,
Indian Point. 1988.
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Table R3. Hourly estimates
in fr-ont of unit
for January 18.

of rea and weilghted fish numbers by range bin (in motors)
3. intakece 35 using 6 H 12 degree horizontal transducer.
Indian Point. 1988.
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Table Al. Hourly estimates of raw and we•ghted fish numbers by range bin (in metors)
in front of unit 3, intake 35 using 6 X 12 degree horizontal transdwoer,
for January 19. Indian Point. 1988.
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Tablp Fts. Hou-ly estimates of rau and weighted fish numbers bIj range bin (in aoters)
in front of unit 3. intake 35 using 6 M 12 degree horizontal transducer.
for January 20. Indian Point, 1988.
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Table R6. Hourly estimates of rau and wooighted Fish number-s by range bin (in m•etrs)
in front. oF unit 3, intake 35 using 6 H 12 degree horizontal transducer,
for January 21. Indian Poirnt. 19838.
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11 Range bin obstructed by echogram noise.
21 Numbers have been extrapolated For 30 minute sample time.



Table A?. Hourlyj estimates
in front of unit
for January 22.

of raw and weighted fish numbers by range bin (in meotos)
3, intake 35 using 6 X1 12 degree horizontal t-ansducer,
Indian Point. 1988.
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1) Numbers have been extrapolated for 30 minute sample time.
2) Monitoring shut down for redeployment.



Table RB. Hourly est.imate.s of raw and ueight•d fish numbers by range bin (in meters)
in front of unit. 3. intake 35 using 6 M 12 deog-re horiaontal transducer.
For January 23. Indian Point. 1998.

I
0-5 5-10

Hour Raw WF Raw
10-15 15-20

MF Raw WF Raw
20-25

WF Rau
25-30 S30-35

W Rau W Raw., WF
35-40 HOURLY TOTAL

Raw WF POW WF

0000
0100
0200
0300
0400
0500
oOEM
0700
0900
0900
1000
1100
1200
1300
1400
1500
1600
I ?00
1900

2000
2100
2200
2300

a
3
2
0
3
2
I
l

0
2
I
3

5
"3

26

2
2

.4
12

1
a
0
3

11
11

07

7

11
7
4
4

so

0

4
11
1'9
11
1'9
22
7
'7

15

45

30
0
11

4
7
3

1
3

16
B
3
0
3
3

5
10
9
6
5
£

11
22
.47
10

9
9
S

a
13

6
2
6

30
15
6
0
6
S

i9
19

11

'9
2

21

41

19
15

1?
11

a
15

2
5
I

32
2?
16
10
3
0
9

10
10

3

15
49
75
23
12
9
6

10
18
2
6
1

as
32
19

12
4
0

I1
12
12

4
6
1

42
59
90
2a

7

9
10

5
3
4

33

35
13

2
4
1

13

6
4

9
3t
66
93
25
12
14
14

8
9

5
3
4

30

32
12
2
4
1

12
9
5
4
6

8
29

59
84
23
I1
13
4q

14
7
4
2
3

45
3o
16
-4
5
1
5
7
7
2
6
6

37
71
78
27
13

12
9

11
2
3
2
2

34
23
12

3
4
I
4

5
5

2
5
5

28
53
59
20
10
9
7

tl
,4

0
3
4

55

to

2

46

92

7

67

46
92
46

22
23
7
7

7
2
0
2
2

33
24
11
7
4
1

-4

144

28
55
38
13
141
4
4!

4
2
I
1

20
18
10
11

8

3t

2
0
4
2

16
49
38
33
13
9
9

2
I
I
I

2
t0

9
5
6
4
2
2
2
1
0
2
I
a

25
19
17

a
0
0
4
1

14
15
12

5

a
a0
0
0
0

4
6

27
43
29
17

5
a

I
0
0

2
0
6
7
5
1
2
0
2
0
0
0
0
2
3

12
19
13

a
2
14

112
96
34
3a
46

434
522
179
82
74
22
100
102
86
42
70
54

276
380
449
170
106

64
52

116
IS9
.48
36
56

376
292
149

62
70
3o

110
140
106

82

54
240
319
442
137•

109
60
53

Bin
Total

72 267 199 375 365 438 413 976 411 312 442 267 264 13? 202 89 3597 3320

1) Numbers have been extrapolated For 20. 30 or 60 minute sample time.



Table A9. HaftrI etateetes of raw en weightAd Fish nurberes Cuith high end lowa tide heights)
in front of unit S. intako 35 using 6 H 12 degree horizontal trwtsauaor
for 'oek 1. Jarmar" 56 to 23. Indian Point*. 190.

JANl 16 JAN 17 JAN ai Jat 39 JIin 20 JAN 21 JAN 22
Hour Rf14 W Tide RAW SW Tide RAin u Tide RAW SFT Tide NOW W Tide RAW 1W Tide PAM 3F Tide RAW

WEEKLY
JAi 23 . TOTAL

UP Tid*e RA M

0100
0200
0300
0430
0500Msoo

0700

0900

3500
3200
3300

3500
1600
1100

1900
2000
2100
2200
2300

21 Is
520 332

36 42
3 12

24 ,3
36 72

105 162
"9102
S4 57
42 51
63 5?
66 40

103 81

163 .132
IPA 150
120 305
'63 51

0 0
12 2?

,u3 90
54 87
6? 96
081 1oo
or at

, 42
* 3 24
0.0 5 54

* 72
1 24

340
* 3 57

354
1.4 1St

1 27
1 2?
1 63

23

121
157

1.I Ilas
1 24

3 57

3 ?

33
27
39
45
24
04
78
90
69

312
39

5?
3,

36

302
.27
30
12
69

69
39

578
0* 4

-0.1 ? 72
42
Is

369

5.5 3 too
93

160345
I67
i ?

1 102
-0.2 1 45

1 21
I Is
1 63

1.2 3 5
18?

3 3

60
69
F2

60
2?
2?

1308
3l1

102

as66

or63
U?

417

51

I 75 75
1336 so
3 72 s5

96 96
-0.2 I45 45

36 a5
to to3 1 13

3 9 523 30 350

3 60 70

3138 206
3 64 70
3 a6 44
* 56 52
1 270 205

1ISO 141

-0.3 1 129 174
I 105 132

5 6 2I39 63

1.216 366
1.3 1 114 147

1 126 20?

t 57 99
3 51 69

1 "29 193
1 222 2i9
5 377 3?4

-0.:t 1 96 313
3 54 69

3 0 0

3 0 0
* 0 0

1.? 3 75 12"
1 96 344
1 27 2?

I l900
a si 93
3 192 204

-0., 5 136 144
Si 0 96

1 72 so
1 74 94
1 52 80

1.3 1 64 90

1 14
8 22

3 264
--. 174
-031 334

3300

5 510

I 306
I 44

166'

* 0
5. 0

3 0
-0.4 0

1 0
I 0

26
46
30
86
902
192
142
120

56
156
156
130

154
GO

62
0
0
0
0
0
0
0
0

1.41 0 0
I 0 0
I 0 0
I 0 0
1 0 0
3 0 0
I 0 0

-0.31 0 0
1 0 0
£ 0 0

£ 0 0
5 0 0

A.&6 0 0
1336 54

48 56
64 9
so5 74

1 332 27*0
1 402 380

-0.4 1 212 222
3 570 132
1 34 68

372 6•4
3 14 546•

3 112
1.4 3 $6

3 34

46
3 -434
3 522
S570

-0.3 1 02
1 74

522
* 100
1302

1.6 1 86
342

I 154
1' 276

-0.5 1 170
3106

13&4
1 52

136
138

v62140

066

92

IGO
348
262

09

40

530

02,
)106

442

60

1 54315.4 3 34
3501

622

959

I 565

-0. 5 .464

to??

649I-021 6506

5534

I 549

I JOs

3 939

I 649
-0.2 3 636

3 535

427
4,3l
423
5514
66?
901
e69
624
574
802
474
736
634
592
561

485
1013
30O29

5030

820
623

OeiIl 1674 1800
Total

1431 1539 1570 1690 2120 2669 53M7 2210 1514 IB20 1592 3662 as9? 3355 I 353 14010

1) Tide heights for low aid high tide only. Now York (the flattery). N.Y.
end tise adjstked For Indian Point Lesmimk .



Table RIO. Hourly estimaes of r'.a and weight.ed Fish numbers bJ range bin (in meters)
in front of unit 3. intake 35 using 6 X 12 degree horizontla tr-ansducer,
for January 24. Indian Point. 1988.

I
0-5 5-10

Raw lF Raw
10-15 15-20 20-25 25-30

HF R&A HF Rau 14F Raw HF Raw HF
30-35

Rasa HF
35-40 HOURLY TOTAL-

Raw ,F Raw WFHour
----- ---------------
0000
0100
0200
0300
ole0

0600
0700
0800

0900
1000

1200
1900

1500
1600
1700

I3C00
2000
2100
2200
2300

B
6
2

5
3
0
-4

12
6
6
a

4

6
6

7

4

3
'4

5
6
a
2

30
22

7
19
11

0
15
45
22
22
11
15
4

26
22
22
26
15
11
52
19
22
11
7

12
17
12

5
B
1

27
25
15
9
6
4

28

13
9

6
17

11

4

26
26
17
11

6

23
32
23

9
15
2

51
47
28

is
24
17
11
19

a
9

53
49
32
21
11

26
34
21

5
5

12
28
26
20
31
'I

4
13
30
17
8
11
9
9

41
27
26
20

5

31
41
25

6
6

14
34
34
24
13

13
5

16
36
20
10
13

49
32
31
24

6

21
23
13

6
2
9

28
29
22

9
10
7

1t
20
16
7

10
3

12
29
so
16
9
I,

19.

12
5
2

25
26
.20

8
9

6
16

14
6
9
3

I1

27
149q
S

1 21

1 4
13

1 9
I2?
I126
1 13

36

16
I 9

'9
1 2?
1 12
39

1 9
I to
I31
126
I12

' 9
I10

16
5
3
2
6
7

20
20
10
S

S

13
B

6
6
8

23
20

9
7
8

11
22

6
2
4

14
34
27
10
9
9
9
7

93
11

8
6
6

11
36
33
I0
13

B

7
13

4

I

20
5

20
16
6
5
5
5
4

20

6

5
4
4
7

22
20

6
B

1_ 7
16
13

33

I 19

'33

1 14
12
16

I t

1 15

Is

3
4

I6

125

130

IB
15

3

2
2
2
2
9

17
7
1
3
3
4
2
2
2
23
5

13
15
6
4
3

0
0
0
0
I
3

15
114
17
2
2
2
1
6
1
2
3
4
7

26
31
12
10
10

0
0
0
0
0

9

7
6

I

0

2p

12
1.4

106
115
61
30
34
52

181
194
117
54
53
45
65
141
74
50
59
44
68

230
208
110

93
55

130
13?

76
44
44
42

211
125
72
56
50
66

148
90
64
s0
52
65

250
196
125
88
53--------- - -- - -------- - ----------- - -- - --

Bin
Total

123 456 284 5J5 421 505 358 321 300 228 339 204 235 122 169 76 2229 2447

1) Numbers havy been exterapol•mted For 60 minute sample, time.



Table Fll I. Hourly estimates of raw and weighted Fish numbers by range bin (in metors)
in front of unit 3, intake 35 using 6 X 12 degree horizontal transducw-.
Foa- January 25. Indian Point. 19898.

I
0-5

Hour Raw
5-10

HF Raw.
10-15 15-20 20-25

14F Raw HF Raew . F Raw
25-30 30-95 35-40 HOURLY TOTAL

HF Rae.w HF Raw HF Raew HF Raew WF

-0000
0100
0200
0300
0400
0500

.0700
0600
0900
1000
1100
1200
1300
1400
1500
1600

11-00
19000

2000
2100
2200
2300

2
9
7
5
2

`4
5

to
6
3

2
1
2

10

25

2
4
I
3

2

7
34
26
19

7
11

15
19
37
22
11

7
4
7

37
30
19
26

15

15
7

2
9

21
5

I1
14
9

9
10
16
6
I
4
S

16
16

11

6
6
9
6

2
1?
39

9
21

a
17
1?
19
30
11

2
8

9
30
30

34
21
13
19
11
11
17
I1

I
28
2?
20
15
S

15
is
1?
21
24

5
a
4
5

30
1?Is

12
11
7
9

12

14
10

1
34
32
24
1IS

6
18
20
25
29

6
4
5
6

36
20
16
14
13S
II
14
17
12

5
23
27
15
to

7
6

17
28
22

a
8
6
3

15
22
11
12
17
9
7

11
19
11

5
21
24
14
9
6
5

15

25
20

7

5
3

14
20
10
Il
is

a
6

10
17
10

6
25
26
10

9
7

10
29
30
IL
6

14
6
2

24
35
12
20
1t

5

12
a

10
10

5
19
20

B
7

5
a

22
230

5
3

5
2

16
26

9
15

B
4
9
6
8
8

6
2`4
31

212

11
1o
21
35
13
6
2
4
7

39
16
12
1-4

6
5
3

5

`4
1`4
19

77

6
13
21

B
4

23
1
2
4

10
23
10

7
8

3
2
5
3

0
`4
B

3
4

10
12
2-4
11

3
1
1

2
5
9

21
4

2
5
9
?

0
2
4
2
2
2
5
6

12
6
2
I
!
I
a
5

11
2

3
S
4
2

2

0
6

1
1011

10

3
02
2
3
5
5
9

10
1:3
7

0
0
3
0
0
0
2
5

22

5

0

2

I
1
1
2
2
`4
5
6
3

33
122
153

62
63
42
60

120
175
114

36

25
35
29

11?
1.48

98
81
75
48
54
62
8,4
5,4

36
" 1'41

167
77
71
45
76

117
170
128
46
2?
34
33

148
155
110
97
70
61
51
64
89
56

Bin
Total

107 397 216 406 325 389 319 28? 329 251 309 186 1IS 96 125 55 1900 2069

1) Numbaers have been extrapolated for 60 minute sample time.



Table R12. Hourly estimates
in front of unit
for Januaryg 26.

of raew and weighted fish rnumbers byj rangJ bin (in meters)
3. intake 35 using 6 H 12 degree horizontal transch4er'-
Indian Point, 1988.

0-5 5-10
Paw WF Raw

-10-15 15-20
WF Raw WF Paw

20-25
WF Raw

25-30
"F R.w

30-95
14F Raw

35-40
HF Raw.

HOURLY TOTRL
WF Raw WF------------- - ----- -- - -----

0000
0100
0200
0300
0400
0500
0600
0700
0800
0900
1000
1100
1200

1400
1500
1600
1700
1900
1900
2000
2100
2 20 0
2300

0
3
8

10
a
t
5
3
,4

6
2
3
I
4
0
0
I
6
6
2

49.
1176
110O4

0

30
3?
30

19
11
15
22

4
15
~0

o
4

22
22

7

1 50

4386
4118
272

1 5
1 9
1 23
1 25
1 17
1 98,

1 5
9

S11
1 4

I 6

1 I
I 0

I 2
I 3
I 1

I24
I 13

12
1 456
11710
11980
11920

9
17
43
47.
32
17
15

9
17
21

8
11
2
0
4
6

2
45
24

4
857

3215
9722
2482

I 4
1 23
1 23
1 15

I6"
I 11

S13

1 a

I 0

1 3
I 0
I 2

I 13
1 13

I 7I584

12358
19312
12206

10
5

29
28
1i
11

a
7

13
19
16
10
to

4
0
2
4

16
16
a

701
2030
9974
2650

a
6

26
29
19
5
9

12
15
15
14
4
2
2
2
2
3

26;
23

7
6

20
36
to

7'1
51

231
261
17 1
5
aSI

11 1
14 I
14 1
13

24121
21
21
II

23I

6 1

51
to 1
32 I

9 I

14
7
133

13

6
7

11

.9
11

2?
2
2
4
1
0
3

22
26

6
6
9

13
3

11
5

25
28
10

5
5
8
7

13
2
2
3
1

0
2

17
21

5
5
7

10
2

10
7

15
19
13
7
7.

13

14
17
16
3
0
2
1
2
0

15
12
9
2
7
S
1

6
4
9.

11
B
4
4

0

10
2
0

5
1
0
9
7
S
I
4

I

2
5
4
2
1
2
8
4

14
13

2

3

5
0

1

a
2
1

11
12

S

4
I

3
2
I

I
4
2
7

2
3
0
I
I
4
4
I
1
6
6
2

4
2,
6
2
I
3

2
6
7

13
10

1
2
2
1
2
0
8
5
2
3

17
9
3

21

0 131

51

01
II
II

31

61

'I
II
0I
II

41
21
II
II
81

41

56
40

139
149

88
A41
47
64
73

102
-99
2?
19
22
12
II
12

121
144
37

9112
5500
6474
6426

49
49

164

180
116
48
61
61
79

106
79
40
23
29
14

12
16

140
156
37

6858
10474
1163•

Bin
Total

3587 13379 5643 10609 8653 10387 300 271 264 202 200 119 116 64 111 50 22613 42499

1) Numbors have been extrapolated for 20-60 minute sample time.



Table IS3. Hourly estimates
in front of unit.
for January 2?.

of raw and weighted fish numbers byj range bin (in motors)
3, intake 35 using 6 X 12 degree horizontal transducer,
Indian Point., 1988.

O-5
Hour Paw

5-10
4F Raw

10-15
IF Rau

15-20
1F' Raw

20-25
3* PAU

25-30
HF Raw

30-35
UF Raw

35-40 HOURLY TOTRL
F Raw- HF Raw HF

0000
0100
0200
01300
0400
0500
0600
0700OWO0

0900

1100
1200
1300
1.400
1500
3600

1900
2000
2100
2200
2300

I
4
3

2
14
3
6

17
6

0
2
3
1
1

0
1
1

0
2
2
3
3
I
0

4
15
11

7
15
11
22
63
22

0
7

11
4
4
0

4

0
7

4
0

72
22

9.
5
5

12
13
22

a
2
0
5
a
4

2
2
2

4
4

9
7
I
6

135
41

9
9

23
24
41
15
4
0
9

15
0
9
4
4
e

13
37IsL3

2
i1

42
52
11
8

10

26
14
20
15
11
9
4

11
5
I

0
0

7
8
9

12
9
2
5

5s
62
13
10
12
31
17'
24
1o33
13

5
13
6
1

0
0

10
it
i-q
11
2
6

3
5
6
8

to
26
14
20
15
it

9
4

11
5

1
0
0

7
1
9

12
9
2
5

3
5
5

9

23
13
19

14
10

8
4

10
5
I
0
0
6
7
B

II
8

2
5

2
3

16
6

17
20
17
28
12

4
0
a
7
2
5
4
0

10
6

12
13
to

4
3

2
2

12
s

13
15
13

21
9
3
0
6
5
2
4
3
.0
a
5

9
to

3

2

1
25

2
10
23
3?
16
10
12

4
2
6
0
0

2
3
4
a
3

21
3
7
6

1
15

I

6
34
22
10

6
7
2
1
4
5
0
I

2
2

5
2
5

is
2
4
4

0
2
2
5

to
30
10
13

a
3
0
5
5
1
I
1
5

5

2

.4
a
2
I

0

4

1
3
5

5
7
4
2
0
3
3
1
1
1
3
3
4
I
2
4
I
I

2
2
3
3
9
1

6
5
5
5
5
5
8
1

2
1

3
5
3

6
3
5

1
1
1
1
4
0
3
2
2
2
2
2

4
0
3
i
0
1
2
1
2
3
1
2

492
138
52

G8

135
96

135
a1
40
32
-40
59
25
22
13
13
4q
41
52
79
63
22
.41

7864
1?O

61
46
01

130
107
192
91
43
35
44
59
35

20
15
13
39
44
55
80
66
19
,41-- - -- ---------

Bin
Tote I

66 244 234 439 291 349 200 182 217 166 221 134 110 61 o6 40 1859 2262

1) Numbers have been extrapolatied for 15-60 minu.te sample tlime.



Table R14. Hourly estimates
in front of unit
for January 29.

of raw and weighted Fish numbers by ranq. bin (in meters)
3, intake 35 using 6 X 12 degree horizonta tLransducer.
Indian Point. 1988.

I
0-5

Raw
5-10

WF Raw
10-i5

WF Raw
15-20

WF Raw
20-25

WF Raw
25-30 30-35

WF Paw WF Raw WF
35-40 HOURLY TOTRL

RPa MF Ra&.. WFHour

0000
0100
0200
0300
O-M

0500
oc-oo
c0o0

0900
1000
1100
1200

1300
1500
1600
I1100

1900
2000
2100
2200O
2300

1
2
0
1
4

.9
4
6

tO
4
5
4
1
2
0
0
0
3
5
4
2
1
I
1

4
7
0
4

15
34
15
22
a?
15
19
15

4
0
0
0

11
19
15

4
4
4

6
3

2
4

12
12

9
9

21
7
5
7
7
1
0
I
2
3

21
13

5
13

5
3

11
6

4
a

23
23
17
15

39
13
9

13
13
2
0
2
4
6

39
24
15
24

9
6

2
S
3
7

10
28

9
16
25

2
5

14
7

10
0
I
3

1a
12

9
16

7
10

2
6
4
a

12
34
11
19
30

2
6

I?

12
0
1

4
1
4

14
19

12

3
5
1

11
24
12
12
a

17
9

11
9

12
a0

0

4
2

£5
11

25
11
6

3
5
1

10

22
11
11
7

10

8

11

0
0

4
2

92
14
10
23
10

5

10
4
4

18
23
13
1o
14
£9
15
15
13
23

7
0
2

10
6

43
1i
12
24
2?

9

0
3
3

14
17
10

2

11

14e

11
In
10

0
2
8
5

32
14
9

18
20

7

13
6

16
16

21
5

15
15
16
10

14
16
9
0

14
6

21
13
16
29
21
1-4

toI

to I10 1

610
1a I

*9
9'

10 1
61

10 1

517

02

13 I
. I

10
171

iS

4

0
3
6
7

2
5

6

11
21
10

0
4
3
S
4
8

10
13
13

I?

4
2
0
2
3
4
I
3
3

4
9
6

11
S
0
2
2

a
2
14
5
9

9

5
4
3

6
2
2

0
2
1
4
1

13
7
a
0
I
3

2
5,3
I
4
I

2
2
1
3

1
1

0

2a0
2
0
6
3
,4

0
0
I
1
2
i
0
2
0
3

47
33
20
66

146
104

51
74

114
65
69
85
94

.55
0

10
399

IStO
86

69
125

67

42
35
1?
59

155
130
66
87

147
65
70
83
7?
4?

0
a

31

33
143

94
67

114
71
54

------ - -- - -- - -- - -- - ----
Bin
Total

70 262 173 325 205 245 252 229 339 25? 31.1 191 185 98 85 36 1672 1695

1) I4Labers have been extrapolated for 40--60 minute sample time.



Table AIS. Hourly estimates
in front of unit
for January 29.

of reaw and weighted fish rumbers by r-ange bin (in meters)
3, intaake 35 using 6 M 12 degr-e horizont.al transducer,
Indian Point. 1988.

I
0-5

Raw
5-10

HF Raw
10-15

WF Raw
15-20

WF Raw
20-25

HF Raw
25-30

UF Raw
30-35

W4F RawHour 95-40 HOURLY TOTAL
HF Raw I.F Raw WF

0000
0100
0200
0300
0400
050
0600
0700

1000
1100
12001300

1 '100O
1100

t600
1700
1900
1900
2000
2100

2300

5
3
I
I

9
9
9

14
16
15

4
2
2
0
1
a

I
7
7

9
20
42

9

19
11

4
4

94
34
34

52
60
56
15
7
7
0

4
4.

30
4

26
34
75

157
34

V 7
11

0
a

22
21
22
51
23

5
7
3

3
5

5
5
5

3
16
21
39
57
13

13
21
13

0
Is
41
39
41
96
43
17
6
6
9

13
9
9
9
6

30
3,

1o?
24

6
14

3

4
8

21
25
1t
41
2,4

18
2

11
11
18
14
16

2

7
30
16
34
49
15

71?17
4
5

10
25
30
22
49
29
22

2
13
13
22
17
19

2
8

36
19
,41
59
10

13
19

5
4
8

19
16
22
55
31
13
10
15
11
13
16
21
21

7
31

20
40
46
26

12
17
5

17

14
20
50
28
12
9

14
10
12
14

19
10
6

28
25
36
41
23

7
20
18

4
15
32
23
25
45
17

9
7

12
16
17
30
23

a
10
28
29
2?
40
35

5
15
214

3

17

19
34
13

7
5

9
12
13
23
1?

6

21
22
20
s0
26

14
24
19

4
1i
21
22
19
47
33

5
8

13
24
14

39
11

13
19
36
29
97
3?

a
214

11
2

20

13
13

a1
28
20

3
5
8

14
9

28
23

7
B

11
22
17
22
22

is
13
14

2
3
4
2
a

13
15

4
2

21
13
16
18
16
0
4

13
13
11
41
29

9
7
7

2
2

724

7

9.

8"

2
1

11
7
9
9
8
0
2
7
.7
6

21
15

11
19

5
1
4

6
0
2
9

14
5
2

11

171?

15
a
2

5
9
2
2

0
2
3
0
I
4
6

2

aB
7

1
1
3
2
9
3
6
4

81
123
72
20
65

134
118
130
277
172
67
36
8s
9?

103
145
131
40
5s

148
159
206
325
172

60
19
62

159
148
1 70
328
203

80
36
73
?3
SO

III
126

39
67

161
1I1

.271
"443
166

3243Bin
Tota1

187 701 363 679 407 489 490 433 497 374 552 329 293 152 168 86 2967

1) Numbers have been extrapolated for 60 minute sample time.



Table R16. Hourly esniuates
in front of unit
for January 30.

of rau and weighted fish numbers by range, bin (in meters)
3, intake 35 using 6 M 12 degree horizontal tranzcuocr,
Indian Point, 1989.

I
0-5 5-10

Rau HF Rau
10-15

WF POW
s15-A20 ' 20-25

64F Raw I.F Raw
25-30 30-35

HF Raw HF Raw WF
35-40

Rae.
HOURLY TOTAkL

WF Raw. WFHour

0000
0100
0200
0300
0400
0500
0600
0700
0800
0900
100o
1100
1200
1300
1400
1500
1600
1700
1000
1900
2000
2100
2200
2300

i1
11

2
1

6
13

3
10
16
14

2
I
2
1
2
0
0
0
0
0
3
2
6

41
41

44

22
49
11

37
60
52

7

4
7

0

0
0
0

11
7

22

9
22

2
5
3
6

29

11

34
19
5
4
3
1
2
6
0

16310
16

21
21

1?

Is"

41
4
9
6

11
55
13

21
64

36
39
9
6
2
4

11

2
6

19
30
39

8
3

12
5
3
5

25
15
25
53
31

9
is
10

4
9

14
4
6

21
1?

23

10
4

14
6
4

6
30
19
3,0
64
37.
11
19

12
5

11
17

5
7
0

25
20
23
28

10
3

15
14

3
6

27
is
18
91
28

6
24
21
14
15
22
13
6
3

23
14
16
so

9
3

14
13
3
5

24
16
16
73
25

5
22

19
13
14
20
12
5
3

21
13
14
2?'

6?
35
21
21
2

17
36
15
16
95
27
11
21
23
26
34

9
12
14

a
so
16
20
26

50
26
16
16

2
13
27
11
12
26
20

a
16
17
20
26

7
9

it
2

23
12
15
20

87
40
35
17
10
6

34
15
19
42
31
10
24
3,
41
23
16
14
11
9

27
13
22
37

52
24
21
1o
6
4

20
9

11
25
19
6

14
23
25
34
10

7
5

16
8

19

22

26
15
19

9
6
14

14
I
3

20
16

7
9

1?
iS
15
5
9
,4

812
11

0
26

13
a10to
5
3

7
1
2

1o
a
4
5
9
S
0
3

2
2
2
6
6
4

13

1i
12
11
14
5
4
7
0
0

0
11

7
20
13

4
2
5
3

7
3

19

0
5
5
6
2
2
2
0
0
4
2

5
3
9
6
2
I
2
1
2
S
1
S

236
141
117

96
93
54

185
74

102
289
17?0
50

109
122
122
113
76
48

4?
24

12?
97

Ill
187

200
152
91
69
30

65
214

79
129
326
199
50
92
96
86
90
70
3?
36
19

112
103
116
179

Bin
Tota I

107 396 240 452 336 405 430 389 53? 405 622 372 268 141 180 80 2720 2640

0) Numbers have been extrapolated For 60 minute sample time.



Fable &I?. wryoal•mj *st, itu of r-p. avd ... ightLd fish rnumbe rs wutJh high and o.. kide heights)
in fro..iL of unit a. inLet. 35 us&n9 6 30 12 degree horizontal tLranscuoer
for ueek 2. January 24 to 20. Indian Point. 19U0.

JAN 24
14c-u* FAl iF Tid do RAI

WEEKLY
JIM 25 JAN 26 JM2?JAN 20 N JJIN 29 JiWI 91 TCJATL

wF Tide PfA iMF TIdo P11 W1 Tide PAW MF lido 1116 14 Tide d AW 11F 1l.We RAi 1F

01000
0200
0.200

0•.300
0400ozoo

O;Or..1-400

t100

1200

2400

2;500

Iofi
20-0
DOW

1900

2(000
2100
2200
2300

lota4l

106 130
335 23
61 76
30 44
34 44
52 42

14 211
117 325
54 72
53 50
45 50
65 66

141 140
?4 g0
50 64
59 s0
44 52
60 £5

220 250o
208 196
Io0 925
53 as
55 53

1.4 I

-0.1 I

3.9 I

.1

-0.2 I'

33
122
653

£2£3
-42

320
I TS

214
38
25
33
29

21?
140

75
40
54
62

- 04
54

as
141
26?"

7?
71
45
76

It?

120
46
27
34
33

340
155
It0
9?

61

St
64
89
5'

I 5 49
S 40 . 492 239 264

1 149 l80
1.4 2 be 116

1 41 48
1 47 fit

1 64 £2
I T3 79

I 102 106
0.0 1 09 71

24 2? 40
2 19 23
1 22 29
1 12 14

1 I 12

1.2 12 1£
1 121 140

I144 256

1 0152 6050
I53sue 50474
I 6474 13207

-0.1.1 £426 132"

2.4 3

0.3 2

3.2 I

492 ?04
SaJo I TO

S2 6&
47 48
Do at

% 102
O6 507

0t 91
40 49
32 3s
40 .. 41
59 59
25 35
22 20
to Is
13 1I
44 39
41 .44
52 55
79 s0
63 66
22 Is
41 41

0.0 1

I.
29I

0.1 I

1.0O

47
33
20
66

1346
104
51
74

114
69
69
85
94
55

10

39
29

ISO

0

Is

69
125

96
67

.42
US
17
5,

155
130

66
a4?

65
;70
03

To

030
Pa

33

243

67

54

-I

1.3 1

0.1 1

2.0

61 70
123 M23
72 60
20 Is
65 62

134 155
I to 148

ISO p70
2?? 320
172 203
6? 00
36 36
88 73
9? 73

203 80
345 M2
1a1 126

40 39
s0 6?,

140 161
IS55 Il

206 271
325 443
372 1 "

1 22

0.2 I pop
1 06
I 33
9 54

205

2.3 3 102
* 209

I ,70
I 50

I 209
1 322
1 22

0.0 1 Ila
1 76
I 40
1 47
S 2.4

1.0 1 122
I9?

I Is?

2w0
152

91
69
302
65

214

226
199
50
92

112

06
90
70
a7
26
Is

312
203
116
279

I go,,$
1 712

614
0.1 460

517
5g.2
7.16,

I 929
3.9 I 044

* 300
1 469
1 -49j

0.0 49
420

I 40?

1.0 I5971

1 1002

.219

636
4"6
559
619
U53
4.07

IU069
"443
56,
330
424
4,, t

455

.23?
501

1269r•
12327

2221 244?
---- - -- - - -------- - -----

19M --"S 22612 42499 1059 2262 1672 9695 -967 3243 2720 2640 359159 56955

1) Tide heights fo." Imla and high tide only. New York (the DtLeor-). N.Y.
.. d ti-ma *djutled for Indian Point Llion.



Table Rio8. HourlyJ estimates
in front of unit
for Janarjy 31.

of r-aw and weighted fish numbers by range bin (in meters)
3,S intake 35 using 6 H 12 doegree horizontal trensduoer,
Indian Point.. 1988.

0-5
Re.au

5-10
WF Raw

10-15
HF Raw

15-20
WF Raw

20-25
WF Raw

25-30
HF Raw

30--35
1F Raw

35-40 HOURLY TOTfL
HF Raw W F Raw H4F

o0000
0100
0200
0300
0400
0500
0600
0700
0800
0900

IWoO

1200
1300
14100
1500
1600

1900
2000
2100
2200
2300

4
0
2
4
0
1
8
2

0

2
10

1
!
0
3

3.
I
5
1
5
2

10
21

15
0
7

15
0

s4
30

7
0
7

37
4
A
0

11
0

19
.4

19
4

19

7
9?
78

15
1
8
5
0
2
2

11
9

13
31

9
5
5

is
25

5

.415

15
18

24
33

28
2

15
9
0
4
4

21
1?
24
58
17
9
9

28
4?

9

28
28

B

28
34
45
62

9
2

22
15

B
2
2

14
7

1o
43

9
16
10
15
29
19

3
6
3
6

31
29
4?

11
2

26
18
10

2
2

17
8

22
52
11
19
12
I9
34
23

4
7
4
7

37
35
56

I.,

I.

20
10
26
14
14
3
7

14
10
27
30
17
14
15
20
14
15
4

16
4

16
29
20
59

18
9

23
13

13

3

t
13

24
2?

15
13
14
16
13
14
4

14
4

14
25
10
53

26
a

35
10
8

4
13
13
11

28
41
18
15

20
29
18
17
10
17
1t
17
91
17
70

20
6

26

6
3

10
10

8
21
31
1.4
11
21
22
14
13

8
13

9
13

23
13
53

3?
23
4?
22
23

6
5

19
17
28
92
2?
2?
541
43
18
23
17
18
17
18
39
26
48

22
14
28
13

1.4
-4
3

10
17
19
16
16
32
26
11
14
10
11
10
11
23
16
29

14
26

420
19
16

2
4

13
I0
a

12
11
11
17
24
13
12

5
11
5

It

17
80

40

7
13

214
10
8
I

2
7
5
4
6
6
6
3

12

6
3
6
3
6
9
.4

20

14
8

19
20

6
12

10

3
5

6
3

18

12
17
26
22

7
2
7

12
7

11
6

13

6
4
9
9
3

0
0
I
2

a
5
8

12
10

3
1
a
5
a
5
3
6

I.~.

'139
79

579
109

76
21
-41
89
69

130
202
110
2?3
147
175
138
101

95
56
95

177
140
331

127
50

348
95
5-4
21
57
87
59

122
231

91
22-4
105
147
136

93
42

101
,46

101
163
171
35?

Bin
Tota I

86 320 274 51.4 364 43? . -417 377 494 37.5 634 380 729 374 247 110 3417 3028

1) Number. have been extrapolated for 22--60 minute sample time.



Table AM. Hoxjrly estimates
in front. of unit.
fr.r February 1.

of raw and weighted Fish numbers by range. bin (in meotrs)
9. intake 35 using 6 X 12 doegre horizon1 t-ransducer.
Indian Point. 1988.

I
0-5

Raw
5-10

SF RawHour
10-15

iF Raw
15-20 20-25

MF Raw MF Raw
25-30

F Pow
30-"5

WF Raws

0000
0100
0200
0300

0400
0500
0600
0700

0900
1000
1100
12oo
1300
11400
1500

1600
17?00

1900
2000
2100
2200
2300

7
2
4
2
4

2
0
2
a

1

2

0
9
9
8
4
2
5
4
2
0
2
3
2
2

10

26
4

15
7

15
0
4

22
52
30
34
3.4
ao
is
7

19
15

7
0
7
1I
7
7

37

43
1.4
15
124

1
3

10
10
41
25
242.4
14

.4

13
11
10

3
5
4
1
1

20

01
26
29
26

2
6
19

32
77
55
45
45
26

8
9

214
21
'19

6
9
9
2
2

B3

51
27
23
16

5
3

16
24
53
26
26
26
16
1I

33
36
12
14

4
3
5

17

61
32
28
19

6
4

19
29
64
31
31
31
19
13
10
40
43
1.41t

5
4

6
13

20

4?
44
50
27
20

6

9
29

27
2?27,
2?

17
24
22
56
3B
22

7
10

I
2

15
21

42
40
45
24
19
5
S

26
24
24
24

2415

22
20
50
34
20

6
9
I

2
14
19

a

I

1

I

54
65
94
43
14

9
21
35
44
26
23
23
32
is
36
70
38
25
16
12

5
6

14
21

41
49
63
32
11

7,
16

26
33
20
17
17

27
53
29
19
12
9
4
5

11
16

62
79

109
76
16
7

2,4
28
31
25
19
19
43
27
40
6f
49
21
.42
29
10
4

15
25

37
.47
65
46
10

'4
14

17
19
15

26
16
24
41
29
1i
25
1?

6
2
9

15

.40
45
27
22
15
13
7

12
6

13
16
16
29
17
55
39
30
10
11
16
4
2
0
4

35-40 HOURLY TOTAL
MF RPa HF Raw HF

201 14 6 1 319 314
23 26 12 1 "324 252
1-4 26 12 U- 338 270
11 I 26 12 1 226 177

I 12 5 198 75
71 7 31 .4 36
45 5 21 93 96
65 2 1 153 159
38 0 0 232 207?
71 2 1I 156 1e
S1 3 1I 147 171

I 3 I 14q? 171
158 24 11i 193 166

9 1 26 12 I 128 106
28 1 94 15 1 202 140
17 1 44 201 322 26-4
15 23 101 228 196

5 1 10 5 I 121 110
6 5 21 297 22-4
9 6 36 9B 70
2 5 2 35 38
1 a 0 1 9 1t0o
a .1 0 1 113 108
23 0 C0 1119 1.47

Bin
ToLal

109 .405 326 614 466 559 '591 531 731 552 866 519 443 227 304 136 4192 3150

1) Numbers have been extrapolated for 15-60 minute sample time.



Table A20. Hourly estimat~es
in Front of unit
for- February 2.

of raw. ard weightead fish roualawvt by range bin (In maters.)
3, intake 35 using 6 X 1:2 degrea horixontal t-cans~cher,
Inadian Point., 19899.

0-5
Raw

5-10
WF Paw

10-15
1F Raw

15-20
WF Rae.

20-25
41F Raw

25-30
14E Ros

30-95
1WF Rau

35-40 HOURLY TOTAL
1F Raw WF Raw.. WF

Hour

0000

0200
0300
0400
0500
060
GTOO
0900
0900
1000
1100
1200
1300
1400
1500

1100

1900
2000
2100
2200
2900

3

7
16

3
2
I

1
3

1
12
12

0
I

2
0
0
I
2
0
0
2
0

11
15
26'
60
11
4
4

11
4

30
4

0

0
7,
0

12
4

26
32
37
16
10

3

7
7

25
16
14

6
2

21
1
0
7
4
0
1
5

10

23
8

49
60
70
30
19
6

13
13
4?
34
26
11

'4

39
2
0

13
a
0
2
9

19

1`4
5

41
42
45
'21

8
3
5
9

25
16
36
22

3
31

3
0

14
6

3
7

29

1?
6

49
5o
5,4
25
I0
.4
6

so
19
43
26

4
37
4
a

17
7
5

28

28
15
42
50
43
22
15
.6

16
15
32
19
39
21

9
52

3
0

13
7
5
3

10
411

1>5
214

39
20
1.4
S

1.4
1'4

29
17
95
19

13

0

12
6,
5
3
9

17
16

67
23
12
4

to
1'4
1?
2?
3?

-q

16

a,4

9
35S

13
12
5?

so50

17
9
3
8

13

20
28
12
26

9

3
S
I
3
7

26

28
1?

6?
89
38
35
18
Is
13
to
17
2?
19

5
38J

0
0

12
6
3
9

39

17
10
52
40
53
23
21
i1
11

10

16
It

23
2
5

2
5

25

11
2

48
36
22
19

10
0

19
1.4
1t
33

0
0

2

a
21

6
I

24I

I I
1t
10

4
2
5
1
0
-4

10
7
8

17
0
a
2
4
1
1
2

11

73
2

25
21

L6
112
2412
l4

44

2
0
0
3

12
13

2

0
1

12
2
0
0

10

33
I

!1

14.
11

7

2
2
2

I
0
0
1

5
6

20
1
0

5
1
0
0
S

I.

I

1

I

413
65

351
352
330
15?
lot
43
74
63

129
116
183
III

57
202
142

0
'a

58
20
16
45

179

322
67

306
346
299
139
86
37
70
63

175
1.49
189

95
.43

238
125

0
65
.49
17
15
4?

1.49
Bin
Total

. 82. 306 268 505 366 464 506 4 521 392 615 368S 2903 149 298 134 3349 3090

1) Numbers have been extirapoleotd foa- 7-60 minute xaMPi tUme.



Table R21. Hourly estimates
in Front of unit
for February 3.

of raw and weighted fish numbers by range bin (in motors)
3, intake 95 using 6 X 12 degree horizontal transducer,
Indian Point. 1998.

0-5
Hour Raw

5-10
WF Raw

10-15 15-20
14F Raw HF Raw

20-25
WF Raw

25-30
14F Rau

30-35
WE Rau

35-40 HOURLY TOTAL
HF Ra. MF Rau HF

------------- - ----- - - -------------
0000
0100
0200
0300
0400
0500
0600
0700
0600
0900
100011300

1200
1300
1400
1500
1600
1700
1800
1900
2000
2100
2200
230O

2
0
I
I
0
3
4

0
0
3
0
1
3
2
I

0
0
0a
1
1
0
4
2

7
0
4
4
0

11
15
0
0

is

0

4
II

4
4
0
0
0
4
4
0

15
7

2
I
5

10
0
7
a
0
0
2

A

9

4
13

4
4
4

4
2
0

16
10

4
2
9

19
0

13
15

0
0
4
2

17

248
8
B
2

15
a
4
0

30
19

1
6

17
33

0
12

9
1
5
S

11
16
20

0

0

0

20

18
a

1
7
20"
40

o
14
11

1
6

10
13

22
24
10
10

6
14
8

17
24

0
0

22
10

21
,4

16
36

0
6
7
6
2

12
13
21
19
16

5
it
16

4
19
12

5
0

1t
it

19
4

14
32

a
5
6
S

2
11
12
19
17
14

5
10
14

4
17
11

5
0

16
10

10
a

24
19

0
6
5
1

6
9

21
18
21
24
10
15
21

9
7
7
4
1

20
12

5
6

19
14

0

14
16
19

9
11
16

7

5

I

9

12
15
23
24

a
13

2
1

13
15
15

17
10

9
29
13
23
20

3
3

13
S

9
14
14

0
S

4
I
£
B
9
9

10
10

62

5
1?
9

14
12

2
2
8
5

7
13
5

10I0
0

4
2
0
3
4

12
12
12
12
12
12
11
20

24
3
0
4
14

4
7
3
S

0
4
2
1

0
2
2
3

7
7

6
6

6
6

12
2
0
2
2

3
9
9
2

0

9

2
2

42

l

6
2

10
12

2
12

2
3
5
5
2
2
2

1
4
4
1
0
4
I
I
0
0
3
1

5

2
1
5
1
I
2
2
1
1
I

* .341
131
100
14?

0
S00
46
14

65
71
90

107
120
54
59

106
112
94
93
23
16

105
228

300
93
86

142
0

101
59
10
1?
68
5?
89
98

108
49
5t
g0
86
79
78
22
11

120
252

Bin
Total

30 112 115 219 241 290 280 252 277 212 305 163 190 99 105 47 2239 2054

1) Numbers have been extrapolated for 10-60 minute sample time.



Table R22. Hourly estimatos
in front of unit.
for February 4.

of r-aw and weighted fish nuAbevrs by range bin (in moteors)
3. intake 95 using 6 M 12 degr-ee horizonta1l tr'ansduaer.
Indian Point;. 1988.

0-5 5-10
Raw WF Raw

10-15
MF RaRW

15-20
WF Raw

20-25
F Raw

25-30
WF Raw

30-35
WF Raw

35-40 HOURLY TOTRL
94F Raw 14F Raw WF

0000
0100
0200
0300
o400
0500
0600
0700
0800
0900
1000
11oo
1200
1300
1400
1,500

1600
1700
18000

1900
2000
2100
2200
2300

I
10
6
2
4
0
0
1
2
0
1
2

"0
3
I
0

1
2
2
2
1
0
1
1

4
37
22

7
15
0
0
4
4
0
4
7
0

11
4
0
4
7
7
7
4
0
4
4

I.

16
34
1i

9
14

4
1
4

3
1
1

5
2
3
4
6
9
5
5
I
I
2
2
1

30
64
34
17
26

8
2
a

6
2
2

9
4
6
B

11

17
9
9
2
2
4
4
2

28.
Be
3o
17
44
16

7
5
4
4

10
5
2

10
6
4
5
8

10
9
3
3
1
3

94
46
36
20
53
19

8

6
5
5

12
6
2

12
7
5
6

10
12
11
4
4

4

24
19
42
23
42
15
10
9
3
1
7

11
6

10
11

95
13
15
14
9
5
1
0
4

22
17
39
21
38
t4
9
8
3

1
6

12
5
9

1o

10

6
12
14
13
8
5
I
0
4

16
50
39
21
49
20

4
to

6
2
6
9
8\

15
11
5

12
24

9
a
4
3
2
2

12
38
29
16
37
15

3
a

5
2
5
7

113

6
a
2
2
2

19
45
40
29
59
23
20

6.
a
2
6
6
7
5

1o
12

8
10
15
12

1
2
1
2

11
27'
24
17
35
14
12

4
5
1
4
4

6

5
6

9
7
1

I

I

6
19
19
12
33
12

5
12
6
I
4
4.

0
1
1
2
5
6

14
13

3
2
4
I

3
10

9
6

17
6
3
6
3
1
2
2
0
1
1
1
3
a
7

2
1
2
I

2
15
6

14
16

B
6

14
4
1I

0
0
0

2
1
5

7
2
2
2
5
I
1

3'

6

4'

61
23

00 1
01

DI

0I

21It

21
31
1

21
0i
DI

.139
230
398
254
261

98
53
61
35
12
40
"42
25
47
46
41
58
71
?'I

56
20
18
13
15

146
2146
390
220
228

80
40
50
33
12
39
45
21
53
45
38
58
70
65
49
22
15
15
18

Bin
Total

42 156 151 296 272 328 301 274 3gas 255 347 209 t,4 9? L15 50 2109 199e

1) Numbers have beon extrapolated for 30-60 minute sample tim.



Table R23. Hourlyj estimates
in front of unit
for February 5.

of rawe and weighted fish numbers byj range bin (in motors)
3. intake 35 using 6 X 12 degree horizontal t.ran-duoor-
Indian Point. 1988.

.0-5
Hour" Raw

5-10
WF Rea

10-15
MF Raw

15-20
WF Raw

20-25
HF Rau

25-30
F POW

o0-35
H Raw

35-40 HOURLY TOTAL
WF Raw 1F Rea HF

o0000
WlOO

0200
0300
0400
0500
0?00

08000
0900
1000
1100
1200
1300

1400
1500
IOO
1 ?0o
1900
1900
2000
2100
2200
2300

0
a
0

0

1

0

2
1

0

0
0

1
0
0
0
o

0
0

1

0
0

I

0
0
0

26

41
4
0
0
0
0
0
0
0
0
0
0

4
4
0
0
"4

5
2
1
0
0
0
0
3

0
0
2
6
I

2
3
1
1

2
0
0
1
0
1

9
-4
2
0
0
0
0
6
0
0
,4

11
2
4
6
2
2
2
4
0
0
2
0
2

6
1

02

0
I
3
S

2
0
2
3

0
10

I
3
3
2
1
0
0
I
3
5

7
0
1
0
1
4

10
2

12

0
.4

012
1

13
0
0

6

6
4

2

3

1

2

2
1
1

2
2
3

2

9

2
6
1
1
3
2
2

5
4
1
3

1
5
5
2

2
1
1
2
2

2e
4

2
5
1
1
3
2
2

7
4
2
5
4

1o
2
2
0
0
1
,4
4

2
3
S

5
3
.4
2
2
3
2
1

23
2

4

3
2
2
2

0
I
3
3
2
2
6

2
3
2
2
2
2
1

2
3
2
3
2

17
-4
7
3
0
0
2
2
1
2
7
4
a

10
0
0
0
1
1

1
2
t
2
I

10

2
4
2
0
0
1I

I
I

4
2
2
6
a
a
0
1
I

0
0
3
0
0
5
2
2
0
1
0
1
1
0
0
6
0
1
5
0
0
0
0
0

0
0
2
0
0

0

0a

1

0
I
0
1
1
0
0

0
1
3
0
0
0
0
0

0
0

0

a

1
0
0
1
0
0
0
0
0
3
1
0
0
1

0
0
0
0

0
0
0
0
2
0
0
0
0
0
0
0
0

010
0
0
0
0
0
0
0
0

I.. 26
15
11
12
19
-43
24
19

6
5

13
19
10
1s
14
36
1?
13
30

8
11

I

27
15

13

34
37
24
21

3
5

19
23

9
22
13
31
Is
12
26

7
7
8
9

16

Bin •
Total

1? . 65 32 62 60 72 70 66 90 64 76 45 2? 17 13 3 385 406

I)V Numbers have been extrapolated for" 32-60 minute sample time.



Tabl e Ao24. Hourl1 y estimates
in Front. of unit.
for" February.j 6.

of raw and weighted Fish numbers by range bin (in amtors)
3. intake 95 using 6 X 12 degree horizontal transduoer.
Indian Point. 1968.

0-5
Hour Rau

5-10
WF Raw

10-15 15-20
HF Paw HF Paw

20-25
W Ra

25-30
1IF Raw

30-35
HF Raw

35-40 HOURLY TOTRL
HF Raw 1 F Raw 1F

0000
0100
0200
0300
0400
0500
0600
0700
0800
0900
1000
1100
1200
1300
1400
1500
1600
1700
1600
1900
2000
2100
2200
2300

2
1
1
0
0

0

0

1
0
0
o
0
0
1
0
0
0
0
0
0
0
0
a
0

4
4
0
0

0
4
0
0
-40
0
0
0
0
00
0
0
0
0
0

0
0

4
2
2
1

4

1
4
3
0
1
1
2
3
2

3
1
0
0
2
I
0
0
t

G
4
4
2

6a
2
B

6
0

2

2

4
6

4
,4
6

2
0
0
4
2
0
0
2

3
6
3
6

0
0
6

.0
0
0
0
0
0
3
0
0
0
0
2
0

-0
0
1

.4

7
4
7

0
0
7

0
0

0

0

4
£

0

0
0

0
,I

5
1
4
6
3
1
2
1
0
0
1
1
4
1
7
0
I

I

1
0
1

5
I

5
3
I

2
1
0

I
I

6
0
I
1

0
I
1
I
0
I

3

1

3

0
7
4
0
0
0
0
3
0
2
4
1
4
1
0
0
0
0
a

2
2
1

0
0
5
3

0
0
0
0
2
0
2
3
I
S
I
0
0
0
0
*

2
3
2

4
3
2
0

1
0
0
0
0

0
0

1
2
0
0
0
1
1

t
2
1
2
2
I
0
2
0
0
0
0
1
0
0
0
0
1
I
0
0
0

I

0
2
0
2
1
0
0
0
0
0
0
1
0
0

0
0
0
0
2
I
i
1
0

0
I
0

1
0
0
0
0
0
0
00
0

0

0
0
0
I
t
I
I
0

0
0
a
2
3
I
0
0
0
0
0
0
0
0
0
0
0

a

1
0
0

0
0
0

0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

19
19
13

31

6

19
24

0
2
2
4

12
4

1.5

3
7
.4
7
3
2
2
7,

27
23
18
26
1?

a
22
29

0
3
3
&

14
9

to

4
5
2
B

2
2
7

Bin
Total

7 .27 40 80 43 51 43 41 49 37 27 1? 12 9 a 2 230 266

1) Numbers haey been ex•-apolated foe- 55-60 minuto sample time.



Table A25. Hourjly esti..L.e of ra. Mwd ivighlvd Cash numbers (uith high and Lou, tkid heights)
iS. rntL of u.it. 3. intaei. 35 using 6 X 12 dowse horizont.l transdumer
for uok 3. January 31 to Februalry 6. Indian Poi"t. 1968.

JAN 31 FEB I FEB 2 FE
Ik..r RAN Ti Tide 204 HF TIdo RAN MF Ticdo RM

11COGi 139 t27 38 e 14 1 419 32* 5 341
0100 783 Z0 4 324 252 1 65 67 1 lot
32W0 579 348 1 338 270 1 as$ a0 a2 500
Sla0 109 95 0.0 1 226 177 1I 3 346 4 14?
0-400 76 54 5 87 75 0.0 S30 2"9 1 0
O5-, 21 21 5 48 36 1S I? 239 0.0 1 00
06.00 41 5? 1 93 86 I 101 86 1 46
0700 ) 9 67 % 513 s59 5 43 37 1 54
1no00 69 59 1 232 267 a 74 0o l IS
05.00 130 122 1.41 556 563 1 63 63 1 65
10m•o 202 231 1 547 571 5.4 1 12 875 I 5 ?I
1100 too 91 1 |14? 57I I156 249 1.4 1 go
1200 273 224 1 153 1"6 1 10 109 1 I07
Isow 14? 105 1 126 506 I 111 95 1 120
A.4" 575 147 I 202 140 5 57 43 I 54
1500 330 536 1 922 264 5 202 230 I 59
1600 lOt 93 -0.1 228 196 5 142 925 1 tog
1700 46 42 I 121 ISO -0.15 0 a a 12
o00 95 S0o 1 29? 224 as Gs .1-0.11 94

lo00 56 A I as 1`0 1 Be 49 I 9s
2000 95 501 I as 3 as I IT I a3
2300 I? fl3 1 4111 00 316 Is a 56
22*0 140 171 5.3 I I13 10t 5.1 . 45 4? 1 20S
2300 331 357 I ISO 144? 1 a" 1449 .25 226

Doi I1j 3457I 9028 4252 3000 234'"39S0so232
-Totsal

i)" Tide heights for l. anld high tide only. Now York (the Battery). N.Y.
ered time* adjusted for Indian Point Location.

am 9
1W1

93
86

142
0

Sol
50
5?
'a
57
.9
908
051
4,58

P5

as

I8320
252

FEB 4
Tide RM W

I 1349 4S,
1 230 2-16
1 396 390
S 254 220
1 261 220
8 90 so

-0.8 1 59 40
1 65 50
1 95 33
1 52 12
1 40 39

o.45 42 45
1 25 21
* -4? 53
S-46.45
8 41 so
1 50 58

; 7" PO
-0.8 71 as

* 6 49
* 20 22

1 Is I5-
13 is

I Is Is

2109 19"

Tide VOW

5.2 21

0. 1!2II
I I

I 4:

5 19

3.45 14

S I'

I ?
1:31

-0.1 S

I II

FEB 5 F
MIR. Tide PAN_

3 27 .2 1 t9
5 Is I 3s

9 1 13
2 to I 835 13 8 35

9 34 5 8

4 24 I .9
9 21 0.05 24
6 a I 0
5 5 I 2
3 2s I 2
9 29 S 4

* 22 I 4
4 is s5

7+ 11. I 3

3 12 1
a 26 4

4 P -0.1 1 p
4 7 I a
* I 2

S 9 I 2

.406 230

EST 6
SW

27
23
t0
26
17
a

23
29

0
3

a

6

14
9

57
20

4

4

2

2r

WEEKLY
TOTAL

Tide R/is SWr

I a3s!$ 1263
5.2 1 662 7.45

I 1790 142?
1 11311 lots
I 883 505
a 790 70?
I 4?3 422
1 377 373

0.0 4 403 93
5 434 469
1 -4941 456
I 604 694
S5211 574
I 791 721

8.2 I 5;5 498
-563 4
.86 7??

5 655 572
1 376 325
0 654 562
I 362 say

0.00 200 211
I. 325 314
1 426 472
5 889 946

511225 4692



Tablo R26. Hourly estimates of rau and ueighted fish numbers by range bin (in meters)
in Front of unit 3, intake 35 using 6 X 12 degree elliptical horizontal
t,-ansduJcero, For Fubrua-ry 7. Indian Point, 1988.

0-5
Paw

5-10
WF Paw

10-15
HF Paw

15-20
WF Raw

20-25
WF Raw

25-30
WF Paw

30-35
WF Raw

35-40 HOURLY TnTAL
WF Raw WF Raw WFHour"
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0300
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07,00
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1000
1100
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1300
1400
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1600
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2100
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0
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0
0
0
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I

0
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0
0
0
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0
0
0
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0

0
0

0
0
0
0
0
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0
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0
0
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0
0
0
0
0
0
0
0
0
0
0

I
0
0
0
2
0
0
0
0
0
0
0

a
0
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0
0
3
2
0
0
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2
0
0
0
4
0
0
0
0
0
0
0
2
0
0
0
0
0
S
4
0
0
0
2

2
2
2

1
2
0
1
0
0

0
3
3

1
0
0

2
22

1
0
0
I
0

2
0
0
1

0
0
0
0
0
0
3
3

0
0
0
0
0
2
0
1

0
0
0

2
0
0
I

0
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0

0
00

3
3
1
0
0
0
0
2
0
1
2
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0
0

3
7
S
3
4

2
2
0
2
0
1
1
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0
1
1
1
,4
2
4
£
0
0
4

2
5
5
2
3
2
2
0
2
0

2
3

1
00
I

1
3
2
3
1
0
0
3

3
2
4
3
0

0

0

0

0
0
0
0

0

1
1
5
3
1
3
2
0
3

2
1
2
2

0
1
1

0
0
0
0
0
0
0
0

1
I
3
2
1
2
1
0

0
2
G

2
0
a
0
0
0

0

0
0
0
0
0

0
0
1
a
0
2
2
0
1

0
1
0
I
0
1
0
0
0
0
0
0
0
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0
0
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1
0
1

0
0

1
2
2
2
I
0
0
0
0
0
0
0
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0
0
0
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£
0
1
0
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0-1
11I I

0I
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0I
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0I
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0I
0I
0I
01

12
27
13
12
I0

6
6
0
2
I
7
7

3
0
I
4
4

1,4
10
10

8
5
1
9

1-4
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9

5
13
5

2
-1
0

'3

4
0
1
4

to12
£0

6
2
1
a

-------------- ------ - -- - ------ - -- - ------
Bin
TotIal

3 12 11) 20 26 28 15 15 49 40 33 22 12 a 10 3 172 153

1) Numbers have been extrapolated for 29-60 minute sample time.



Table R27. Hourly estimates of ra and ueighted fish nuiibers by range bin (in metrs)
in front of unit 3, intake 35 using 6 M 12 dogree elliptical horizontal
transcaco-, for F4bsruary 8. Indian Point, 1988.

0-5
Raw

5-10
WF Raw

10-15
IF Raw

15-20
WF R..aw

20-25
WF Raw

25-30
WF Paw

30-35
WF Raw

35-40 HOUPLY TOTAL
WF Raw WF Raw WFHour

----------------------- - ------ --- --------- ---- -----------------

0000
0100
0200
0300
0-400
0500
0600
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09000
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1000
1100
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1300
1400
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1600
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a
0
0
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0
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3
I
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0
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1
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0
0
0
0
0
4
0
0
4
0
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4
0
0
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5
I
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2
I
5
0
1
1
I
0
I
!
0
I
0
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I
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0
0
1

6
0
9
2
6
4
2
9
0
2
2
2
0
2
2
0
2
0
4
2
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0
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4
I
2
2
1
2
1
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0
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2
0
0
1
1
0
I
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2
a
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0
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5
1
2
2
1
2
1
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0
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2
0
0
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0
1
1
I
2
0
0
0
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3
i
2
!
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2
1
2
0
3
2
0
0
0
0
0
a
3
I
2
3
l
0

3
1
2
I
4

2

1

2
0
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Tdit11 R213. Hourly estimates of rau and weighted fish numbers by range bin (in meters)
in Front of' unit 3, intake 35 using 6 X 12 degree elliptical horizontal
transducer, for February 9. Indian Point, 1988.
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Tabe 14 29. Hcw.sr-Io 14 .ie. ts of r'u and weighted fish numbers by range bin (in motors)
in r-o-c- rif einit 3, intake 35 using 6 X 12 degree elliptical horizontal
tranf:scJ4,i,#- for February 10. Indian Point. 1988.
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Tahle R30. Hourly estimatos of ram and weigh•..d fish numbers by range bin (-.9F maters)
in Front of unit 3. intake 35 uni0aig 6 X 12 degree elliptical horisnurial
tranzducar. For February It. Indian Point. 1988.
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TebLe A31. Hourly est.imates of rau and uoighted fish numbers by ranga. bin (in metor%)
in Front of unit 3, intalke 35 using 6 X 12 degre, elliptical horizontal
transducer. For February 12. Indian Point., 1988.
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Teale F132. Hourly estimates of raw- and ...ighted fish nu.bors
in front of unit 3, intake• 35 using 6 X 12 degree
tr-arosducer, for Februear. 13. Indian Point., 1988.
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Table A33. ilnuriv estimates of rn a ndeight.ed fish rnwtber. C(sth high and Icý Lido heigthts:.
in fronbt of exi L 3. ur4ke 35 usInrg 16 X 12 do.ree elliptical toorircmnt.I traraducer
For week 4. Febrou 7 to 33. Indian Point. 1•108.
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Table 1934. Hourly estimates of raw and weighted fish numbers by range bin (in meters)
in' Front of unit. 3, intake 35 using 6 K 12 degree elliptical horizontal
transducer, for February 14. Indian Point. 1988.
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Total

324- 1208 542 1021 563 674 326 126 99 99 60 39 25 32 12 17379 32600

1) Numbers have been extrapolated for 5-60 minute sample time.
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Table R35. Hourly estimates of raw and weighted fish numbers by range bin (in meters)
in front of unit 3, intake 35 using 6 X 12 degree elliptical horizontal
transducer, for February 15. Indian Point, 1988.
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0
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0
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2
1
2
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0
0
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4
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4
6
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0
0
0
0
1
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9
a
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"43
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Bin
Total

10 36 46 91 117 139 131 120 156 121 145 86 77 44 62 26 751 669

1) Numbers hae been extrapolated for 47-60 minute sample time.



Table R36. Hourly estimates of rw anId ueightfed fish numbers by range bin (in motors)
in front of unit 3. intake 35 using 6 X 12 degree elliptical horizontal
transduoer. for February 16. Indian Pointi 1988.
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0
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4
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4
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0
0
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4
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1
0
0
1
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7
5

7
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0
0
0
0
0

2
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5
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0
1

0
0

0
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21
16
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18

12
31
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114
76
27
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16
3o
38
34
32

Bin
Toatal

32 119 70 134 .166 201 178 162 175 134 * Ia8 145 138 75 105 47 1057 1021

1) Numbers have been extrapolated for 55-60 minute sample time.



Table R37. Hourly estimates of raw and eight.ed fish nuotbrs by range bin (in motors)
in front of unit 3, intake 35 using 6 X 12 degree elliptical horizontal
transduoer, for Febr-ary 17. Indian Point. 1M9S.
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4
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0
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0
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I.
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I
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9
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6
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0
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0
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0
0
0
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3
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4
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0
0
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Bin
Total

27 101 80 15,4 159 190 155 142 145 113 154 91 117 64 68 29 907 886

1) Numbers have been extrapolated for 52-60 minute.sample time.



Table AS8. Hourly estimates of raw and weighted fish numbers byj range bin (in meotrs)
in front of unit 3, intake 35 using 6 X 12 degree elliptical horizontal
t.-ansducer, for February 18. Indian Point, 1985.
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Total

23 94 99 192 200 240 219 201 226 174 233 141 111 62 76 32 1400 1309

1) Numbers have been extrapolated Par 30-60 minute sample time.



Table R39. Hourly estimates of raw and weighteo fish numbers by range bin (in motors)
in Front of unit 3. intake 35 using 6 K 12 degree elliptical horizontal
transducer, For- February 19. Indian Point. 19E8.
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-- -- - - ----- --
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Total

19 6o B? 167 lot 214 209 198 210 159 297 178 127 69 94 40 1543 1375

I) Numbers have been extrapolated for 7-60 minute sample time.



Table A40. Hourly estimates of ra- ard weighted fish numbers by range bin (in 0t4.rs)
in front of us-,it 3. intake 35 using 6 X 12 degree elliptical horizon_-ftl
transducar, fVc- Fobruary -•0. Indian Point, 1988.
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Bin
Total

36 133 141 268 304 363 333 303 279 211 383 230 193 99 103 45 1772 1652

0) Numbers have been extrapolated for 60 minute sample time.



I
Table A41. Hourly estimates of raw end ueighted fivh numbers (with high and low tide heiglhts)

in front of unit 3. irtake 35 using 6 4 12 dogree elliptical horizontal transducer
for week 5. Februwary 14 to 20. Indian Point. 1988.
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Table R42. Hourly estimates oF raw and weighted Fish numbers by range bin (in moters)
in front of unit 3. intake 35 using 6 X 12 degree elliptical horizontal
transducer, for February 21. Indian Point, 1988.
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Table R43. Hourlyj estiffmates of r-er. and weighted fish rAumrs by range bin (in meters)
in front of unit 3. intake 35 using 6 X 12 degree elliptical horizontal
transducer, for February 22. Indian Point. 1988.
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APPENDIX B:
Dual-beam Target Strength Measurements and Interpretation

introd..ction

A fish's target strength is a measure of its echo reflecting power. The larger the
target strength, the greater the sound energy reflected by a fish when it is ensonified by an
acoustic beam. Acoustic backscattering from a fish is a complex phenomenon. The
intensity of an echo reflected from a fish depends on a variety of factors, including acoustic
frequency, fish size, orientation in the beam, and swim bladder characteristics. Despite the
many variables, empirical relationships have been derived between average fish length and
average target strength for many species of fish. (Haslett 1969, Love 1971, McCartney and
Stubbs 1971). In the last decade, techniques have been developed to measure target
strengths of freely swimming fish in their natural habitats (Burczinski and Dawson 1984;
Ehrenberg 1984a, 1984b).

Target strengths are expressed on a logarithmic scale in decibel units. Typical
values for fish range from -60 to -20 dB. The arithmetic equivalent of target strength (TS)
is the backscattering cross section (abs) in units of m-2 where:

TS = 10 log(aOs) (1)

The voltage output of a single-beam system is related to a fish's backscattering
cross section (and target strength) by the following equation:

V2 = k abs b2 (0,0) (2)

where

V = detected output of an echo sounder at a 40 log R time-varied gain.
The echo intensity (I) is proportional to V2.

k = a constant determined from system calibration and equipment settings.
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bs = backscattering cross section of the fish. This is a measure of the

power of the fish's acoustic return to the transducer. Target strength

is related to TS by equation (1).

b(0,O) = beam pattern factor of the transducer. This is the ratio of the acoustic

beam's transmitted intensity (I) at the angular coordinates (0,0) to that

at the acoustic axis of the transducer, i.e.,

1(0,0)b (0, 0) -,-(o

b(0,0) is also a measure of the transducer's receiving sensitivity.

Because a single-beam echo sounder uses the same transducer for

both transmitting and receiving, this quantity is squared in

equation (2).

Under controlled laboratory conditions, the values of V2 , k, and b2(0,O) can be

measured and equation (2) solved for abs. However, in the open environment, the b2

value cannot be measured because there is no way to determine a fish's exact coordinates

(0,0) in the beam. In other words, a single-beam system cannot make direct in situ target

strength measurements because the fundamental equation (2) contains two unknowns
(a•bs, b2).

A dual-beam system overcomes this problem by utilizing a second transducer

element, and hence a second equation. The b2 value is factored out and equations (3) and
(4) are solved for' abs. Specifically, a dual-beam system transmits pulses on a narrow-

bearn transducer element and receives the returning echoes on both narrow- and wide-beam

elements. The narrow- and wide-beam squared voltage outputs are:

2 2Vn= kn abs b~n(0,o) (3)

2 22 kw absbw(0,0) (4)
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By assuming the dual-beam system is designed such that bw(0,0) = 1 over the

main lobe of the narrow beam, the squared voltages (3) and (4) from the received echo

signal become:

2
Vn kn bn (0,0)(5

w2 kw
VW

This can be rearranged into the form:
2

Vn2 kwbn (0,k) (6)

vw kn

Inserting this bn(O,0) value into equation (3) and rearranging the formula allows

computation of a fish's backscattering cross section according to:

SVwknVW"=2 (7)

nkw

The backscattering cross section value can then be converted into target strength

using equation (1).

2.0 METHODS

Dual-beam data were collected at the Indian Point Unit 3 intakes between January

13 and March 4, 1988. Approximately 34 hours of data were recorded over the study

period and used to evaluate changes in mean acoustic size of the fish population over time,

with depth, and in response to hammer operation.

2.1 Instrumentation

The equipment used to collect target strength information consisted of a BioSonics

Model 101 dual-beam echo sounder, two BioSonics Model 111 thermal chart recorders, an

oscilloscope, a BioSonics 60 X 150 dual-beam transducer and a digital tape recording
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system. The recording system used a BioSonics Model 171 tape interface, Sony digitizer,

and Sony Beta VCR to digitally encode the data on video tape. These tapes were then

shipped to Seattle for further analysis.

2.2 Data Collection

The dual-beam transducer was mounted on the end of a 10 ft long steel pole, which

was attached to the catwalk approximately one meter in front of the intake at a depth of

0.5 meters below the mean low water level (MLW). This mount was located at Intake 35

during the first six weeks of the study. After February 28, the transducer was moved to

Intake 36, due to the failure of the two hammers at Intake 35. At both locations, the mount

was centered in the intake directly above the hammers.

Dual-beam data were collected at three different transducer orientations. Objectives

were to evaluate target strength distributions at various distances offshore from the intake

and also to verify that the single-beam system threshold was correctly set. The location,

transducer orientation and time of dual-beam data collection are shown in Table B 1. On

January 13 and 20, dual-beam data were collected with the transducer aimed 35* from

vertical (00 = straight down), the same orientation as the 150 oblique transducer. On

January 28 and February 22, side-scan data were collected at a 900 vertical aiming angle

and used to evaluate the population being sampled by the horizontally-aimed 6* X 12'

elliptical transducer. After February 22, all data were collected with the transducer aimed

straight down, at a Q* vertical aiming angle. These data were used to estimate the acoustic

size of the population directly in front of the intake and to evaluate any changes in target

strength distribution with respect to hammer operation. This orientation also provided the

least variable estimate of the population target strength.
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Table BI. Dual-beam sampling schedule, Indian Point Unit 3, 1988.

Date St. Time End Time Tape # Location Orientation

1/12 1328 1533 1 35 35P
1/20 0900 1107 2 35 350

1/28 1335 1540 3 35 900

2/22 1700 1955 4 35 90W

2/22 2000 2244 5 35 90r

2/23 1745 2041 6 ,35 (F

2/24 1015 1220 7 35 0P
2124 1915 2128 8 35 (P

2/24 2136 2228 9 35 a,

2/25 1130 1239 9 35 0P

2/26 0753 1100 10 35 00

2/27 0022 0327 11 35 0P
2/27 1011 1150 12 35 0P

2/27 1750 1911 12 35 a,
2/28 1405 1515 13 35 (F

3/03 0515 '0706 13 36 00

3/04 1815 1834 14 36 0F

23 Data Analysis

After dual-beam data collection was complete, the data tapes were returned to

Seattle and processed Using a BioSonics Model 181 Dual-beam Processor. The

Model 181 operates by first selecting only single target echoes based on detection criteria

entered by the user. Returns from noise, structure, multiple echoes, and other non-fish

targets were excluded from the output data, which was dumped to an IBM-compatible

computer file. These files were then analyzed using TS, a BioSonics software program,
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which outputs target strength distribution by depth. Comparisons between different

conditions and locations were made by combining the appropriate input files.

Fish detections in the first 1.3 m from the transducer were not used for target

strength calculations, as an accurate 40 log R amplification is not applied within this range.

Transducer sampling ranges varied with mount orientation, with 6.5 meters range on the

vertical mount, 9 meters on the oblique, and 40 meters range on the side-scan mount.

Changes in target strength with depth on the vertically-oriented transducer were evaluated at

1 m intervals. The mean target strength over the sample range was used to evaluate system

performance at the other two orientations.

3.0 RESULTS

Data were collected on January 12 and 20 with the transducer aimed obliquely into

the river 350 out from vertical (00 = straight down). This information was analyzed and

used to evaluate the target strength of the population sampled by the 150 oblique single-

beam transducer. The axis of this transducer intersected the bottom about 5 m out from the

intake trashrack. The mean target strength of the population on January 12 was found to be

-41.02 dB, while on January 20 a mean target strength of -48.97 dB was observed,

indicating smaller fish were present on the latter date (Table B2). Both values were

significantly greater than the -60 dB minimum detection threshold of the single-beam

system, indicating that all targets of interest were acoustically visible.

The dual-beam information acquired on January 28 and February 22 was used to

assess the detection threshold of the side-scan transducers. On January 28, a mean target

strength in side-aspect of -46.70 was observed. This result was 4 to 6 dB larger than the

two samples acquired on the evening of February 22, which showed target strengths of

-50.63 dB and -52.15 dB. All of these values are well within the -60 detection threshold of

the hydroacoustic system.

Between February 23 and March 4, data were collected with the transducer aimed

straight down at a 00 vertical aiming angle. This orientation provided the least variable

estimate of target strength distribution as fish are more uniform reflectors when ensonified

in dorsal aspect. At other aspects, small changes in orientation may result in significant

changes in target strength. For this reason, data collected at different aspects should not be

compared with one another.
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To evaluate changes in the acoustic size of the fish population over time, dorsal
target strength estimates were grouped on a daily basis. These values are presented in
Table B3. Dual-beam data collected during periods of low fish activity were not included.

Table B3. Mean Target Strength vs. Hammer Operation, Indian Point Unit 3, 1988.

Seq # Date St. Time End Time Hammers On/Off Sample TS

1 2/23 1804 1822 Off 228 -50.60
2 2/23 1822 1837 1&3 On 172 -50.02
3 2/23 1915 1941 Off 103 -50.21
4 2/23 1941 1959 1&3 On 222 -49.24
5 2/23 1959 2015 Off 524 -52.42
6 2/23 015 2026 1&3 On 828 -52.14
7 2/23 2026 2041 Off 590 -52.09
8 2/24 1923 1957 Off 552 -50.50
9 2/24 1957 2010 M&3 On 627 -52.94
10 2/24 2010 2128 Off 817 -51.23
11 2/26 0756 0806 Off 439 -49.20
12 2/26 0806 0810 1,3&5 On 506 -50.88
13 2/26 0810 0814 Off 222 -50.56
14 2/26 0814 0817 5 On 274 -50.03
15 2/26 0817 0822 &3 On 482 -51.19
16 2/26 0822 0828 Off 596 -50.43
17 2/26, 0828 0835 1&3 On 57 -50.73
18 2/26 0825 0849 Off 143 -51.07
19 2/26 0849 0859 1,3&5 On 670 -49.32
20 2/26 0859 0924 Off 2221 -49.57
21 2/26 0924 0934 1,3&5 On 2191 -50.22
22 2/26 0934 1007 Off 3574 -49.73
23 2/26 1007 1017 5 On 723 -50.33
24 2/27 1750 1800 1,3&5 On 2066 -51.60
25 2/27 1800 1810 Off 1358 -52.28
26 2/27 1810 1820 1,3&5 On 584ý -51.23
27 2/27 1820 1830 Off 786 -51.44
28 2/27 1830 1840 1,3&5 On 2297 -52.00
29 2/27 1840 1851 Off 616 -50.92
30 2/27 1851 1900 1&3 On 724 -50.83
31 2/27 1900 1910 Off 643 -51.74
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The mean observed target strength of the population did not change significantly
over the 11 day sample period (Table B3). The average acoustic size of the fish were also

similar between Intakes 35 and 36, with measured target strengths between -50.0 dB and
-52.4 dB. A target strength of -51.0 dB would correspond to a fish length of 5.0 cm,

using Love's equation, an empirical relationship relating average dorsal-aspect target

strength to fish length (Love 1971).

Average target strength comparisons were also made between individual hammer on
and hammer off treatments to evaluate if the mean acoustic size of the population was

different when the hammers were operating. This might indicate a size-dependent or
species-specific response to the hammers (Table B4).

However, mean target strength over the test period did not appear to be correlated
with hammer operation. The observed values were consistent, between -49.20 dB and
-52.94 dB, and consistant changes in response to hammer operation were not observed.

The average target strength of fish in the smaple area appeared to be similar, regardless of
hammer condition. This does not necessarily indicate that the same population was present

during hammer-on and hammer-off treatments. If the size distribution was fairly
homogeneous across the intake, movement through the acoustic beam could occur without

significantly affecting the observed mean target strength.

Table B4. Mean Target Strength by Day, 2/23 - 3/4/88, Indian Point Unit 3, 1988.

Date St. Time End Time Tape # Location Mean TS

2/23 1745 2041 6 Intake 35 -51.60
2/24 1015 1220 7 Intake 35 -50.62
2/24 1915 2128 8 Intake 35 -51.57
2/26 0753 1100 10 Intake 35 -50.00
2/27 1750 1911 12 Intake 35 -51.67
2/28 1405 1515 13 Intake 35 -51.27
3/03 0515 0706 13 Intake 36 -52.40
3/04 1815 1834 14 Intake 36 -50.67
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To evaluate vertical changes in target strength distribution in response to the
hammers, four dual-beam hammer tests were analyzed with respect to depth. These data
were collected between February 23 and 27 at Intake 35. Mean target strength values were
calculated for 5 strata between 1.3 m and 6 m range from the transducer. Preliminary
results from the vertical 60 transducer indicated some fish may have been exhibiting vertical
movement in response to hammer operation. For each test, target strength estimates were
generated in one-meter strata, comparing hammer-on and hammer-off conditions. This
was done to determine whether the acoustic size of fish was correlated with the vertical
response to the hammers. The frequency of target strength vs. depth were also calculated.
These results are presented graphically in Figures B1 through B5.

On a daily basis, vertical changes in target strength distribution in response to,
hammer operation were somewhat variable. On February 23, an increase in target strength
was noted in the upper two meters with the hammers on. However, on. February 24, larger
fish targets appeared to move out of these upper strata when the hammers were operating.
Results from February 26 and 27 were ambiguous, with similar target strengths observed
below 3 m depth and scattered fish of differing size present in the upper two strata.

When data for all four days were combined and evaluated with respect to hammer
operation, significant differences with depth were not observed. Both treatments exhibited
a general decrease in mean target strength from the surface down to 5.0 m depth and an
increase in acoustic size in the stratum nearest the bottom. The largest fish appeared to
orient at the bottom and near the surface. However, the overall size distribution was not
large. Using Love's equation, the range of observed mean target strengths, -49.05 dB, to
-52.25 dB, corresponded to mean fish lengths of between 4.3 cm and 6.3 cm.

Target strength frequency with depth was also compared to hammer operation. In
most cases, greater numbers of targets -were detected in the upper water column when the
hammers were on. This is illustrated by the 3-D plots in Figures B 1 through B5. Figures
B 1, B2, B4 and B5 show a shift in the number of targets observed towards the surface
during hammer treatments. While mean fish target strength was generally similar with

depth, more of the population was observed higher in the water.
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4.0 CONCLUSIONS

1. The detection threshold of the hydroacoustic system employed for the Indian
Point Unit 3 study in 1988 was well below the target strength of the fish
population. All fish of interest in the sampled areas were readily detected by
the equipment.

2. The mean target strength of the population was generally uniform between
February 23 and March 4, 1988; and between Intakes 35 and 36.

3. Consistent changes in target strength distribution were not observed in
response to hammer operation.

4. Bottom-oriented fish near the face of a hammer may move higher vertically in
the water column when the hammer is operating.
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Mean Target Strength by Depth 2/23/88 - 2/27/88

Depth (m)" 1.3-2.0 2.0-3.0 3.0-4.0 4.0-5.0 5.0-6.0 MeanTS

Hammers On
Hammers Off

-49.05 -50.59 -51.81
-49.58 -49.98 -51.08

-52.25 -49.91 -51.14
-51.98 -50.07 -50.58

Hammers On

a)

Hammers Off

Figure B1. Target strength vs. depth, shown with hammers on and off, for February
23-27, Indian Point Power Plant Unit 3, 1988.
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Target Strength by Depth 2/23188 1804 - 2041 h

Depth (m) 1.3-2.0 2.0-3.0 3.0-4.0 4.0-5.0 5.0-6.0 MeanTS

Hammers On -48.72 -49.02 -49.65 -52.81 -50.60 -51.31
Hammers Off -52.82 -51.94 -49.08 -52.77 -51.62 -51.84

Hammers On

Hammers Off

Figure B2. Target strength vs. depth, shown with hammers on and off, for
February 23, Indian Point Power Plant Unit 3, 1988.
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Target Strength by Depth 2/24/88 1923 - 2128 h

Depth (m) 1.3-2.0 2.0-3.0 3.0-4.0 4.0-5.0 5.0-6.0 MeanTS

Hammers On -53.35 -53.68 -50.02 -52.94
Hammers Off -47.59 -48.39 -49.22 -51.50 -51.16 -50.94

0"

Hammers On

Hammers Off

Figure B3. Target strength vs. depth, shown with hammers on and off, for
February 24, Indian Point Power Plant Unit 3, 1988.
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Target Strength by Depth 2P-6/88 0849 - 1017 h

Depth (m) 1.3-2.0 2.0-3.0 3.0-4.0 4.0-5.0 5.0-6.0 MeanTS

Hammers On -51.07 -49.49 -51.67 -49.74 -50.35
Hammers Off -54.57 -47.51 -51.65 -49.45 -49.78

0~
I.-

Hammers On

0*
0)

Hammers Off

Figure B4. Target strength vs. depth, shown with hammers on and off, for
February 26, Indian Point Power Plant Unit 3, 1988.
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Target Strength by Depth 2/27/88 1750 - 19 10 h

Depth (m) 1.3-2.0 2.0-3.0 3.0-4.0 4.0-5.0 5.0-6.0 MeanTS

Hammers On -49.60 -52.56 -52.22 -52.24 -50.11 -51.62
Hammers Off -50.25 -53.43 -52.11 -51.41 -51.74

Hammers On

Hammers Off

Figure BS. Target strength vs. depth, shown with hammers on and off, for
February 27, Indian Point Power Plant Unit 3, 1988.
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APPENDIX C:

Hammer Tests Monitored By

150 Oblique Transducer



T1able Cl. Indian Point hamuew test onittoring using 1S degree
oblique transducer located at unit 3. Intak 3S.-

Tidal Phase: At Lou tide Duration of rout: 15 nZn, hnrs 1,243
Tr~a.,.t rpe: 10 s~c on. 20 secof

Test Data: 1/2709O
Test Ti.,.: 0006

-- a an awn sn an waw assess as naSa asasnan
is nimurES DURiN TEST" PERIOD

RRHOE (weters)-

0-2 2-4 4-6 6-6
Trace
Typo Ram MF Ram MF Ra. UF Rau MF

LS 7 53 55 207 61 203 36 69:

SA. 0 a o 0 0 0 0 0 0

thC a 23 23 87 48 ]20 13 25:

UM 0 0 0 0 0 .0 0 0

Total 10 76 To 294 129 323 49 93 1

2
IS niNUTES AFTER TESr PEInOD

RANGE C(etersmb

0-2 2-4 4-6 6--
Trace
T-jpe Ram iV Ra;7ilFF Rw h. F RaMa UF

LS 14 107 51 230 4r 118 3s G?

SL 0 0 0 0 0 0 0 0 1

NC 1 a 26. 98 s0 201 33 63:

aN 0 0 0 0 0 0 0 0 z

Total 1i 11i 87 328 127 319 so 130

2
Total

Ram NF

179 531

a 0

0? 2SS
0 0

255 785

2

Total

Ram ULF

15s 522

0 0

140 370

0 0

297? 92

CHI -SQUARE F-Hur
FOR 2 TEST PERIODS

Row NV
160 527

o a

114 313

0 0

202 039

CHS -SQUAtE UALUE

FOR 2 TEST PERIODS

Ram..

LS 1.440 O.01?
SL --- ---

Hc 12.374 21.160

ToTrA. 1.•07 6.596

CHI--SQUARE - 3.641
(d.f. - 1)
<alpha a .05)

CHI -SQUARE
F-•lAT 0-2

Ram NV
LS 11 on
SL 0 0
HC0 2 16
Mu 0 0
TOTAL 13 96

CHO -SQUARE
VALUES 0-2

LS 2.333 10.22S
SL .. ..
NC 1.000 7.2SO

TOtAL 1.000 7.953

2-4

Ras MF
s8 21S

0 0
25 93

0 0
93 sit

2-4

Ram ISV
0.310 1.211

0.184 G.6S4

0.491 1.09•

4-6

Ram 1W
54 11

0 0
54 151

0 0
128 321

4--

Ram MF
9.031 22.508

0.000 20.439

0.015 -. 029

-'-S

Ram 1F
36 Go

0 0
23 44

0 0
59 112

6-8

Ram MF
0.014 0.007

8.696 1S.409

) Range bin obrtructn d byj echograw nolsp.
2> Kupaxors presented are a "Innluu u.etination for text periods.



rable C2. Xndi4M P9int bhaPMer test Monitoring u~itq1S ~"
obli quoi tr ans4iCer locatod at unit 3. Itk 5

Tidal Phase* 2 irz after
High Tide

Duration of Test: 10 min Or S1 only
Troatmnet T•bp: 10 swc on 20 sac off

Test Date: 2~4/
Test Tim*, 0100

10 rINUTES BFORE Tsr PERIOD
RA• ter)-

0-2 2-4 4-6 6-8
Trace
Tpe Ru MV Rai Rau M Ram hF

LS 0 0 1 4 4 10 2 4:

SL a 0 0 0 1 3 0 0

Nc a 0 a 0 a 0 0 0:

Uo a a 0 a 0 0 0 0:

Total 0 0 1 4 S 13 2 4

1o nimJuES DURImz TEST PERIOD 2RGE(us4.t..rs•

0-2 2-4 4-i 6-6 2
Trace -
Type Ram MF Ram MV Rau F14 RB.. M

LS 0 0 3 11 20 so a 4:

S. 0 0 0 0 1 3 0 0:

HC 0 a 0 0 0 0 0 0

MM 0 0 0 0 0 0 0 0

Total 0 a 11 i 21 63 2 4 2

10 nINUTES aFTER TESt PER1oo
RANGE Coeters)-

0-2 2-4 4-6 6-S
Trace --- ---
Type Rau MF Ba. Ma F Ra MV Raue MF z

LS 0 0 a 0 a 2 4 a2

SL 0 0 0 0 0 a 0 0 3

NC •1 4 1 3 1 2

UM 0 0 0 a 0 0 0 0 1

Total a 1 4 9 23 ; 10 2

Total
Rae MV

? 18

1 3
0 0

0 a

B 21

Total

R46 625 65

1 3

0 0

0 0

Total
IRae. HF

12 20

0 0

4 1?

0 4
is, di

CHI[ -SQU~RRC F ýT
FO 3 eirST PEIIOoS

Ram. MV_

is 3T

S1

1?

2

0

44

OHI-SOURRE UiLU"S -
FOR 3 TEST PEIaODS

LS. 10.)3o 33.1*3

SL *.000 3.000

mC 12.000 31.167

TOA
TroTat. O.50' 2?. 136

Cii! -SUARE - 5. 1.u
Cd.f. - 2>
(alpha - .OS)

CHI-SQOURE
F-a T 0-2

LS 0, 0'
SL 0 0
94C 0 3
MU 0 0
TOTAL 0 3

CHI-SQUARK
IMLUES 0-2

Ram M"
LS -- -
SL - -
NC - 13.333
141 --- --
UON 1.3

2-4 4-6-

Rae MF Ra. HF Ra&" M
1 5 11 2? 3 5
0 0 1 2 0 0
0 1 0 1 0 I
0 0 0 0 0 0
2 6 12 30 3 6

Rae UF
6.000 12.400

- 12.000

0.500 6.500

4-'G

Ram MV
11.636 31.211
0.000 3.000

-- 6.000

10.563 ?.9000

Ram W

0.000 3.200

2.000 4.000



rabl a C3. Indian Point hammer test monitoring ustn? IS do 00
obli que transducer located at unit 3. 1.n 4k. 3S.

Tidal Phase: 2 Hrs after
High ride

purotion of Trst: 10 win Hw S only
Treatnont T Wypo: 10 sc on, 20 uec off

Test Oat.: 2"4f0
rToot Time: 0140

S. . T .I .• . . . . .i. . . . . S U RE-.

RANGE <"term>

0-2 2-4 4--5 6--
Trace - ---
Tqlip Rau MF Rasa UF Ratu MF Rau MF

LS 0 0 1 4 is 38 2 4:

SL 0 0 0 0 0 0 0 0

NC 0 a a 0 1 3 a 0 z

MM o a 0 0 0 0:

Total 0 .0 1 4 1i 41 2 4 z

10 nemuTEs DuRiNG TEST PERIOD

RANGE (weot.-)o

0-2 2-4 4-5 6--

Ty.lpo Rau MF Rau MF Rau MF Rau 1W

LS 0 0 3 11 is 20 r 13 1

SL 0 0 0 a 1 3 0 0 :
NC 0 0 0 0 0 0 1 2 5

MU 0 0 0 a 0 0 0 0:

Total 0 0 3 11 12 31 a 1i

0o nHiurcs AFTER TEST PERIOD
RANGE <wOtors)

0-2 2-4 4-'6 6-
Trace
Tylpo Rau MF Rau MF Rau 1W Raau :

LS 0 a 2 a Is 20 21:

SL 0 0 0 0 2 5 0 0

NC 0 a 0 0 0 0 0 :

MM 0 0 0 0 1 0 0 0:

Total 0 0 1 0 14 3, 11 21 a

Total

Rau MF

10s 46

CUT--SQUAIRE F--Hft .
FOR 3 TEST PERIODS

Rau MF

21 51

1 30

1
0
3$ I

0

2
10 0

19 49

Total

Ra" MF

21 52

1 3

1 2

0 0

23 S?

Total

Rasa MV

24 5?

2 5

0 a

1 a
2? 65

23 6s

c€--SOURRE &ALUE
FOR 3 TEST PERIODS

Rau HF

LS 0 .6ST 3.216

54L 2.000 3ý.333

NC 0.000 1.600

im - 6.000

TOTAL 1.391 6.339

CHI4-SQUARE - 9.091
c4.f. - 2)
<alpha .05).

CHI-SOUARE
F-HAIT 0-2

Rau 1WLS aSL 0
Mc. 0NC 0MM 0 .
TOTAL 0

CHI -SQUARE•
UALUES 0-2

Rau MV
LS - -

SL .. . .

TOTAtL --

0
0
0
0
o

2-4 4-6 6-4

Rasa M Raw UF RAw MV
2 S 12 31 . 13
0 0 1 a 0
0 0 0 1 0 1
0 0 0 1. 0 0
2 . 14 36 r 13

2--4

1.000 2.12S

1.000 2.125

4-'

Raw HP
1.91? 3.161
2.000 3.333

- 5..000
- 5.000

0.571 1."90

6-9

RaM MV
4.0S?' 10.154

- 2.000

6.000 12.462



Table C4. Indlian Point hamomw test nonitoring ustns 16 degree
oblique transducer located at unit 3. 1n ak* 35.

rifda Phase: 2 hrs after Duratio o.f rest-: 10 udn HNpr 6 on~lHigh ride Treatnent Trpo; 1o se. o., 30 .. off
rest "ato: 2.,4/00
Test TiN&: 0200

sseoaa..~aaflcflaainaaaaanasa
to n:uurs~c nirnun rr~r womb

Cm-SQUARE 
F-HAT

RANIGE <owters),

0-2 2-4 4-6 --8
Trace -- 1.
Trup R4. W Ram HF" Ram .F R&" W z

LS a 0 3 it 9 23 $1 21:

SL 0 0 0 0 0 0 1 2

NC 0 0 0 0 3 0 0 0

Im 0 0 a 0 0 a 0 0 *_

Total 0 a 3 11 12 3i- 12 23 z

10 mI[TES AFTER TEST PERIoD
RANGE 0wetos> r

0-2 2-4 4-6 6-0
Trac
Type Ru.. HF Rae MF Rau' UF R&" MF

LS 0 0 3 i s 15 9 1?:

St. 0 0 2 0 0 0 0 0

NC a 0 2 a 3 6 1 2 1

um 0 a 01 0 1 0 00 a

Total 0 0 7 2? 10 26 10 19

CHI -SQUARE
F-HAT 0-2 2-4 4-6 --0

Rae MF Rau • F Ra. . F Rasa HF
LS 0 0 3 11 6 19 10 1i
SL 0 a 1 4 0 0 1 1
mC 0 a 1 4 3 a I i
Mu 0 0 0 0 1 2 0 a
TOTAL 0 0 S 19 1 29 11 21

CHI -SQUARE
UALUES 0-2 2-4 4-6 +-6

Ram MF R40" SW Ram HF Rae SF
LS .. .. 0.000 0.000 0.6100 1.604 0.200 0.421
SL --. 2.000. 4.000 - -- 1.000 2.000
14C .. .. 2.000 8.000 0.000 0.000 1.000 2.000
MM .. ..- - L.000 3.000 --
TOTAL -- 1.600 6.713? 0.182 0.439 0.102 0.381

Total

Ram HF

23 66

1 2

3 0

0 0
2? 66

Totat

Ram HF

16 43

2 6

1 3
2? 72

CHI-S- AR F-HAr
FOR 2 TEST PERIODS

21 49

2 S

5 13
1 2t

CRT -SQUARE UALUE

FOR 2 TEST PERIODS

LS 0.610 1.469

SL 0.333 3.600

tiC 1.000 3.646

164 1.000 3.000

TOTAi. 0.000 0.360

cm-SQUARE - 3.,41
(d. f. 0
<a.Ip, .'- . 0



Table CS. Indian Point ham.wr test monitoring using 15 degree
oblique transducer located at unit 3. intake 3S.

Tldal IPhas.; 2'5 Wr after Duration of Test: 10 "In Nou 5 nly
H4gh ride Treatment flyp: 10 s4c on. 40 sec off

Test Date%
Test ripMe

2/4/08
0220

10 nINurEs DURING r~sr PERIOD

0-2 2-4 4-4 6-8Trace--
Type R4m MF Ra&" U Ram -M Ram UF 1

LS 0 0, 2 a 1 23 1 2:

SL 0 0 0 0 0 0 1 2

NC 0 a a 0 3 0:

Mm 0 0 0. 0 0 0 0 0:

Total 0 0 2 a 10 26 2 4:

io nimUrES AFTEr TEST PIzoo
RANGE (oters)>

0-2 2-4 4--6 6-8
Tracw -
Type Ra& SW Ra MU Re" S' Ram UF I

LS 0 0 0 0 * ao 2 4:

SL 0 0 0 0 0 0 0 0:

NC 0 0 0 0 0 0 3 1.

0M 0 0 0 0 1 3 0 0 2

Total 0 a a 0. 9 23 10 s

Total

fsa. MV

12 33"

1 2
* 3

0 0

14

Total

Ito" M.

10 24

a a

3 £

]14 33

CU1 -SQA•RE F-NAfT
FOR 2 TESr PERIODS

11 29

I2 5;

1 2

14 36

CHI-SOURRE UIALUE

FOR 2 TEST PERIODS

Ma~ UP

LS 0.S10 1.421

SL 2.000 2.000

hC 1.000 1.000

"m5 1.000 3.000

TOTAl 0.000 0.352

CHI-SQUARE - 3.041
(d.f. -
Calpha -- G

CMI-SQUARE
F-HaT 0-2

Ran IPF
LS 0
SL 0
NC 0
mu 0
TOTrL 0

CHI -SQUARE
UWULUES 0-2

LS - -
SL - --
NC .. ..

0
00
0
0

2-4

Ram SF
1 4
0 0
0 0
0 0
1 4

2-4

Ran M1
2.000 0.000

4-6

Rus' UP
9 22
a 0
1 2
1 2

10 25

5--0

Ram 5W
2 3
1 z
2 3
0 0
4 7

456--8

RMn MV Raw MW
0.059 0.202 0.333 0.",6?

- - 1.000 2.000
1.000 3.000 3.000 6.000
1.o00 3.000 - -
0.053 0.184 1.20G 2.571TOTAL .. .. 2.0O0 G.000



Table CG. Indian Point hammer test monitoring using IS degree
oblique tronsduceir located at unit 3, intake 3S.

Tidal PhaseS 3 Hr after Duration of rest: 10 stn "Hr S only.
Nigh Tide Treatment Two: 20 sec on. 20 SeC Off

rest Datoe 2'4.0"
test Time: 0240

IwR- ý qpll ....lll II i I IIIlll alll~llllD lsBI Im • ••U n •• B

10 [lflUrES 99JRING TEST PrimOD It*~860 (neters)

0-2 2-4 4-6 6-8Trace ----

ryp* RBa MF Raa. MP RBau i4F Raba IF

LS 0 0 2 8 s o8 1 2:

SL 0 0 a 0 0

NC 0 0 0 0 0 0 0 0

u1 0 0 0 0 1 3 0 0

Total 0 0 2 0 8 21 1 2

t0 miUUT£S AFTER TrEs PEIzOo

cmE .ete":O

0-2 2-4 4-6 6-0rrace
Typ. RBa4 IV RBa. MF Rau UP Ram Mi F

I.S 0 a 1 4 2 S 0 0

St. 0 0 0 0 0 0 2 4

NC 0 0 0 0 0 0 1 2:

MM 0 u 0 0 1 3 0 0

Total 0 a 1 4 3 0 3 6

Total

Bam" MV

10 20

0 0

0 0

1 3

It 31

1otal
Raba 6F

a 4
I *

1 3
1 1

CHI-SQUARE F-HAfT
FOR 2 TEST PEat[OOS

Ram M1

is1

£

I

2.
I

1 3

.3 26

CH -SQUARE VALUE

FOR 2 rESr PEtiOos

Ram UF

LS 3.769 9.15?

SI. 2.000 4.000

NC 1.000 2.000

um 0.000 0.000

TOstA. 0.0" 3.449

HI--SQUARE 1 3.841
(c4.f. I)
CalPha ..M&-)-

CHI -SOUABE
F-bmr 0-2

LS 0 aSL a a
NC 0 a
MM 0 a
rolAI.. 0 a

CHI -SQUARE
UALUES 0-2

RaS 1 MF
LS - --SL
Mc
TO ---AL

2-4 4-6 6-0

Ram l Ran UP anta I9F
2 6 5 12 1 1
0 a 0 0 1 2
a 0 0 0 1 1
a 0 1 3 0 0
2 6 a is 2 4

Ram M1
0.333 1.333

0.333 1.333

4--6 6--8

Rau n F ItUa i4F
2.7T0 7.340 1.000 2.000

- 2.000 4.000
- - 1.000 2.000

o.000 0.000 - -
2.2T3 5.020 1.000 2.000



Table C7. Indian Point hae..r test nonitorting uxi% IS degre
obliquo tranzducor located at unit 39 inteke 35.

rlndal PhaTeT

10O fl[NUTES DAURINO TEST PERI•OD

2 Hr before Duratimo of Test:
Lo. Trid Treatment TWPe

IS DEGREE OBLIQUE

10 de, Mr f ofblv
20 =e on, 30 Sec off

Teost ato:
Test TiM.:

034B003000
.... ý-M ......

Trace
Typo

0-2

Ram MF

2-4

R4"4 MV

RAE Cwters)

Raou MF am
6-0

14 1e

LS 0 0 6 23 2 5 0 0

SI. 0 0 0 0 0 0 a a

HC 0 0 0 0 0 0 0 0

u 0 0 0 0 0 0 0 0

Total 0 0 6 23 2 9 0 0

10 MINUTES AFTER TEST PERIOD
RANGE (aoeteis3

0-2 2-4 4-G. 6-9
Trace
type Ram. M Rau MV Rau LW RW&" ,1

LS 0 0 a 0 6 is 3 6

SL 0 0 a 0 0 0 0 0

NC 0 0 0 0 0 0 0 0

0M 0 0 0 0 0 0 0 0

TotaL 0 0 0 0 G is 3 a

Total

Rea MVF

8 20

0 0

0 0

0 0

* 2I

Total
Ram 61F
Ro MV

0 0

0 0
0 0

B 21

CHI -SQUARE F-MAT
FOR 2 TEST PERIODS

RA•a UF

9 2;

0 0

0 a

0

9l
0

26

CHI-SQUGRE UALUE
FOR a TEST PERIODS

Rau MF

LS 0.0s9 1.000

SL - --

TOTAL 0.059 1.000

CHI--SQUWEC - 3.841
<dpf. i-L)(elpiac - .05)

C0I -SOUWRl
F-HaT 0-2

Rao UV
LS 0
SL 0
NC 0
MM 0
TOTAL 0

CHI -SQUCRE
UhLUES 0-2

Ron MV
LS - --
SL .. ..
eC .. ..ULa .. ..-

0
0
00
0

2-41

Raow MF
o 12
0 0
0 0
o 0
3 12

2-4

6.000 2".000

4-'

Ram MF
4 10
0 0
0 a
0 0
4 10

4-6

Ron MV
2.000 5.00•

2.000 5.000

6-9

Ram MF"
2 3
0 0
0 0
0 02 3*

6--0

3.*a MO
3.000 6.000

3.000 6.000rMTOTAL - -- 6.000 23.000



rabi.* CO. Indian, Point hama..v toot woeltoring usin IS d&eoe
obliquo transducer locat*d Abt unilt 3. 1 " ak. 35.

rid&L Pbh.lz 3 Hr befor Durawtiou of reot: 10 win Hnr S 4.- ...l €
Lom TAde dreatm•ent •Upe: 20 sec on. 40 sC off

Test Oat*:
Test Ttmo:

2e4/.0
0320

*fSinnaSSflbSSSbSSSflaaSS
10 lIN"[TES DURI NO TEST PER.OD RANG (metevs•

0-2 2-4 4-- 6-8TraJce---- ---

T.p. Ram MVF RPam F Ram I4F Rasa MV

LS 0 0 1 4 2 5 4 0

SL 0 0 0 0 1 3 0 0 1

Mc 0 0 0 a 0 0 0 0

"M 0 0 0 0 0 0 0 0

Tot&& 0 0 1 .4 0 4 a

1o nhmJmT.s AFtEa TEST PERz D
RAGE c..te.r-s)r

0-2 2-,4 4--

Sup* Ra MV Rim MF Raa" MF RAM UF

LS 0 0 0 0 3 a 3 6 f
S

SL 0 0 0 0 0 a 0 0 1

c a 0 o a 1 0 0 1

MM 0 0 a 0 a a 0 0:

aot.& 0 0 0 0 4 11 3 6 1

rotal

Ram MF

7' 17

1 3S

0 0

O s

S 20

Tota~l

6 14

a a

1 3

a a
S I?

CHI -SQUARE F-HRT
FOR 2 TEST PERIODS

RM4 Mi

I
I

0

2

2

0

0 -• 10

CHI--SQUfRE UALUE
FOR 2 TEST PERIooS

Pa.. MV
i~s O.01"y 0.200

SL 1.000 3.000

Mc 1.000 3.000

TOTAL. 0.067 0.243

CHI-SQUARE - 3.041
Cd.f. - 1)

,alpha - .GE>

CHI -SQUARE
F-I•AT 0-2

Raw MV
LS 0
SL 0
NC 0
MW 0rOy•i. 0

CHI -SQUARE
UALUES 0-2

Ram4 MV
LS .. ..
SL .. ..
NCL - --hI - -

0
0
0
a

2-4 4..4 6-

Raw MF Ram MV a. m UP
1 2 3 7' 4 7
0 0 1 2 0 0
0 0 1 2 0 0
0 0 0 0 0 0
1 2 4 10 4 7

2-4

sao MF
1.000 4.000

1.000 4.000

4-6G

0.200 0.692
1.000 3.000
1.000 3.000

0.143 0.474

-S-

Ram UP
0.143 0.286

0.143 0.206TOTAL



Tablw C2. 'Indian Point haitwer test meonitorin~g usin 16 degree
oblique transducer located at unit 3. intake 36.

Tidal Phase: 2.5 HIr before Ouration of Test: 10 min H.mr S only
Loba Tide - Treatment Tpw:. 30 sec on. 20 sec off

Test Date:
Test Time:

204j08

1 -- -- R-Na i - - - - -- - -

10 MINUTES DURZINO TEST PERIlOD
RANGE (neters)

0-2 2-4 4-.'6 6-Trace-

Type Rama RF Ram NV as" WI 04w UV

LS 0 0 0 0 6 20 11 21:

SL 0 0 0 0 1 3 0 0:

aC 0 0 1 4 0 0 1 2:

a1 0 0 0 0 0 0 0 a:
.Total 0 0 1 ,4 9 23 12 .23

10 MINUTES AFTER TEST PERIOD
IEffNSE (eeteva)

0-2 2-4 4-6 6-0
Trace -- ---- --- --

Type .. w .. Raw RAM R UF IltRam ip

LS. 0 a 0 0 3 a 7 13:

SL 0 0 0 0 1 2 0 0

HC 0 0 0 0 0 0 1 2:

MO 0 0 0 0 0 0 0:

Total 0 0 0 a 4 11 0 is

Total
Raw MV

19 41

1 3

2 •

0 0

22 50

Total

10 21

1 .

1 2

0 a

12 2a

CHI--SQUARE FNATr
FOR 2 TEST PERIODS

Rasa N

is 31

1

2

0

17

3I
,4

0

30

CH6 --SUARKE VALUE
FOR 2 TEST ,PEIiOS

Ram UF

I.S 2.793 6.492
SL,. 0.000 0.000

NC 0.333 2.000

mud -- -

TOTAL 2.S41 7.6"9

CHI--S•UARE - 3.I41
(d.f. - 1)
(alpha - .06)

CHI -SOUAIE
F-HAT 0-2

LS 0
SL 0
NC 0
ki 0
TOTAL 0

CHI -SOLURS
UALUES 0-2

Ram M
LS - -SL$ -- ---
SL -- --

TOTAL - --

0
0
0
0
0

2-4 4-6 6-0

Ras& NF Raw WV Raw U
o 0 a 14 9 17
0 0 1 a 0 0
1 2 0 0 1 2
o a 0 0 0 0
1 2 7 17 to 1i

2--4

Ram NV

1.000 4.000

1.000 4.000

4-.6

Ram Mv
&.273 5.143
4.000 0.000

1.'923 4.236S

6-0

Raw NV
0.009 1.002

0.000 0.000
016001.684



lable CIO.. Indian Point hatewov test monitoring us&n 19 dogrow
oblique, transducer located at unsit 3. In=4.e 35.

Tidal Phas*e 2 HI- before
Lou Tide

Duration of rest: 10 win HNw 9 onIV
rreratmnt TUg..: 30 mec on. 30 soc off

rest oate*: 2"4,o
rest Time: 0400

insm nimuasmlmno TElSTr"10na0 n afla SaflSS lsxa rnr[wr~is DU1RXt4 TEST lERI•OD

0-2 2-4 4-6 G-8
rrace --
Tupe Ra. MV Ra. MF - Raw aF Raw MF

LS o 0 0 0 3 a 3 1.

SL 0 0 0 0 2 5 0 0

Nc a a. 0 0 3 0 0 0

oU 0 0 0 a 0 0 0 0:

Total 0 0 0 0 S 21 3 6

10 nINUTr.S NTER TEST PEsRIOD
RAEOC (mteers)

0-2 2-4 4-6 .6-0Trace -----"-

Tug. Ram. MVF RIt,•, MV It~iFRau R. M :

LS 0 0 2 a 12 30 9 17:

SL 0 0 0 0 0 0 0 0

MC I a 1 4 0 0 0 0

1dM 0 0 0 0 0 .0 0 0

Total 1 0 3 12 12 30 9 1? 2

Total

Rae. MF

6 14

2 5
3 0
0 0

11 27

Total

Roem MV

23 ss

a 0
2 12

0 0

25 67

CHI--SQUARIE F--HAT
FOR 2 TEST PERIOS

Ra4 Mr-

1 36

3 10

0 0

10 47

CHI-S-0UE UALUE

rOR a TESTr PasOOs
Rae. lIP

LS V.966 24.362

SL 2.000 S.000

he 0.200 0.000

TOTAL 5.444 17.021

CII-SQUARE - 3.941
<d.f. - 1)
<alpha - .05)

CHI -SOUARE
F-HAr 0-2

Rae. UF
LS 0 0
SL 0 0
NC 1 4
MM 0 0
TOAL. 1 4

CHMI-SOUSRE
UALUES 0-2

Rat4, MF
LS ---
SL - --
NC 1.000 6.
MNI -- -!,i
Frmv~ 1.000 8.000

2-4 4-6 6-0

RAM. MV Rae. MV Rae. M
1 4 a 19 6 12
0 0 1 3 a 0
1 2 2 4 0 0
0 0 0 0 0 0
2 6 10 26 6 12

2-4

Rau . S"
2.000 0.000

1.0010 4.000

3.000 12.000

Ram. lI
5.4100 12.?37
2.000 5.000
3.000 0.000

0.900 .-See

6-*

3).000 5.261

31.000 5.261



Table CiI. Indlan Potnt hanner test Nonitortng usni 16 degree
oblique transducer located at unit 3, Intake 35.

Tidal Phase: 1.5 Hr before Duration of rTst: 10 min Hman 5 only
Lo.4 Tide Treatn•ent Type.: 30 sec on, 40 mOc off

Test Date: 2/4/.0
Test Tine: 0420

-inainflaassflaanasnafarnaanaasn
10 nIIUTES DURINO TEST PERIIO0

RANGE <weters>

0-2 2-4 4-6 6-9
Trace -- ----
Type Ram F Rau 1 Ram HF Ram F Z

LS 0 0 0 0 S 23 11 21:
C

SL 0 0 0 0 2 5 0 0:

.e I 0 0 0 0 0 1 2

"m 0 a 0 0 1 3 0 0o

Total I a 0 0 12 31 12 23 1
• S

10 mmNUTms AFTER TEST PERIOD
RAN" (utwrs)- Z

0-2 2-4 4-6 6-9 :
Trace . "-
Type Rau 1VF Ram MF Ram IF R*a" VF z

LS 0 0 1 4 a 1i 11 21:

SL 0 0 0 0 1 3 0 0 :

NC 0 0 0 0 0 0 0 0O
114 0 0 0 0 0 0 0 02Z

Total 0 0 1 4 7 .10 i1 21 z

Total

Ram HF

20 44

2 5

2 1o
1 3

25 62

Total

Rau. HF

18 40

1 3

0 0

0 0

19 43

CHI-SQUARE F-4-1T
FOR 2 TEST PERIODS

Ram 1F

is 42

2

I

IL

*2

:4

2

53

cm[-SOUARE VALUE
FOR 2 TEST PERIODS

U.S 0.10S 0.190

SL 0.333 0.500

NC 2.000 LO.OOO

mu &.am0 3.000

TOTAL 0.318 3.438

CHI-SCUM", - 3.841
ed.f. - I)
(alpha " .05)

CHI -SQUARE
F-HAT o-2

RaU H
LS 0 a
SL 0 0
NC 1 4
mU 0 0
TOTAL 1 4

CHI -SQUAR
VALUES 0-2

Ram HF
LS -
SL
KC 1.000 8.000
mu -- --
TOTAL 1.000 6.000

2-4 4-6 6-0

Ram. 1S Rau HF Ram. MF
1 2 a 1s 11 21
0 0 2 4 a 0
0 0 0 0 1 1
0 a 1 2 0 0
1 2 1t 2S 12. 22

2-4

Ram~ HF
1.000 4d.000

1.000 4.000

0.600 1.684
a.333 0.600

1-000 3.000
1.31o 3.449

6-a

Ram HF
0.000 0.000

1.000 2.000

0.043 0.091



rabl. C12-. Indian Point hammer test meonitoring using 19 degree
obliqu& transducer located at unit 35 intake 35.

Tidal Phase: 3 hrs befoc° Duration of Test: 30 i•i, hbrs 315
1o0S tide Treatvsent Typo: 10 s"c an 20 **c off

Test D4te: 2/13WO8
Test Tiwe: W04?

............. . ........ ...•.. . ..........m .am.....mm....mmmm mmmmi30 NIIHUTES BEFORE TEST PERIOD

RANGE <(meters)

0-2 2-4 4-6 6-8

Tqp- Ram UF Ram UlF Rale kiF RaI MF

LS 6 46 8 30 42 105 14 2?:
SL 1 8 0 0 0 0 .0 0

MC 0 0 0 a 1 3 0 0 z

mn 0 0 a 0 0 0 0 0

Total 7 54 a 30 43 108 14 27

20 HINUTES DURING TEST PERIOD

RANGE <meters)

•0-2 2--4 4-6 6--8 -

rrac*

Typ. Rau MF Rae MF Rau UF Rau PF

LI 3 23 23 8? 29 73 10 Is:

SL 0 0 0 0 0 0 0 0:

mC 0 0 0 0 a 0 0 0

Uim 0" 0 0 0 a 0 0 0:

Total 3 2:3 23 0? 29 73 10 19 z

10 MIUTES. rFTER TEST PERIOD
RANGE Cweters)

0-2 2--4 4-6 . 6--0 .
Trace - ------
T~lpe Rau MF Ram* MF Ram* LI Rm4 M

LS 8 61 10 38 42 OS 13 2s 5

SL a 0 0 0 0 0 0 0

"C 0 0 0 a a 0 0 0

aM 0 0 0 0 0 0 0 0;

Total 8 61 10 38 42 106 13 25

£
Total

pa" WF

To 208
I S
1

0 0
72 219

I

Total

Ram MV0

fg 202

0 0

0 a
0 0

6S 202

Total

Rau MF

73 221

0 0

0 0

0 0

73 229

CHI--SQUARE FV-m
FUR 3 TEST PERIODS

Rafig 2
63 211

0

0

0

69

1

0

21%

CHI-SQUARE VALUE
FOR 3 TEST PERIODS

Rae. MV

LS 1.478 ?.S62

53. - 13.3N33

me- 6.000

TOrTAL 3.S94 9.772

CHI-SQUARE - S.S91
<d.f. - 2>
<alpha - .05)

CHg--SOURiE
F-Hlfr 0-2

Ra" - MF
L S 6 45 L a
NC 0 0
mm 0 0
rTQrL a 46

CHI-SQUARE
VALUES 0-2

Rat 14F

LS 1.167 18.047
SL -- 13.333
NC .. ..

TOTAL 2.333 17.78:

2--4

Ram. M
14 52

a 0
O 0
0 0

14. 52

.2-4

0..SOO 35.636

9.500 3S.635

Ram UF
38 94

0 0
0 1
0 0

38 95

4-6

Raiu MF
1.9-4 8.266

-- 6.000

3-211 8-926

6-0

R am. MV
12 24

0 0
0 0
0 0

12 24

6-8

Rasa UP
1700.458

1.750 0.458

I) 14umbers presented are a mininuu estimation for test pertods.



Table C13. Indian Point han~m. toot "onttori ng using 16 degree
oblique .tr-ansduacer located at uni1t 3. intake 3S.

Tidal Phase: 3 hrt bofor. Duratten of Test: 10 "in hers !45
loss tide Treatment Type: 10 s-c 0#. 30 swc off

Test Date: 2/13/?7
Test Time*. 110?

10 IIIt4UTES DURING TEST PERIOD
10 MNIUTES DURINIG TEST PERIOD

RO•DE (wntors))

0-2 2-4 4-6 6--
Trac* -- -- - -
Tpo Ram UW Rami UF Ras a PF Ram M -

LS 0 0 54 204 54 135 45 86:

SL a 0 0 0 0 0 0 0:

tC 0 0 1 4 0 0 0 0:

"M a 0 0 0 0 a 0:

Total 0 0 55 208 ;4 136 45 AS 5

10 nIHUTES AFTER TEST PERIOD
RAENGE Cweters:)

0-2 2--4 4--6 6-0
T r a c e - - - --- w -

TWwe ItRa MF Ram 1F Ram UP Ram lIP

LS 5 308 b6 249 59 148 so 95

SL 0 0 0 a 0 0 0 0

NC 0 0 0 0 0 0 0 0 2

MI4 0 0 0 a 0 0 0 0 a

Total S 38 e6 249 6S 148 so 95

1
Total

15S3 426

154 430

I

Total
Rau UP

180 530

0 0

0 0

0 0

100 S30

CHI -SQUARE F-Hfr
FOR 2 TEST PERaGoS

Ram MF

16? d478

0

1

0

167

a

2

0

480

CHI--SOUARE URALUE
FUV 2 TEST PERIODS

Ram 6UP

LS 2.109 t1.314

SIL --

MC 1.000 4.000

eMu - -

TOTAL 2.024 10.417

CHI-SQUARE - 3.041
Cd.fp. .06)(4iLpb4a - .05)

CHI-SQUARE
F-HMr 0-2

Ram MV
LS 3 19
SL 0 0
NC 0 0
Mi 0 a
TOTAL 3 1!

CHI-SQUARE
UALUES 0-2

Ra. .F
LS 5.000 38.000
SL -- --
tic -- -
MM .. ..
TTrr.L 5.000 38.000

2-4 4-- s-S

Ra. MVF Ram LM Ram 16
60 22? 5? 142 48 S1

0 0 0 0 0 0
1 2 0 0 0 0
o 0 0 0 a 0

61 229 ST 142 40 91

2-4

Ram MF
1.200 4.470

1.000 4.000

1.000 3.678

Ram UF
0.221 0.50?

0.221 0.507

Ram OAF
0.265 0.448

0.263 0.448

1) Mubers presented are nint eje estimates for test pewro4s.



Table C 14. I ndi an Point hammow tost moni tori ng using 15 degree
oblique transducer located at unit 3, intake 35.

Tidal Phase; 2-S
Io*"

hrs before Duration. of rest; 1O min hmrrs 3&S
tide. fratnoebt rupe: 10 sec on, 40 sec off

Test Date: 021SW/8
rest Time: 112?

nn-a." ---- •ansa........ am-an . f......awn ...•|ia-------
s0 n1l4uTF" DURimG TEST PERIOD

RANGEI (neters)

0-2 2-4 4-6 6-9

Tvp* Rawu MF Rasa M1 Rau MF Rasa FP

LS 24 183 82 309 110 26 ; 181 l

SL 0 a 0 0 0 0 0 0:

NC 0 0 a a 0 0 a 0

MM0 0 0 0 0 0a

Tet•i 24 183 82 309 110 276 29 101

10 IIINUTES AFTER TEST PERIOD
RAI4OE <Vtrs)ý

0-2 2-4 4-6 S-0Tr ace !:
Tqpw M&"t MF Rau4 WF Ram UIF Ram•W

LS 23 ITS 79 298 1,12 281 110 209

SL 0 0 0 0 0 0 0 0:

NC 0 a 0 0 a 0 0:

MM 0 0 0 0 0 0 0 0 3

Total 23 175 79 298 112 281 110 209

1-Total

Raw MF

11 94.9

0 0

0 0
a 0

311 94i9

Totax

Ras MF

324 963

0 0

0 0

0 0

324 9&3

CHI -SQUARE F--HfT
FOR 2 TEST PERIODS

Rau MF

318 9S6

0 0
" 0 0

0 0

316

CHR -SGUARE VALUE

FOR 2 TEST PERIKODS

RAM MV

LS 0.266. 030

TOTAL 0.266 0.103

CHI-SGUVAR - 3.841
(d.E.. u 1)
(Alph•a - .OS

CUT-SQUARE
F-HAT 0-2

LS 24 1719
SL 0 0
hC 0 0

TOTAL 24 1T9

CHI -SQUARE
VALUES 0-2

Ram MF
LS 0.021 0.1179
SL -- --

TOTAL 0.021 O.1ir

2-4
Raw MF
81 304

0 0
0 0
0 0

$2. 304

2--4

Raw MV
0.056 0. 1"

0.056 0.199

4-6 6-8

Rso" M;W Rau "F_
a11s 279 103 19a

0 0 0 0
0 0 0 0
0 0 0 0

111 279 103 19S

1'-6

Rau MV
0.018 0.045

0.0 18 0.04O

6--8

RAM MV
1.096 2.010

1.098 2.010

") "umbers presented are minimtm nuplbe•e for test periods.



Table CIS. Indlaa Point h&"h~ test monitoring using 16 degree
obILque transducor located at uit 3, intake 3S.

Tidal Phase- 2 hrs before Duration of test: 10 min htrs 3S5
Io* tide Treatment Type: 20 sec on, 20 sc -off

Tewt Oate=
Test Time:

2 13.4'86
1147

....a . .. .. -- --- ---- Msa -- -- - -~an a ~ a a -----aaa aW - ---afla -

TT

L

IN

I

10 IImUrES DURING TESr PERIOD

0-2 2-
rrace - - -- -

pRan MF Aia

:6 6 274 84

;L 0 a 0

Ic 0 0 0

I" 0 0 a

otal " , 36 " 274 04

10 IIINU"ES AFTER TEsr PERIOD

-4

MF

317

0

0

317

RANGE Cowters)

4-6
Rau MF As'

110 276 100

0 0 0

0 a 0

0 0 0

210 276 10t

MF

0
0

0

190

Trace
Type-

LS

SL

NC

TUt
Total

0-2

Raw MUF

30 290

a 0

0 0

0 a

30 290

2-4

Raw MF

108 407

0 0

0 0

0 0

108 407

RANGE (noters)

4-6

Ram UF R4i

120 301 123

0 0 a

0. 0 0

0 0 0

120 301 123

z

1
Total

Raw •1r

330 1057

0 0

0 0

0 0

330 105?

1

Total

Rant UF

309 1232

o a
0 0

0 0

3"0 1232

6--O

'4uF

234

0

0

0

234

CHI -SQURRE F-HMA
FOR 2 TEST PERIODS

Raw. MV

360 1145

0 0

0 0

0 0

360 1145

CHII -SQUARE VALUE

FUR 2 TEST PERIODS

RtA MF

LS 4.041 13.3?40

SL - --

Mu - -

TOTAL 4.041 13.3 79

CHI-SQUARE - 3.041
(d.C. .9 1,(alpha - .06)

CRIT -SQUARE
F-•AT 0-2

Rasa MV
LS 37 282
SL 0 0
tic 0 0
MM 0 0
TOTAL 3? 202

CHI -SQUARE
VALUES 0-2

Ram MF
LS 0.054 0.4S4
SL .. ..
04C .. .
Mu .. ..
TOTrL 0.054 0.4S4

2-4 4-6 6-0

RaeI MV Ran MF Ram MF
96 362 t1s 209 1I2 212

0 0 0 a 0 0
0 0 - 0 0 0 0
0 0 0 0 0 0

96 362 115 280 112 212

2--4

Ra. MVF
3.000 11.308

3.000 11.184

-4-6

Rau MF

0.455 1.083

0.43S L.093

6-0

Rs&. MV
2.372 4.5"6

2.372 4.566

1) Numbers presented are, mlnimum estimations for tst Prt*"-s.



Table CIS. India. Point ha"q-- text m itorng "Zing 15 dewoo
oblique transdtuc.& locatod at ini t , Intake 35..

ridat Phases 2 hrm before Duration of Test: 10 "Irn hogrs 
3

OLS
lo tide Treatmernt Type: 20 s~c on, 30 sec off

Test Oate: 2/1d3/
Test Ti~es 120?

am are - ---- - - a sea ...... a -s -- nfa a m - - - a - - -- -- - ---- ---- - - - --- - -m aesn
10 NIlUTES DURING rTsr PERIOD

R"GE (meterz)

0-2 2-4 4-6 6--Trace -- -
Tll. Rm Ui Rau MV Oka" 14F Rom MV

LS 42 320 es 358 120 301 125 238 3

SL 0 0 0 0 0 0 0 0

NC 0 a 0 0 0 0 0 0 3

1111 0 0 0 0 0 0 0 0 3

Total 42 320 95 350 L20 301 12S 238 6

10 MIMUTFS AFTER TEST PERIOD
RANGE Gmeters)

0l2 2-- a--S 6-8
Trac* --
Typ* RIMVF Baum MF RBa MF Ram M =

L.S 3? 282 90 339 131 329 13? 260 :

SL. 0 0 0 0 0 0 0 0:

14C 0 0 0 0 0 0 0 0:

14a 0 0 0 0 0 a a 0

Total 37 282 s0 339 131 329 13? 260

I
Total

Ba.. UF

302 121?

a 0

o 0

0 0

382 1217

1

Total

Ram M F

395 1210

0 0

a 0

0 0

39A 1210

CHI-SQUARE F-MlRT
FOR 2 TEST PERIODS

SOS 1214-

0 0

0 ..

0

3•8

0

1214

CHI -SQUO E UALUE
FOR 2, TEST PmRIOoS

Ra& LW

LS 0.218 0.020

SL - --

TOrL. 0.210 0.020

CMI-S0URE - 3.041
Cd.f. - 1)
<Aipfta - .05)1

CMI -SQUARE
F-HWT 0-2

Ba&" MV
LS 40 301
SL a 0
Kc 0 0
Um 0 a
TOTAL 40 301

CH I-SQUARE
VALUES 0-2

Re. UF
LS 0.316 2.399
SL -- --

FarmL 0.316 2.329

2-4 4--6 6-0

Ram MF Rau VF Ram MF
93 3493 126 315 131 249

0 0. 0 0 a 0
0 a a 0 8 0
0 a a a 0 0

93 349 126 315 131 24

2-4
Rau MF

0.•3S O.Sl1

0. L35 0.S18

Rim UF
0.482 1.244

0.482 1.244

0.S 0.912

0.550 0.972

1) humbers preseted ore miniram estipistes for test periods.



1.81. C1?. Indian~ Point hammeer tout monitori ng using IS degree
obliqu4 traiosdujce, located at unit 3. int.Uce 36..

Tidal Phan*.' 1.5 he-s boforo Duration of Test: 10 eqlo heirs 365
lo.. tide rI Tcatmi.t rup*: 26 x*c oui,.4o sec off

Test oat*: 2/13=f60
Test Ttft: 1227-f ft .... . .. ... . ft . .. ..... a- - ----a w --- -- ---- ---

10 nrNUTmS DURING TEST PERIOD

TraceTupw

LS

SL

"C

Mw

0-2

Ram 1lF

45 343

0 0

a 0

0 0

2-4

Ram MF

82 309

0 0

0 0

0 0

RANGE cfete-rs)

4*l-6

Rau MF Ra

124 311 130

.0 0 0

0 0 0

a 0 0

6--8

MF

247

0

0

0

Total 4S 343 62 3019 124 311 130 247

10 nINUTES AFTER TEST PERIOD
RANGE (uietermv

0-2 2-4 4-6 6-6
Trace . .--- -

Raue Wa. - -UF Ra.. UIF - a.. R mF' Ram MF

LS 42 320 & 36.2 120 301 129 245

SL 0 0 0 0 0 0 0 0

HC a 0 o 0 0 0

UU 0 0 0 0 0 0 0 0

Total 42 320 96 362 120 01 MA 12 245

Total

381 1210

o 0
0 0

0 0

381 1210

Total

Rama li

307 1228

0 a

0 0
0 0

38? 1228

CmI-SQUARE F-HAT
FOR 2 TEST PERIODS

Ra. liF

384 1219

0 0

0 0

0 0

384 1219

CHI -SQUARE URLUE
FOB 2 TEST PERIODS

Ram MF

LS 0.04r 0.123

SL --

UN --

TOTAL 0.047 0.133

CHI-SQUARE - 3.041.
<d.f. - 10
Calpha - .05)

CHI-SQURRE
F-HAT 0-2

LS 44 332
SL 0 0
HC 0 0UW 0 0
TOTAL 44 332

CHI-SQURRE
UVLUES 0-2

Ram MF
LS 0.103 0.7t8
SL --..
NC . 0.-
TOTAL 0.1031 0.798

2-4 4-6 1-8

Ra.. MF Ram MF Ram liF
89 336 122 306 13 246

0 a 0 a 0 0
O 0 O 0 0 0
0 0 0 0 0 0

8s )136 122 306 130 246

2-4
Raa MvF

1.101 4.166

*101to 4.106

a..- M
0.061. 0.163

o. oS . 163

6-8

Ram. M0
0.00,4 0.008

0.004 0.000

1)o hueebers pvese.%ttd aro nini.,ue ostieiatos for toot periods.



Table cio. Indian Point haeor test monitortng using 15 degree
oblique tarasducer located at unit 3. intake 3S.

ridal Phase! 30 min before Duration of Test: 10 min hwrs 36S
to" tide rrat.mt t Typo: 30 sec on, 20 sec off

Test Datez 2"13 tw
Test Ti*Z: 1247

.i|Sf . ....i.lR f l SWf-B|----- --- - a s. . . .......Bn

Is nlINUTES DURING TESr PERIOD

Trace
Typo

0-2

Ramu WF

2-4

Rasa L

RAMSE (F ters)

4-6

Rau UT go

--8
U,,MV

LS 3? 282 39Z 2 121 304 110 209

SL 0 0 0 0 0 0 0 0

NC 0 0 0 a 0 0 0 0

MI 0 0 0 0 0 0 0 0

Tetal 3? 202 -S6 D32 121 304 110 209

10 MIHUTES AFTER TEST PERIOD
RANGE (w1tetrs)

0-2 2-4 4-6 6-0
Trace - w--- ----
Tope Raw mF Ran Mv Ram MF Ram UF

ITotal
R~ai Mv

364 115?

0 0

0 0

0 0

364 1157

1

Total

Ram UF

307 1244

0 0

0 0

a 0

30? 1244

CHI-SQUARE F-HAT
FOR 2 TEST PERIODS

Ram. Uv

376 1201

0 a

0 0

0 0

376 1201

CHI-SQURRE UALUE

FOR 2 TEST PEI2ODS

Ram UP

LS 0.704 .3.152

SL

TOTAL 0.704 3.152

CHI-SQJUARE - 3.841
Wd.f. - I)
<alpha - .05)

LS

SL

NC

MUl

Total

42 320

0 0

0 0

0 0

42 320

100 3??
0 0

0 0
a 0

100 37r

134 336

0 0

0 0
0 0

134 336

11ll 211

0 0

0 0
111 211

CHI -SQUARE
F-HAT 0-2

Rau MF
LS 40 301
SL 0 0
NC 0 0
mu 0 0
TOArL 40 301

CHT -SQUARE
UVLUES 0-2

Ram hF
LI 0.316 2.399
SL .. ..
NC .. ..

TOTAL 0.316 2.3*9

2-4

Raw MF
90 370

0 0
0 0
0 0

90 310

2-4

Ran UF
0.082 0.304

0.082 0.304

4-63

Rau. MF
128 320

a 0
0 0

128 320

Raw MF
o.663 1.600

0."63 1.600

6-8

Ram MF
111 210

0 0
a 0
a 0

ill 210

6-80

Ran MW
0.005 0.010

0.005 0.010

1) Nhubovs presented are minimum estimationsofor text periods.



Table C19. Indian Point haemer test monitoring using 15 doegsr
oblique transducer located at unit 3 intake 35.

ride% Phasel 30 itn before Ouration of Teat. 10 "in hms 3&S
10. tide rr.atnent Twpe: 30 Scc on, 30 soc off

Test Date: 24f 134
test Time: 1307

mlm~~~~lmmmmmmmB•H~~~~~~~~mmsn~~~~mn•~ -mm -~mm B --- - -mlil m m- m~l m~i i s -- -ll m n l lLll | | • - - - - ll~

10 nIIU1TES DUMING ;TES PER;I;

Trace
iMp.

LS

SL

KC

Mu

0-2

Ram MF
3 2 244

0 a

0 0
a 0

2-4

Ram MF

82 309

0 a

O 0

0 0

RANGE (o•nkts)

4-6

Rsam W RAI

so 226 95

o a 0

0 0 0

0 0 0

5--8

MF
191

a
0

a

Total 32 244 02 309 90 226 95 Sel

10 "INUrTES AFTER resr P.RIOD
RANGE (weters)

0-2 2-4 4-6 6-8
Trace --------
Trpe Ram MF Ram MF Ra M Rau M"

LS 24 10 r 74 279 106 256 92 ITS

SL 0 0 0 0 0 0 0 0

MC 0 0 0 0 a. 0 0 0

Mu 0 0 0 0 0 0 0 0

Total 24 183 r4 279 106 266 92 1TS

2

I
rot~as

Rlw MF

299 960

0 0

0 0

a 0

Total

Ram MF

29& 903

0 0

0 0

0 a

294 903

CHI -SQUARE F-HAT
FOR 2 TEST PERIODS

Ram MF

298 932

0 0

0 0

298 932

CHI -SQUARE VALUE

FOR 2 TEST PERIODS

Rau 0 V

LS 0.015 1.74.4

Mu -

TrOAL. 0.015

CHI-SQUfttE - 3.041
<d.f. , 1>
(41proa *.06.%

S.1"44

CHI -SQUARE
F-HAT 0-2

Ram MF
LS 28 214
SL 0 0
14C 0 0
MM 0 0
TOrAL 28 214

CHI -SQUARK
UVLUES 0-2

Raw ISV

LS 1.143 4.714SL .. ..-
NC ....-
uuL .. .. -

2-4 4-6 6-0

Ran SW Ra e.F Ram IS
?a 294 so 246 94 ire

0 0 0 0 a a
0 0 a a 0 0
0 a 0 0 0 0

78 294 90 246 94 1i0

2-4

Raw 1SF
1.306 3.252

6--0

Raw MF
0.049 0.101

0.04o 0.101TOTL. 1.143 .8714 0.410 1.531 1.306 3.252

1) IWwbers presented are "tnimun estimates for test periods.



Tt~bl* C20.. Indian Point hawwoir test ont.n sn? 15 dewgro
oblique transducer located at unit *ntk3.

rid41 Phas.: 3 his before Duration of reset 10 min tpw* 3&5
&oa tid Tr.eatnent Typ*e% 10 sec on,ý 20 "ec off

rost Date: 2/13/'88
Test TiweI 2330

- m a--- ----- -w-- -- -- - - - --- ft ---- - ---------

10 iINUTES BEFORE TEST PERIOD
R•NGE Cn.rters)

0-2 2-4 4-6 6-S

Topo Ran M Rain UP Raim M1F ilka MF Z

LS 0 0 0 0 0 0 0 0

SL 0 a 0 0 0 0 a a:

mC 0 0 0 34 a 20 31 'Ss z

MM 0 0 0 aa a
Total 0 a 9 3.4 8 20 31 SS

to mmuTES DouRIG TEST PERIOD
RANGE Crofters)

0--2 2-4 4-6 6-0

Tipe Rao. MF Ranu MV Ram 41 RaIm UF 1

LS 0 0 0 0 is 40 0 a:

SL 0 a 0 0 0 0 0 0

NC 0 0 a 30 0 0 42 so:

111 0 0 0 0 0 a 0 0

Total 0 0 a 30 19 4e 42 80 1

10 ImuTES AFTER TEST PERIOD

0-2 2-4 4-6 6-8
Trace - ---- -- ----- - ---- --
Type Ram UF Ran.. M Ram F itR " F

LS 0 0 0 0 0 0 0 0 1

SL 0 0 0 0 0 a 0 a 1

NO 0 0 13 40 22 55 54 :
mm 0 '0 0 0 0 0 0 0

Total 0 0 1) 49 22 55 34 S5 3

1
Total

Ra64 64

0 0

0 a

48 113

0 0

149 113

Total

Ra8n UP

10 40

0 0

so 110

0 0

6.0 18

Total,

RaSn MV

0 0

0 a

Gs 160

60 169

CHI -SQURRE F-hAT
FOR 3 TEST PRI][OS

Rain MV

6 16

0 0

55 129

0 0

61 145

CHI1-SQUARE UALUE

FOR 3 TEST PIERIOS
Rain MV

LS 41.167 06.000

SL -- .--

nte 6.900 22. 186

TOTAL 7.06S 17.200

CHI--SQUARE -.S.91
<d.f. - 2)
<(aph1a - .-0)

CiI -SQUARE
F-HaY 0-2

Rai MF
LS 0 4
SL 0 1
NC 0
form 0

Ch --SQUARE
UiMUES 0-2

Rasa MF
LS ... ..
SL .. ..

TOTA•L. . .

0
0
0

2-4

Ram UF
0 0
0 0

to 38
0 0

10 38

2-4

RaL. MS

1.400 4.280

1.400 4.20J

Ran, .IF Rasi MF
a 16 0 0
0 0 0 0

i0 45 36 680 0 0 0
16 ,41• 3, 6,8

4-'

RaI UF"
41.16? 96.000

24.6,00 62.000

7.813 16.?32

6-S)
Sta" UF

0.806 3.441

0.806 3 ,.441

1), :mubors presented are a mini~uin estimation for- test periods.
2> Rang. bins obscured by~ *chagra"n notm..



Table C21. Indian Point hawwe. test coonitorthg using 15 der&&
obliquje trawzducý#r located at unit 3. itk. 3,.!

ridal Phase: 2.6
10ow

hrs before Duration of Tests 10 *in hmrs N&S
tide Treatment TUp*: 10 swc on, 30 sec off

Test Date: 2/13.f00
rest rTim: 2350

-ini i sia arnefai flinaaa.a.•a . ..... - - b- -- mb-

10 MINUTES OUwRIMO TEST PERIOD

Trace
Ttpe

0-2 2-4

Rau MF R&M MF

RPJA0E Cneters>

4-6 6--

Ram. MV Ram. M

LS 0 0 4 is 3 8 3 6

SL 0 0 0 0 0 0 0 0

NC 0 0 0 0 11 20 22 42

S0 0 0 0 0 0 0 0

Total 0 0 4 15 14 36 25 40

10 iNUTES lAFTER TEST PERIOD

0-2 2-4 4-6 6--

re-a- ----------
rgipe R•u MVF Rtae. 1F Rame MV Raw MV

LS 0 0 3 11 0 0 2 4

SL 0 0 0 0 0 0 0 0

mC 0 0 0 0 14 3. 11 21

MM 0- a 0 0 0 0 0 0

Total 0 0 3 11 14 3S 13 25

Total

Rau LW

10 29

0 0

33 70

0 0

43 29

Total

R&. MV

is1

CHI-SQUARE F-HAT
FOR 2 TEST PERIODS

a 22

0 0

29 63

0 0

,37 *

CHII -S-UARE ValeU

FOR 2 TEST PERIODS
Raw MV

LS 1.667 " 4.455

Mc 1.103 I.SS6

rOTAL .. .31 4.612

C141-SQUARE - 3.041
Wd.f. -1)
calpha -. 053.

0

25

0

64

0 0

b0 71

CHI-SQUARE
F-ar 0-2

Ram MF
LS 0 0
SL 0 0
MC a 0

0U 0 0
TOTAL 0 0

CHI -SQUARE
UALUES 0-2

SL -
TC .. ..
TOTAL. -- -

2-4

Ram MV
4 13
a 0
0 0
O 0
4 13

2-4

Raw WF
0.143 0.615

0.143 0.6Is

4-'
Raw UF

2 4
a 0

13 32
a 0

14 36

Ra._ ilF
3.000 0.000

0.360 0.7?7

O.-00 0.014

Rae. MV
O 0

1? 32
o 0

is 37

6-8
Raw UF

0.200 0.400

3."? 7.OO0

3.789 -P.246

J1) Numbers presented are minimum estiattes for test perilds.
2) Racigo bins obscured bi echogran no•is.



Table C22. Indian Pottt htamer test monitoring using 16 degree
Oblique trarS4d....W loC-ated at U.Lt 35, Intake 3S.

Tidal Phase; 4 tbrs-before Duration of rest:tO mqinhmrs 1,243 rest nate: 2/ I/8B
to" tide Treatmekt rwpe: 10 sec o,.. 20 sec off rest Time; 0153

.. N....J.ES BEFO.E TEST P..IO.

RMIGE (meters>

0-T 2-4 4-6 --8
Triaer ........ =- -

Tejpe Ram 1FF Ram UF Rau uF

LS 0 is0 0 0 5 15 5 10:

SL. 0 0 0 0 0 0 0 0

14C 0 0 0 0 a 8 5 10:

MM 0 0 0 0 1 3 0 0

Total 0 a 0 0 10 26 10 20

10 fimurEs DI|inO TEST PERIOD
RAMtiE (ieters)

T0-2 2-4 4--_ 6-8Trace . .. .. -- - - -

TrN)P R UF IrCa4 sP Rau. MF Ra& MF

LS 0 0 2 0 2 5 2 4

SL 0 0 0 0 0 0 0 0

NC 0 0 0 0 1 a . 2

1 0 0 0 0 0 0 0 0

Total 0 0 2 a 3 3 6

10 N[CUTES AFTER TEST PERIOD
RANiG m (oeters)

0-2 2-4 4-6 .6--
Trace -
Typo Raw ---- a-- Pa Ram -V Ra1w F

LS 0 0 0 0 A 3 0 0

SL 0 a 0 .0 0 0 0 0

NC 0 0 1 4 2 5 1 2

MM 0 0 0 0 0 0 0 0 1

Total 0 a1 1 3 1 2

rotat
Raw MV

0 0

20 46

Total

RAM MF

6 17

a 0

2 S
0 .0

a 22

Total

Ram UP

1 3
0 0

4 11

0 0it 1

C14 -SQOURE F--HT
FOR S TEST PeRIOoS

Raw ha

6 IL
S 11.

11. 2?

CHI -SQUARE VJl ALUE

FOR 3 TEST PERIODS

LS 0.233 16.523

NC 2.800 0-727

m-- 6.00
TOTAL 1=.4S6 21.S"6

cii -SQUARE - G.SS1
<d.f. - 2)
<|aphm - .0s)

CHI -SQUARE
F--HiR 0-2

Raw M
LS 0 C
SL 0

MM 0
TOrAL 0

CHI--SQUARE
UF$LUE5 0-2

LSRaw SWLS . .
SL -

NC .. ..
rorI L .. ..

I

2-4

Ram UF
I 3
0 00 1

0 0
1 4

Ras MF
3
0 0
2 S0 1
5 14

4-6

Raw 6P4.£66? 9.5"r5

1.000 3.6C0
-- 6&.000

7.600 IS.429

RaI MF"
2 6
O 0
2 5:
0 0
S 9

,-8
Rae. 1U

?.Sa0 9.200

6-.00 7.600

8.000 20.889

2-4

Ram MF
2.000 13-5333

-- 12.000

2.000 8.000



Table C23. Indi an Point han•or test nonitoving using IS dvgre*
obLiqu*e trawsduce* locat*d at ur1 t 3, intalce 3S.

Vidal Phasel 3.S hrs before Duration of Testz: 10 min hmrs 1,2&3 rest Oat*:
]Lo. tide rreatmtont rvp*: 10 sjc oQ'. 10 Sec off root Ti.ne:

2/1S/88
02 a.a

-- " M --- M ...... aa.. ----- au -. a. •D8

10 nIrUrES DURinG TEST PERIOD
RANGE <(oters)

0-2 2-4 4-6 6-8Trace

T..pe Raw .V Ra. 1- W Ram U Ram MF

LS 0 a 0 0 0 0 1 2

SL 0 .0 a 0 0 0 0 0 0:

HC 0 0 2 8 4 10 0 a ±

WM 0 0 0 0 0 0 0 0

rotal V 0 2 8 4 0o 1 2

tO NMHUTES AFTER TEST PERIOD
RANGE (wetwora)

0-2 2-4 4-6 z-a
Trace---------------------------------------- ------ ----...
Tyjpe Raw SF ftae UF RA iF Ram UF

LS 0 0 0 0 2 5 2 4

SL 0 0 1 a. 0 0 0 0 z

4C 0 0 1 4 2 5 0 0

WN 0 0 0 0 2 S 0 0

Total 0 a 2 8 G is 2 4

r otal

Ram MF

1 2

0 0

6 18

0 0

r 20

Total

WM40 MF

4 9
1 4

2 5
-10 2?

CHI-SQUARE F-HAT
FOR 2 TESt PERIODS

S 14

9

3

2.4

CNHI-SQURRE URLUE
FOR 2 TEST PERIOOS

LS 1.800

SL 1.000

14C

roros.

1.000

2.000

-0.529

4.45S

4.000

i.000

1.045

CRT -SQUARE
F--hrT 0-2

Raw UP
LS 0
SL 0
t1c 0C
MU 0
TOTRL 0

CH1 --SOUIRRIE
VALUES 0-2

LS --- ----

SL .. ..

TOTAL - -

00

0
0

2-4

Raw. MF.0 0
1 2

2 6
0 0
2 .8

1. 30 0

4-6

Raw MV
2.000 5.000

2.000 5.000
0.400 L.000

Ra WF
2 3
0 0
0 0
0 a
2

6-8

Raw. LIF

0330.66?

CHI-S-•r•tRE - 3.041
cd.f. - 1)
<Alphon - .OS>

2-4

Raw MV

1.000 4.000
0.333 o.o3

0.000 0.000



rable C24. Iundian Point hanner test n.cIttortne using 15 o ,e&bliquw terasd4Jc*r locat.d at unit 3. intake 35.

Tidal Phase: 3 hrs before Duration of rTst: 10 "1" hars &.2&3
loA trid. Yroatwt~at rupot 10 s.c or.. 40 s.c off

Test Date:z
Twst Tini*:

2/i'IQiB*
0236b

a nia s a a s a f . -------- - -- ---l. a -- a a - a- n--- --- n -a s - - -- -= --- -s-l-n-na-n-n-sau

t0 HINUrES DURING TEST PERIOD

0-2 2-4 4-6 -
Trace * ---- -- --
Type Ra M aF Rau MF Ram MF *a" MFU :

LS a 0 0 0 0. 0 0 z:

SL 0 0 0 0 0 0 0 0:

NC0 0 0 0 0 0 1 2:

1"0 o 1 d4 0 a 0

Total 0 0 1 4 0 a 1 2

10 MINUTES AFTER TEST PERIOD
RAWLE (aietes)-

0-2 2-4 4-6 6-8

ryp. R-b P ' Rami UF Rai. 64P Rae MF -:

LS 0 0 0 0 0 a

SL a- a 0 a- 5 4 a:

NC' 0 0 2 a 2 5 1 -2

1IM 0 0 0 0 0 0 2 4

Total 0 0 3 12 4 to 7 14

T Total
------------

Ra. *UF
o 0

0 0:

I *2
1 4

2 6.

Tot4l

Ram. MF

1 V

2 4

14 36

CHI-ScuaRE F-Har
FOR 2 rEST PERIODS

Ram MF

1 2

3•3 0

2 4

.0 21

CHt-SQUARE UALUE

FOR 2 TEST PERIGoS

Ram. UF

LS .1.000 4.000

St. 6.000 13.000

Kc 2.64r 9.941

Mu 0.333 - 0.000
TOTAL .000 -21.4S

CHI-SQUiRE - 3.841
<d..f. - 1.
<alpha - .06)

CHI-SQUARE
F-HAT- 0-2

R &.a MF
LS a 0
SL a 0
Ne 0 0UM 0 0
TOrTAL 0 a

CHI -SQUARE
UALUES 0-2

S- --- ----

NC-
WI -- --TOT'AL +- --

2-4

Ram. fSIP
1L 2

0 0
1 4
1 2

2 8

2-4

Rae MF
1.000 4.000

2.000 8.000
1.000 4.000
1.000 4.000

"4-'

Raw W
0 0

C1 3

2 5

4-6

Ram. WP

2.000 S.000
2.000 5.000

4.000 10.000

6-0

Ra. UPF
0 0
2 4
1 2
1 2
4 8

6-8

Ram. WIP

4.000 0.000
0.000 0.000
2.OnO 4.000
4.500 9.000



Table C25- ]ndiatn Point harna test ,onttoring using Is de•roe
oblique transducer located -at unit 3, inuke55.

Tidal Phaz*: 2.5 hos before Duration of rest; 10 vi lws 1k283
to" tide Troatnont leap.: 20 s~c or., 20 ,*,a. off

Test Dat*: 2/18/88
Test Tin&: 025S

l~~~~lndR~~~~ . .BB D | .g~ .s m .SO . .aOR | . .~~|U ~ ~ s 8 . . ------ a . . .HB R . .•d | D R | i | i B . . . .B . .;

10 MIHUTES DURING TEST PE*IOD
RA14E <roeters>

0 2-4 4-6 6-8
Tr-ace ----- - -----
r~ipe Ra 14Fl Raim MF R&Mu M Rau MF

LS a 0 2 8 1 3 1 2

SL 0 a 0 0 3 8 0 0

HC 0 0 2 a 2 5 4 8:

MM 0 0 0 0 0 0 0 a :

Total 0 0 4 is 6 16 S 10:

10 IunUTES AIFTER TEST PERIOD
RANGE (weters>

0-2 2-4 4-6 1-8*
Trace . .- ------
rupe Ram MP Rama MF Rau MF Ra.. MF ."

LS 0 0 1 4 1 3 3 G

St 0 0 0 0 a 0 a 0

NC a o 0 0 3 8 1 2:

MM 0 w 0 0 1 3 1 2

Total 0 0 1 4 5 14 5 10

. Total

Pam MF

4 13

3 a

o 21

O 0

1i ,42

Total
Raeu wF

6 13

0 o

4 10

2 5

11 28

C51[-SQUARE F-Hftr
FOR 2 TEST PERIODS

Ram UF

5 13

2 4

6 lb

I 3

13 3S

CHI1 -SQUARE VPALUE
FOR 2 TEST PEI•IoDS

LS 0.121 0.000

Si. 3.000 8.000

Nc 1.33S 3.903

"M 2.000 S.000

rTOAL. 0.616 2.800

CHI-SQUARE - lb.041
C4.f. 0 1)
44lpha =.05>

CHII-SQUARE
F-HAT 0-a

LS 0
SL 0
NC 0
"M 0
TOTAL 0

CHI-SQUARE
VALUES 0-2

L$a.. ..H
LS -IL .. ..-

14" - -

TorliL . .

0

0
a

2-4

Ram. lF
2 6
0 0
1 4
0 0
3 10

2-4
Ram• MF

2.Go0 S.000

1.80O0 1.200

4-'

Ram UP
1 3

2 4
3 7
1 2

6 1s

4-6'

0.000 0.000
3.000 8.000
0.200 o.692
2.000 3.000
0-091 0.133

r'-6

Ramu U
2 4
0 0
3 S
1 t5 10

6-8I

1.000 2.000

1.300 3.1600
1.000 2.00(
0.000 Q..,O



Table C26- Indian Point ha--eer test .onttorl.4 .sing I dege-e*
oblique transducer 1&cated at unit 39 intake 35.

Tidal Phase: 2 hra befove Duration Of rostC 10 "in tosro 1,2&3
1low tide Troatm~nt r.ype: 20 Wec on. 30 S&C off

rest Date: 2/18108
rest rioq&: 0315

10 -I-UTE- DUR-N- WE- 
-PE--o-

RAKO (eMeters)

0-2 2-4 4-6 6-8Tr-ace--

rupe Ra M Re MWF Rau 6F Ram UF

LS 0 0 0 0 4 1o 1 2:

SL 0 0 0 0 0 0 3 G

t4C 0 a 0 0 5 13 3 6:

Um 0 0 0 S

Total 0 0 0 0 10 26 10 20

1o nIHUTES AFTER TEST PERIOD
RANGE (weters)

0-2 2-4 4-4 60-1
Trace -- -----
type Ram MV Rae. MF Ram MVF kRa F"

LS 0 a 0 0 0 0 3 6

SL 0 0 0 0 3 6 1 2

HC 0 0 0 0 3 0 2 4

Mu 0 0 0 0 1 3 0 0

Total 0 0 0 0 7 19 6 12

* Total

RaM "F

S 12

3 6

20 46

Total

4 10

12

1 G3

1 31

CHI[--SQUARE F-tHAT
FOR 2 TEST PERIODS

Rau mV

4
4 6

7 16
3 6

IT 3.9

C141 -SQUARE VALUE

FOR 2 YEST PERIOoS

Rab bF

LS 0.500 2.000

SL 0.143 1.0300

"C 0.692 1.S

mu 1.800 3.000

TOTAL 1.40S 2.S22

CHI--S••RRE - 3.641
(d. f. - 1)
Calpha - .05)

CHI-SQUARE
F-HAT 0-2

LS C, 0
SL 0 0
NC 0 0
MU 0 0
TOTAL 0 0

CHI-SQUARE
WILUES 0-2

Raw wV
LS .. ..
SL . .
MC --MM -- -
TOTAL .. ..-

2-4

Ram MV
0 0
0 0
0 0
0 0
0 0

2-4
Raw MV

Rau MF2' 6
2 4
4 11
1 3

.9

£-6

Rau WF
2 4
2 .1
3 iS2 '3
8 lB

4-6 6--6

Ram MF Ram MF
4.000 10.000 1.000 2.000
3.000 6.000 1.000 2.000
0.500 1.190 0.200 0.400
0.000 0.000 3.000 6.000
0.52S 1.0801 1.0" 2.1.00



Table C27. Indian Potit ham~er test monitoring usin? 1f degree
obliqu* transducear located at unit 3, int•ke 35.

Tidal Phase: !W win after Duration of Test: 10 "in hrs 1,2t3 Test Date: 2/1.f08
high tide freoatnott typa: 20 szc or., 40 uvc off T.st rim#: zSs

.. . . - - -- -- - W .. . . . . .. . .. . .. . .. . .. . .. . . . . ...an aa n w i a . ... a..

10 nINLIrES BEFORE TEST PERIOD
RANGE Cmeta'rs)

0-2 2-4 4-6 6-8
Trace -------- -----
Type R.u MVF Rau MF R&64 MV Ram 1F

LS 0 0 0 0 1 3 2 4

SL 0 a 0 0 0 0 a 0

HC 0 0 1 4 1 3 2 4

tM 0 W 0 0 1 a 0 0

total 0 0 1 4 3 9 4 a

10 nIIUTES DURINe TEST PIezIo
RANGE (meters)

0-2 •-2-4 4-6 6-8
Trace -- - -- - - - - - -

Type Ran lT R&an MF Rau UF Rau. MF

LS 0 0 1 4 3 6 0 a

SL 0 0 0 0 0 0 0 0:

HC 0 0 1 4 1 3 5 10:

"M 0 0 0 0 3 8 3 6

Total 0 0 2 8 r 1 a 8 116

1W niIUrES AFTER TEST PERIOD
RANGE <w*ter-s)

0-2 2-4 4-6 6-8
Trace - - ---- - - - - - - --- - - ---TNp. Ria MVF Mau MVF Ra MF Rau I MF z

LS 0 0 S 4 2 5 2 4:

SL 0 a 0 0 2 5 0 0:

NC 0 0 S 15 5 13 1 2:

MM 0 0 0 0 2 5 3 6

Total 0 0 a 23 11 28 a 12

Total

3

0 0

4 is

1 3

a 21

Total

4 12

o a

7 1?

6 14

Total

1 13
2 5

S 11

23 6.3

CHI -SQUARE F-inT
FOR 3 TEST PEkIOOS

R4 14F
4 11

1 2

7 20

4

16

2

42

CHI-SQUARE UALUE
FOR 3 TEST PF-RIODs

Rd" MF

LS O.C00 0.130S

SL 2.000 ?.o50

NC 4.71 16.300

MW 3.SO0 0.222

TOTAL 'T.125 22.024

CHI--SOURRE - U.551
4d. F. - 2>
Calpha - .05)

CHI -SQUARE
F--HtT 0-2

Ram MF
LS 0
SL 0
NC 11

WM 0
TOTAL .0

CHI -SQUARE
VALUES 0-2

0
0
00
C

2-4

Rau MF
o o
2 9
0 a
3 12

4-6

Rim MF
2 5
1 2
2 6
2 5
7 .1•

Ran MF
1 3
0 a
3 5
2 4

6 12

6-IB

*am MF
4.000 2.667

2.000 8.000
3.000 6.000
1.333 2.667

LS
SL
HC
MU
TOTAL

Raw M"

2-4 4-6

Rau MF Rau LIF
0.000 2.66? X.000 3.600

.. -- 2.000 7.50c
G.500 16.66? G.500 12.16?

..... 1.000 3.600
4.6f6 1S.S0 4.571 8.526



rabi. C29. In~dian Point'ha~nawr test sionitortnquint IS doqr*.
obliquo transducer locaCted at unit 3, In ak* 35..

Tidal -Phase: I he after
high. tI de

Ducat1.en of rest: 10 "in hmas 1v2&3
Treatument Tyjpe: 30 swc on., 20 so.: off

Test Date:
rest Tipo=e

2116Iofgg
121IS

................. f......................... ....... O ..

10 nINUrES DURING TEST PERIOD RANE C,,.teru)

0-2 2-4 4-6 6--
Trace------------------
Type R4u-- "F Ram UF Rau MV R*a MF

LS 0 0 0 0 0 0 1 2 z

SL 0 0 0 0 0 0 1 2:

NC 0 0 2 8 " 18 6 11i:

MM a 0 ,1 4 2 3 1 2:

Total 0 0 3 12 a 21 S 1"

to MHII[UTS AFTER TEST PERIOD
RANGE (neters>

0-2 2-4 4 6--
Trace - -
Type Rai. MF Rau UF Rau 9-W Ram "

LS 0 0 1 4 1 3 2 4

SL 0 0 0 0 3 6 1 2

HC 0 0 1 4 3 a 1 2

M, I 0 a 0 0 0 0 1 2 -

Total 0 0 2 8 7 1i' 5 10 1

Total

Ram MF
1 2

1 2

15 3?"

3

20 50

Total

4 11

4 104

S 2

14 -3?

CHI -SQUARE F-HAT
FOR 2 VEST PERIOoS

Rau MV
3 7

3 6

10 26

2 6

1? 44

CHI--SQUARE VALUE

FOR 2 TEST PERIODS
IRa4 MVr

LS 1.800 6.231

St. 1.800 5.333

HC 6.000 10.373

U" 1.0o0 4.45S

TOTAL 1.05 1.1b3

CHI-SGAE - 3.841
Cd.f. - 1,,
<alpha - .OS)

CHI-SQUARE
F-HAT 0-2

R- - - M-

LS 0
SL 0
NC 0
MM 0
TOTrL 0

CHI-SQUARE
UALUES 0-2

Ram MV
LS .. ..
SL .. ..NC .. ..-

TOTAL . .

00
0
0
0

2-4

Ram MF
1 2
0 0
2 6
1 2
3 10

4-6• .

Rama UF
1 2
2 4
5 13
1 2
0 20

Ra. lIF
2 3
1 2
4 7
1 2
7 14

6-0

Ram MVF
0.333 0-667
0.000 0.000
3.71- 6.231
0.000 0-000
1. 143 1-815

2-4 4-6

Ram MV Ram MV
1.000 4.000 1.900O 3.000

-- -- 3.000 8.000
0.333 1.333 .1.60 ".046
1.000 4.000 1.000 3.000
0.200 0.800 0.06 0.100



Table C29. Indian' Point ha.,w*v test "onitoring using $5 degree.
abiaqije, tcansdocoo located at unit 3. Intake 3S.

Tid.aI Phase: 1.5 hr's after Duration of Test; 10 min haag 1,2&S
high tid. Treatmenat rup*: 30 S&C on, 30 Secof

Test Date;
rest Ti e:

2/ 118 08
12Yr:

10 -I--UT-S .URII4O TE5W P.RIO.

RANGE c(etgrs>
0-2 2-4 4-6 S-B

Trace --- 2-
Tlype Ram 1W R&a i4F Ram MiF Baa, WF

LS 0 a 0 0 0 0 0 0

SL 0 0 0 0 0 -O 0 0a

kc a 0 1 4 0 0 3 6:

MU 0 0 0 0 0 0 0 a:

Total. 0 a 4 0 a 3 6

10 IIINUTES AFTER E EsT PER!O0
RANGE <umtors)

0-2 2-4 4-6 6-8

typo Ram. 6F *a". MF Raa. MV R-em UP

LS 0 0 0 0 0 0 1 2:

SL 0 0 0 0 0 0 0 0

HC 0 a 0 0' 0 0 0

u60 0 0 a 0 0 0 0 C

TotaL 0 0 0 0 0 0 1 2 C

Total

0 0

0 0

.4 10
0 0

4 10

Total

1 2

0 a

0 0

O o
1 2

CHii-SQUme F-MAT
FOR 2 TEST PER•lODS

Ra.m MF

0

Ia

0

S

0

3 6

CHI -SQURRE VALUE
FOR 2 TEST PERIODS

Ram

LS 1.000

SL -

NC 4.000 1

TOTA•L 1 .00

CHI -S•JAR• - 3.04t
Cd.f. - 11
calplia - a0s,

UF

2.000

0.000

6-333

CHI-SQUARE
F-•AT 0-2

R4$4 MF

SL 0
Mc 0MU 0
TOT AL 0

CHI-SQUARE
VALUES 0-2

Raw SW
LS -- --
SL .. ..

TOTAL .. ..

0
0
0
a
0

2-4

Iats MF
a 0
0 0
11 2
0 0
1 2

2-4

Rail UF

1.000 4.000

1.000 4.000

Ra". 1WF0 0
0 00 0
0 0
0 0

4-'

Rau. MV

Ram IhF

I I
0 0
2 3

0 0
2 ,4

6-8

1.000O 2.000

3.000 6.000

1.000 2.000



Table C30. Indian Point hammer test monitoring using 15 degre.
abltque transducor located at unit 3, inak. 35!.

ridal Phase: 1.6
1 Om

hrs belar. Duration of Test: 10 nin hnrs 3&S
tide rreatumnt fqpo: 10 sVc on, 20 gec -.(f

rest Date; 2/1:0i/8
Test rTme: 1420

. amm lm .maaa fl .aam .t ... ...... .... . .nata|--am . ............m.......... ........ .a . t. . . . ..-- a- - ls -In nrwurEs n[voer rrsT prmvan
RANGE <moeters>

0-2 2-4 4-6 6-0
Trace --- -
Typ* Raw UF Ram MF Raw. MF Ral MUF

L - 0 0 0 0 . 3 1 2

SL. 0 0 0 0 1 3 0 0

tiC 0 0 0 0 4 10 4 8:

Md 0 0 0 0 0 0 1 2?

Total 0 0 0 0 & 16 6 12 ±

tO fINUrES OURINO TEST PERIOD
IOMBS (aters)

0--2 2-4 4-6 6-8
Trace - - - ------ - -

TVp* Ri MF Raw 6W Ram MF Rama IdE
LS 0 0 0 0 1 3 1 2

SL 1 8 0 0 1 a 0 0

heC 0 0 0 3 8 3 G

W" 0 0 0 a 0 0 1 2

Total 1 8 0 0 6 14 S 10 0

10 MINUTES AFTER TEST PERIOD
M-IO0 CMeters)

0-2 2-4 4-6 6-8
rrac - - - - ------
Type Ram MVF Ra MFi Raw UPa Mau

LS 1 8 0 0 1 3 1 2

SL 0 0 a 0 a 0 0 0

KC 0 0 0 0 0 0 1 2

UM 0 0 0 0 0 a 0 0

rotal 1 •-- 0 0 1 - 2 4

rotal

Raw MF

2 5

1 3
O 10

1 2

12 2a

Total

Raa. MV

2 1

2 11

6 14

1 2,

11 32

Total

Rab MF

2 S3

0 0

1 2

0 0

4 is

CHI-SQUARE F-HATFOR S rssr PERKOOS

Rab MF

2 8

1 S

5 11

I

S

2
25

CHI -SQUARE UALUE
FOR 3 TEST PERIOOS

LS

St.

mC

WM

TORAL

Ram4

0.000

2.000

5.200

0.000

"4.222

MV

12. 000•

.4. 000

CI[--SUARRE - 5-.91

calpha - .06,N

CHI--SQUARE
F-Hta 0-2

R464 MF
LS 0 3
SL 0 3
"C 0 0
IS 0 0
TOTRL 1 I

CHI--SQUORE
WiLUES 0-2

Raw MF1.5 -- 13.333
S-- 13.333

tic .- .-

TortAL 0.000 S.600

2-4

Ram MF
0 0
0 0
0 0
0 0
0 0

2-4

Ram MF

4-6

Raw MF
1 3
1 2
2 6
0 a
4 11

4-6

Rau . MV
0.000 0.000
0.000 3.000
5.500 9.333

3.=00 0.5O5

6-0

Ram M"
1 2
0 0
3 5
,4

6-8

Raw. Mr
0.000 0.000

0.667 4.800
0.000 4.000
3.250) 2.tal



Table C31. Indian Point hajnoer test monitortfg using1 5I degree
oblique transducer located at unit 3, intake 3S.

Tidal Phase: 1.-5 hrs before Ouration o Toest: 10 midn hm" 3&5
Io*tide .['eoatment Tgpo: 10 sec on, 30 sec off

Test Detv:
rest time:

2/I8/80
1640

0 - - -- - - - - ---a - -- - - - - - asn a .f .... 0M. M. W -- S -- . .. ..

10 "INUTES DURING TEST PERIOD
RANGE <neter s)

0-2 2-4 4-6 6-0
Trace -- - - ----------
TIp. Ra.. MV Ra, 6V W Rte MUF atM WF

L a--------0------ I---------0I-S 0 0 0 0 1 3 0 0

SL 0 0 0 0 0 0 2 4

kC 0 0 0 0 4 10 a 0:

Mwd 0 0 0 0 a a 0
Total 0 0 0 0 5 13 2 4

10 MiNUTES iFTER 'TEST PERIOD R (IO 4ete.-s)

0-2 2-4 4-4 -8TraJce -
TMRa.e Ram MF I" V R&aH MF Ramt MF

LS 0 0 1 4 0 0 2 =

SL 0 0 0 0 2 5 0 0

MC 0 0 0 0 1 3 2 4

MW 0 0 0 0 a 0 1 2

Total 0 0 1 4 3 8 5 10

Rat. MF

2 4

4 10

0 0

Total

Rat. UV

2 S

3 7

1 2

9 22

CHX--SOUARE F-HaT
FOR 2 TESr PERi[ODS

Ram MV

2

2

'4

1

S

9)

1

20

CHI-SQUARE UALUE
FOR 2 TEST PERIOOS

Rat. HF

LS 1.000 2.273

SL 0.000 0.11%

hc 0.143 0.529

k1 1.000 2.000

TOTAL 0.290 0.641

CHI-SQUARE - 3.841
<d.f. - 1)
C.Alpho .0530

CHI -SOUARE
F-Hor o-2

LS 0
SL 0
NC 0
MM 0
ForTL 0

CHZ -SQUARE
VALUES 0-2

SLa.. ..

MC .. ..

0
0
0
0
0

2-4

Rat MF
1 2
0 00 00 0

1 2

4-6;

Ram MV
1 2

1 3

0 0
4 1i

£.-B

1 2
1 2
1 2
I I4, 7

Ram MV
1.000 4-000

1.000 4.000

Rae4 1F Rae UF
1.000 3.000 2.000 4.000
2.000 S.000 2.000 4.000
1.000 3.•59 2.000 4.000

.. .. 1.000 2.000
0.500 1.190 1.206 2.57ttOTAL



Table C32. Indian Point haommor test m.onitor-Ing using 15 degree
oblique~transducor located at unit 3. Intake 35.

Tidal Phase: I hr before Duration of rest: 10 min tmrs 3&S
Lo•s tide Treatment Type: 10 s*c on. 40 sec off

Test Oate:
Test Tim&:

2/ IS/S
1700

...... . ............... a ------- - -------- - -- . .............. - ---------- ----------
10 IIINUTES DURING TEST PERIOD RANGE[ CMeters>

0-2 2-4 4-6 6-0
Trace -
TMPe Ram MF Rasa iF Ram IF Raml 1eF :

LS 0 0 1 4 0 a 2 4

SL 0 0 0 0 0 0 0 0

NC 0 0 1 4 0 0 0 0:

Mu 0 0 0 0 0 0 0 0 :

Total 0 0 2 0 0 0 2 4

10 MIzNUTES ArFTER rsr PERIOD
RANGE (e4*ters)

0-2 2-4 4-6 6-0
Trace
Tyapo Ram UF Rtah, 14F VRam UV Ria 4F -

LS 0 0 0 0 0 0 0 0

SL 0 0 0 0 0a 0 0 0:

WC 0 •0 0 0 a a 1 2:

MM 0 0 0 0 0 a 0 0

Total 0 .0 0 0 a 0 1 2 z

Total

0 0

1 4

0 0

0 0

0 01 2

0 0

1 2

CHI-SQLERE F-HAT
FOR 2 TEST PERiODS

2 4

0 0

13

0 0

3 7

CHI-SQUARE MALUE

FOR 2 TEST PERIODS
IRJU4 14F

LS 3.000 0.000

SL "- --

NC 0.060 0.66?

TOTrAL 1.00 7.143

CHZI-SOLUME , 3.041
(d.f. - "
<alpha - .093

CHI-SQUARE
F-HAT 0-2

Ra" UF
LS 0
SL 0
NC 0
Mw 0
TOTAL 0

CHI -SQUOARE
UVLUES 0-2

Ra6 MF
LS .. ..
SL .. ..

TOTAL .. ..

0
0
0
0
0

2-4 4--& 6-

Rame F Ran MF Ra" IF
1 a 0 0 1 2

0 0 0 0 0
1 2 0 0 1 i
0 0 0 0 0 0
1 4 0 0 2 3

2-4

Ran HF
1.000 4.000

1.000 4.000

2.000 8.00O

4-a
Ra-n hF'

'-8

Rail MV
2.000 4.000

1.000 2.000

0330.66?



Table C33. Indian Point havwm. test mtonitoring uufing IS degree
Oblique trans~dUC~v located at uanit 3, 1 ak* 35.

Tidal Phase: 3 hrs before Duration of rest: 10 buin, hnrs 3S6
high tide . Treatment rgpe: 10 sec on, 20 soc off

rest Date:
Test Tin*:

2/1Of88S
2045

10 nimNUES BEFORE TEST PERIOD
RAGME (neters>

0-2 2-4 4-- 6-8
TrUace aiTrJpe Ran UPF Rau U[F Ran4• SIP R;[4 iJF

LS 0 0 0 a 2 S 1 2

SL 0 a 0 0 1 3 0 0

NC 0 0 0 0 0 a 1 2.

SI 0 0 0 0 1 3 3 6.

Total 0 0 0 0 4 it 6 10

10 ninuTS DURINO TEST PERIOD
RANOZ (.eters)P

0-2 2-4 4-6 6--
Trace -----
Tjpe Ram iP Ran UF Ran UF Ram4 MF

LS0 0 0 0 1 3 3. 6:

SL 0 0 0 0 0 0 0 0

iC 0 0 0 0 4 .10 2 4.

um 0 0 0 0 0 a 3 6

Total 0 0 0 0 5 13 0 16

10 "IIIUTES AFTER TEST PERIOD
PANSE CHmeters)

0-2 2-4 4-6 6-8
Trace ----- - ----- -------
Typo Ram WI Rau UP Ran UF Ran .r :

LS 0 0 0 0 1 3 4 0

SL 0 0 0 1 1 3 0 0

NC 0 0 1 4 1 3 6 11-

uu a a O 0 0 0 0 0

Total 0 0 1 4 3 9 10 219

rotal
Rau U

3 7

1 3

1 2

4

9 21

Total

Rau UF
,4 .9

0 a

6 14

13 29

Total

Re" MVF
5 11

1 3

8 10

0 0

14 32

CHI[-SQUARE F-HAT
FoeR 3 Tsr PERIOnS

4 9

1 2
S 11

2 6

12 2?

CH -SQMUAE VAOLUIE

FOR 5 TEST PEr..OS

Ram MF

LS 0.500 0.809

SL 0.000 3.000

NC 5.200 13.636

NM S.SO0 0.400

TOTAL. 1.167. 3.40?

CHZ-SQIMAR - 5.991
(d.f. -- 2)
(alpha - .05)

CHI -SQUAlE
F-HMa 0-2

Ran NP

LS 0
SL 0
NC 0

TOTAL 0

CHM-SQUARE
UALUES 0-2

---------

N4C -- --
Ram --

TOTAL ....

0

0o0

2-4

Rim MF
0 a
0 0
0 1
O 0
O 1

4.-6

Ram UP
1 4
1 2
2 40 1
4 11

6-0

Ram. UP
3 S
a 0
3 6
2 4

6-8

Ram wI
0."? 4.800

3.000 6.000
0.625 2.800

2-4 4-6

Ran HF RAM' UF
.. ..- 2.000 -0.260
.. .. 0.000 3.000

-- 12.000 3.500 14.250
.. .. ..- 6.000

-- 12.000 0.500 0.?2?



table C34. Indian Point hamm~er toost monitoring usin? 19 dogre.
oblique* transducer located at unit 3. 1Intake 35.

Tidal Phase: 2.S hrs before Duration of rest: 10 min hos MS
high. tide Troeatiser Tpe: 10 sec on, 30 soc off

rest Dvtes
Test rim..: 2115

. || l iiwa| i |i sf/lO i Ilbl lfl~bafllnalb Ul; PlRfODfl10 rIINUTES DURING TEST PERIOD
RANGE (n~t~rs;)

0-2. 2-4 4-6 6-8

Type Ram MU Rau MF Ram. 1F Rag MF

LS 0 0 0 0 0 a 0 0

SL 0 0 0 0 0 0

14CI B 0 0 a 8 2 4:

Nl 0 0 0 0 0 0 0 0

Total 1 0 0 0 3 6 2 4

10 nINUTES AFTER .EST PERIOD
RANGE <"*tors),

0-2 2-4 4--6 6-
T r ra c st e m
Type Ram UF Ra. UF Ra& &4 Ran UF

LS • 0 0 0 0 0 0

SL 0 0 0 0 0 0 0 0

NC 0 0 1 4 1 3 4 9

ou 0 0 0 0 0 0 0 0

Total 1 1 1 4 1 3 4 0

Total

Ma" MF

0 0

G 20

6 0

0 a
S 20

Total

Rae UF

I 6

0 0

6 15

0 0

7 23

CHI -SQUARE F-! T
FOR 2 TEST PERIODS

Rae. UP

1 .4
R 0D- --- -- --

a 0

7 22

CHI -SQUARE UhLtUE
FOR 2 TEST PERIODS

LS 1.000 6.000

SL -- --

NC 0.000 O.714

TOTraL 0.077 0.20%

CHI-SQUeRE - 3.841
(d.f. - up
calpewa - .05),

CHII -SQUARE
F-arT 0-2

LS 1 4
SL a 0
14C 1 4
UU 0 0
TOTAL 1 a

CHI -SQUARE
UALUES 0-2

LS 1.000 6.000
SL - -
tC 1.000 0.000
MU .0 0.TOTAL. 0.000 0.000

2-4

Rau UP
0 0
0 0
1 2
0 0
1 2

2-4

Ra, MF

1.000 4.000

1.000 4.000

4--'

a 0

0 0
2 6

Ra. MF

1.000 2.273

1.000 2.2z3

6--8

Its. UPF
O 0
0 0
3 I.
0 0
3 6

6-8

Ra0 " UP

0.6.4. 1.333

0.667 1.333



Table C35. Indiani Point hamme.r test monitoring us1ing 15 degree
oblique transdu~cer locate.d at u.nit 39 intake 35.

Tidal Phase. I hr" before
high tide

Duration of Test: 10 min haers 3&5
Treaaent rTpe: 10 sec on. 20 sec off

Test Date: 2/10/08
Test Time: 2226

. . ft-U--- -F---V r... Pa--R-w

RANGE ••eters>

0-2 2-4 4- 6--8

Trace
Tyjpo - Ram. UF Ram MV Raa; as. MV

LS 0 0 0 0 5 13 0 0:

SL 0 0 0 0 0 0 0 0

NC 1. 0 4 is 2 S 1 2:

mu 0 a 0 0 0 0 0 0:

Total 1 8 4 1i 7 10 1 2

10 MINUTES DURING TEST PERIOD -
RANGE <wters)>

0-2 2-4 4-6 6-8Trace - - -

T%.p* Ra,. MV Rau MIV Rau UV Ra..M

LS 0 0 1 4 3 1 1 2

SL 0 0 0 0 1 3 0 0:

WC 0 0 a so 4 to 2 4:

Mu 0 a 0 0 2 5 0 0

Ttal- 0 -- 34 10 26 3 6 a

s0 nINuTES AFTER TEST PERIOD
RANGE (aitevs>

0-2 2-4 4-o 6-8
Trace --
Typoe -Ram ,"F at.w MF Ra MVF Ra. F -

LS 0 0 0 0 3 8 3 6

SL 0 0 0 0 1 3 a 0 z

NC 0 a 3 11 4 10 1 2:

MM a 0 0 2 3 3 6

Total 0 0 3 it 9 24 7 14

Total

Rama MF

5 13

0 0

0 0

13 43

Total

R 14

1 3)

14 44

2 a

22 .46

Total

Ram MF

8 23

4 9

is 4%

FOR 3 rTST PERIODS

Ram MV

5 L4

1 2

10 32

2 5
18 S2

CHI -SQWARE VALUE

FOR 3 rc-sr PERIODS

LS 1.200 -0.929

SL 0.000 3.000

NC 2.400 0.1I5

MM 4.000 7.200

TOTAL 2.333 7.600

C41-SOUA*RE - 6.s99
(d.-. - 2)
<alpha - .05>

CIII-SQUARE
F-HMR 0-2

Rae. MV
LS 0 0
SL 0 0
NC 0 s

TOTAL 0 3

CHI--SQUARE
VALUES 0-2

Raw MVF
LS .. ..
SL --
NC -- 13.333
LM . .--
TOTAL -- 13.333

2-4 4-6

Ramd MV Ramd MV
0 1 4 10
0 0 1 25: 19 3 0

0 0 1 3

2-4 4-G

Ram U Ram MF
.12.000 --0.20 0.OO

-- -- 0.000 3.000
2.800 S.S79 2.000 3.12S

-- -- 2.000 3.333
G. 200 15.100 -0.4,44 0.522

Rae IF
I s
0 0

1 24 7

6-0

Raw MV
1.000 5.333

2.000 0.000
6.000 12.000
3.760 11.714



Tabl* C36-. Indian Point hanwior test woeoItoring usivt 1 dge
obliq&&e tsranzducer located at uanit 3, M.1. ike 3.0

rTdal Phase-" 30 min before Duration of Test: 10 min hewos 3S
high tide Treatment TUpe: 10 sac on. 30 sec off

Tst. Date: 2/1,'/O
Test Ti.m*: 2246

10 
- --

U-Es DURING TE-T PER-D-
RAINGE (mqtea-s)

Trace
Ttpe

0-2
Raw MV

2-4

Ram MF

4-S
Raid MV Ram MV

LS 0 0 0 0 0 0 0 0

SL 0 0 0 0 0 0 0 0

NC 0 0 3 11 a 3 2 4

6M 0 a a a 4 10 2 4

Total 0 0 3 11 5 1) 4 0

10 mI mUTES AFTER TEST PERIOD
RAGEwet.)

0-2 2-4 4-6 6-9
re-ace --- -------
TTpe Raw __M Raw M Ram MV Ra. MF

LS 0 0 0 0 1 3 2 4

SL 0 0 0 0 0 0 0 0

kc 1 a 1i 4 6 13. 0 0

um 0 0 0 0 1 3 0 0

Total 1 8 1 4 ? is 2 4

Total

Rau MV

0 0

0 0

6 is
6 14

12 32

Total

Raw &V

3 T

0 0

1 3
11 3.

CHI -SQUAR~iE F-mfrT
FOR 2 TEST PERIODS

Raw 1V

2 4

0

7

4

12

a

22

S

34

CHI -SQURtE UALUE
FOR 2 TEST PERiODS

Ra, 66F

LS 3.000

SL

NC 0.07?

Mul 3.671

TOTAL 0.04s

CHI-SQUARE ,- 3.841
(d.f. - 1)
calpho - .06>

7.000

1. 140

0.~134

CHI -SQUARE
F-HAT 0-2

Ram Mi
LS 0 0
SL. 0 a
MC 1 4
Mu 0 a
TOTAL 1 4

CHI -SQUARE
VPALUES 0-2

Rae MFLS--------LS . .
SL .. ..
NC 1.000 8.000
Mu -- --
TOTAL 1.000 0.000

2-4

Ram. MV.
0 0
0 a
2 8
0 a
2 a

2-4

Ram UV

1.000 3.267

1.000 5.26?

4--6

Ram. MV
1 ~ 2

0 0

3 7
G 1s

'-S

Ram. MV
1 2
0 a
1 2
1 2
3 6

.4-4 6-S

Ram &OF RMa SF
1.000 3.000 2.000 4.000

2.66? 6.2so 2.000 4.000
1.800 3.rG6 2.000 4.000
0.333 1.125 0.66? 1.3!3



Table C37. Indian Point hammor test monditoring 15 degree
oblique transducer located at unit 3, Int ake 3S.

ridal Phase: 50 .in befoe Ourati•on of Teat: 10 min hoqrs 3&S
high tide Treatment TV'pe: 10 sec on, 40 voc off

rest Date: 2/L8/60
rest rnim: 231)5

•mtmm mw- --------- - ---------- ft .... . . " ... W.mg~mmE• mE~ m mmua Mm ft - - ---------
to nriuTES DURING TEST PERIOD

0-2 2-4 4-6 6--Tface-- -- --

lp. IRa. tV Ra MV ltRau LWP Ram 1

LS 0 0 0 0 0 0 0 0

SL 0 0 0 0 0 0 0 0

PC 0 0 0 0 4 10 1 22

MW 0 0 0. 0 0 0 0- 0:

Total 0 a 0 0 4 10 1 2

10 NINUTES AFTER TEST PERIOD
RAM (Cters)

0-2 2-4 4-6 6-B 2
Trace- --------- - -------
TRIpoa Ra MF Rau MF Ram MF Ram WF

LS 1 0 1 4 0 0 1 2 a

SL 0 0 0 0 0 0 0 02

NC I a 1 4 3 6 3 6

MW 0 0 0 0 1 3 0 0 :

Total 2 16 2 8 4 11 4 0

Total

Raw UF

0 0

a 0

S 12

0 0

S 12

Total

3 14

o 0

a 26

1

12 43

CHr[-SQURRE F-mI•r
FOR 2 TESr PERIODS

Rau M

2 7

0 0
7 19

1 2
9 26

CHI -SQUARE VALUE
FOR 2 TEST PERIODS

Raw UF

LS 3.000 1.4-000

SL - -

PC O.6S2 5.158

lM 1.000 3.000

TOTAL 2.982 sr..473

CHI-SQUARE - 3.841
(d.f. - 1>
(alpha - .O)S

CHl-SoUARE
F-HAT 0-2

Ram MF
LS 1 4
SL 0 0
NC 1 4
M" 0 0
TOTAL 1 a

CHI-SUARRE
VALLUES 0-2

Ram HF
LS 1.000 a.000
SL .. ..
NC 1.000 6.000
M4 .. ..
TOTAL. 2.000 16.000

2-4

Rau HF
I 1
0 0
1 2
0 0
1 4

2-4

a a MF
1.000 4.000

1.000 4.000

2.000 0.000

Ram MV
0 0
0 0
4 9
1 2

4-6

0.143 0.222
1.000 3.000
0.000 0.046

'-B

Raw MFI 1
a 02 4
0 0
3 5

6-B

1.000 2.000

1.0O0 2.000

1.000 3.600



Table C30- Indian Point ha&&w4r test monitoring usthn 16 degree
oblique tr'aws.ucer located at unit 3, in•tke 35.

Vidal Phase: 1.0 hr- after
high tido

Duration of Test:= to "in hwras 3&S
rrvatsoh&t rvp.: 20 awc on, 20 sec off

rest Date: 2/aSfeO
rest Fin.: 2345

10 ITHU JTES DURING TEST PER100
RAGOE <ffoters)

Trocw
Type

0-2
--a - ----

2-4

Rau MF

4-a ,
Ran MV

6-8

LS 0 0 0 0 1 3 4 a

SL 0 0 0 0 0 0 1 2

NC 1 3 it 4 10 2 4:

Mm 0 0 0 a 0 0 2 4:

Total 1 0 3 11 6 13 9 10

to nIxHUTES AFTER TEST PERIOD
RANGE Cm(ters)

0-2 2-4 4-6 6-8
Trace- ----- --------- -
Type Ran UF Ram MF Ram MV Ra& WF

LS 0 0 0 0 0 0 1 2

S L a 0 i 4 a 0 0 0 2

NC 0 0 S 19 5 13 1 22

uu 0 a 0 0' 2 S 2 4

Total 0 0 & 23 7 18 4 S
$

Total

Ran hF

5 IL

1 2

10 33

2 4

18 60

Total

Ran MF

1 2
1 4

it 34
4

1? 49

CHI-SQUARE F-HAT
rORf 2 rcsr PERIODS

57

12I| 3

3ý4

3 7

CHI--SQUARE UmLUE

FOR 2 TEST PERIODS

Ran MV

LS 2.66? . 6.231

SL 0.000 0.66?

NC 0.048 O.O1

"i O.64? 1.023

TOTAL 0.02S 0.010

CHI-SQUAWE - 5.841
<J.f. - 1)
<4lPtNa - .06)1

a

CHI -SQUARP.
F-HAT 0-2

Rau MVF
LS 0 0
SL 0 0
NC 1 4
mm 0 0
rorAL 1 4.

CHI -SQUPAE
V)ALUES 0-2

Ran4 MV
LS-- -

NC 1.000 8.0001•;fL 1.0. .. 0€4 .00 8.O
uia....

2-4

*a" MV
a 0
1 2
4 1i
0 0
5 17

* 2--4

Ra, MF

1.000 4.000

1.00. q4.25S

4--6

Ran M
1 2
0 0* S 12

1 3
6 16

4-6

Ram MF

0.111 0.391
2.000 5.000
0.333 0.606

3 5
I

2 4
7 13

6-8

Ram ,F
1.000 2.00o

0.333 0.64?

1-923 3.946



rable C31. inndl ia Poirot hanner toet woisi tort ng u.nsr. IS deorer..
obliqlue trwinsducer Loc:ated -at umnt ., inlr :sI* 95.

T1idal Phase: I hr after Drw.ition of Test: 10 Kin hnrz 1t2Q3 Trst DOate: 2/1IS/6,
high td Te0 sec Off T..St Ti.: 0035O

to MIM-uTES EREFIAE TEST PERIOD
tft~i¼E (n044tflre)JF

T e-2 2-4 4-6 .- 0
Trae ---------- ---.-.. ........ ....ryp.; R ism MF R• a" W R.W4 UF" R.. BIF

LS 0 0 0 0 !T - 4

SL 0 0- 1 -4 1 3 0 a

tIC a 0 1 4 2 5 S 10:

um4 0 ,) 0 a 1 :3 0 0

Total 0 0 , 0: 6. 16 1 14

10 limi.ITES oURINmo TEST PERiOD
RANOE <wter s)

0-2 2-4 4-6 6-0
-r ace - -

Tmpi Raw, MF Raw MF R um MF Ram UF

LS cs 0 0 0 4 - 163 1 10

SL n 0 Ui 0 1 3 0 a

NC 0 U 3 1i t i 211 2 4

mu 0 a 0 0 2 S 1 2

T 0 0 3 it iS 4l 8 16

to nznurrs AFTER TEST PERIOD

0-2 2-4 4-6 6-8
Tra----e ------ ----

po R.-aWF tan MF I-am Sr Ran l1P

LG 1) 0 0 0 1 ,3 6:

SL 0 0 a 0 0 1) 0. 0

W! 0L* 0 2 8 3 0 2 43

MM 0 0 a 0 0 2 .

rotal 0 0 2 8 -4 It f 12

rotiat

4 1

2 7
8 19

1S 3e
±5 30-

rot a)

PaM Mr
3 :20

16 43
-3

Total

fPaw MF
4 3

0 0
7 20

1 2

12 31

C•HI[ -- SQ~fIJ•i? F-HHT
FaR S TEST 15ER io00

Stan MF

6 1L3

I

10
2

3

2?

4

18 4r

C641 -SQUORE UALUE
vOWp 3 TEST PERIODS

Na.a MV

LS 1.033 5.231

So. 2.000 9.333,

ml: 5. 00 14.66?0

Nu 0.500 3.5.00

TOTAL 11.222 22.6.5.

CIII-SQUARE - S.191
(.j.f. a 2>
cslphA - .0"S

CHI -SIUF.PE
F-HiT• 0-2

NRaw UF
LS 0
5L. 0
NC: co
uM 0
TOTAL Ci

CHI -SIIUAP.E
.UILIJES 0-2

*Ran MF
5k. ------

SL. - -.

r1414 . .. ..-T Wu VtL. . .

0
I)

0
a)

2-4
Raw MF

0 a
0

0 0

2-4

Raw MF

-- 12.000
1.0Cm 2. 125

I.SCUA 0.66?

4-6

2 is

S 1.1

3 2-3

3.500,' 4.. 33

2.0=800 3.13=34

1.3. 77*1 30,'.075

,. 7(a 0

1 1

N-a.'• MV
2.66r 1.sr-1

2,00am 4.000
0 .0re 4.000
0.JtC. O.S7 t



Table C40. Indtars Point hapmer tost eonitor-ing u 1ing S dogr"
obli•qpJ. trnsd<ucer 1Qc=at d At unit 3, in ak* 35.

Vidal Phase: 2 hrs after Oraation of rost:U; min. hers I120t
high tide1 T.r*.tnw.nt Type*. 30o sc on, 20 sec of! f

TYost oate: 2/19/00
T*At Tmin.: 0125aaeaafaasm~mflaa e q.nSaaflflafeeeeea aa==eeatnssauaananssffflaa

10 WINUTES PEFORE TEST PERIOD
RRNOE Cpwtors>

0-2 2-4 4-6 -- 6--TraJce
TR . M Rai MF" Rau HF Ram MF

LS• I 0 0 a 0 10 :

SL 0 0 .0 0 0 a I *

NC 0 0 1 4 1 3 3 6
H14 0 0 0 0 0 a 0 0

Total 1 0 1 4 a 3 9 18

10 nImuTIS DURIna TEST PERIOD
R&NOE CiJtors)

0-2 2-4 .- -
Trace --
Type Rm., M, Ram M. MF Raa IF

LS 0 0 1 4 2 5 t 1o:

SL 0 0 0 0 0 0 0 0

mC 1 e 1 4 1 3 i a:
"M 0 0 1 0 0 a 0 0
Total 1 f 2 a a 3 6 12

10 hINUVES AFTER rEsr PERIOD
RAWI[ C000ters>

0-2 2-4 4--6 6-8
Trace -- - - - - - - --- -- -- --
T.lpo Rom . F i-1.44 MF R-au 1F Ru 16 -- :

LS a 0 1 4 0 0 2 4

SL 0 0 0 a 0 0 0 0

NC 0 0 0 a 0 0 1 2

144 0 a 0 0 0 0 0 0 2
Total 0 13 1* 4 0 0 3 6

CHI-SQUORE
F-Hnr 0-2 2-4 4-6 6-0

Rawu ,F R&." H Rauj MF Rai0 HLS 0 3 1 3 1 2 4 aSL 0 0 0 0 0 0 0 1
"C 0 3 1 "3 1 2 2 3
MW 0 0 0 0 0 0 0 0
TOTAL 1 5 1 S 1 4 6 12

CR) -5OUfPRE
J•ILUES 0-2 2-4 4-6 6-e

Ram WHF Ro" iF R.iw MVF Rau MF
LS -- 13.333 0.000 2.&.67 2.000 7.500 1.500 3.000SL -- -- -- -- -- -- 2.000
NC -- 13.33 0.000 2.667 0.000 3.000 0.500 4.667LJJ .. .... .... .... -- -

Total

Raim HF

6 18

1 2

s 13

0Z 0
12 33

Rau wF

a is
0 a

4 17

0 0

12 36

Total

Rau HF

0 0

1 2

0 0
4 10

CHI -SQURRE F * T
Fo& 3 TEST PERIODS

S 1MF

- - - - - - -

3

0

9

11

0

26

CHI-SQUARE UALUE
rim• 3 rcsr PErIrOS

Ross UF

LS &. 167 4.S35

SL -- 2.000

KC 4.000 10.000

TOTAL S.V70 16.57?

CHI-SOUARE - S.SS1
(d.f. 2)
C4Ipha - .GS)

rOTA•L 0.000 9.600 2.000 31. ZOO0 &S.oj 00 . Lso5 3.4000 6..001)



Table C41. Indian f Pcitt haoner test mtonttorlng u-sint 15 doq&ea
oblique transducer located at unit S, Lntk.1 S.

ri.jai Phase: 3 hg's tfor Dur0ation of Twst:. 1O min hrws 1,2&3
1o04 ti.1. rr.*at"ent rTpw: 30 bC or.n, 0 s.c off

Test Date: 2/19/00
Tost Tx"$: 0335

10 AII4MTES BEFORE r[5i PERIOD
RANG cOl (Reerst

0-2 2-4 4-6 6-0
Tra*e "-
Tyjpe RaI.. ,F Rt am MF R am IF" Raem UF

LS 0 0 1 4 0 (' 1 2

StL J 0 O 0 1 . 2

NC 3 0 1 4 1 a 1 - 2

MM U 0 0 0 0 0 0 0

Total 0 0 2 0 z 6 31 6

1O nIzuyws DURozw TEST PERIOD
RhNOE <mwtwrv>

0-2 2-4 4-6 6-0
Trace - - -
r.p*. Ram. WV 1.uF4 R ORN i MV U Rae" hF

LS 0 0 0 0 0 0. 0 0 :

SL 0 0 0 0 1 3 0 0

k4C 0 0 0 0 3 0 3 6;

law a 0 0 a3 0 .. Q 0 0

Total 0 0 0 0 4 I I 3 6

10 frn]tiUES AFTER TEST PERIOD
RAPME <motors>

aI4a~ Ur

2 £

"2 S

3

0 0

7 20

Total

Pao Ur
0 0

6 14

0 0

7 IT

Total

paw MF

0 0
0 0

S 14

0 0

S 14

CeII-S5URRE F-HAT
FO)R 3 TEST PERIODS

1 2

1 3

00

IT2.

CHI -SQUARE UFILUE
F•R 3 rTEr PERIODS

Rae' M

LS 2.000 12.000

SL 2.000 3.333

NC O.000 2.41?

TorTL 1.o00 1.059

0-2 3-4 4-6 6-0
Trace
TUp* R am WF Ram MF R414 Mr Rae MV

----- --------------------------------- --- --- I
L ci 0 0 0 00 00

SL a 0 0 (A 0 0 0

MC 0 0 1 4 3 a 1 2 2

UM 0 0 0 0 0 0 0 0

Total cd 0 1 4 3 8 1 2

CNI -SaUFLPE
F-KAT 0-2 2-4 4-6 6-9

Ram' WF Ram. MF Rae MF Ras. UF
LS 0 0 0 1 0 0 0 1
SL 0 0 0 0 1 2 0 1
tic 0 a 1 3 -2 6 2 3
NM 0 0 0 0 0 0 0 0
TOTAL 0 0 1 A4 3 2 S

CHI-SOUARE - 5.191
<.9*(. f 2>
C 1 ia•4 .06)

CHI -SQLIARE
"ALUES 0-2

Ram. WF
LS, -- --

Tow ,. .. ..-TOTAL . .

2-4
----------

-- 12.000

0.000 2.66?

2.000 0.000

4-6
----.. M-

0.00O0 3.0O30

6-S

Raw U.F

-- 2.000
-- 2.00Q

O.SOO 4.667

2.500 &.200



(I

Table C42. Indiats Poirot haver test wonitorirag using I Is "-ep
obliqoue trninsdu.cer lcated at unit 3v inttake 35-

Tidal Phase: 3.5 hrs before Duration of test: 10 "in hw$s 1,205
lo tiade rw-eotmnt Trop: 30 s~c on, 40 se* off

Test Date: 2/19/S0
Tvst Tin*: 035S

...................... a ................ a .... M-0 ........ a .......... .. a ...... a. ..... "-=.= .......... moom-ft. . . .....
10 lNUiTES DURImo TIcT P£1RIOD

RANOE <'Meters)?

Vq1 pe

0-2 2-4

Roo" mr Ra m uM Ra,. MV

6-8

LS 0 0 0 0 1 3 0 0

SL 0 0 1 4 1 3 0 a

MC 0 0 3 11 r t6 1 2

mm 0 0 1 4 1 3 0 0

Total 0 0 5 19 10 27 1 2

10 hiimUTES AFTER. TEsT PERzoD
RANGE <Ceters)

0-2 3-4 .4-6 6-0
Trc-e 

-,

TUpv Rau mlF Rae MF Raw MF Raw W
LS - - - -- - - - 2 4

=

Total

kau LIV

1 3
2 -7

2 II 31

2 r

16 40

Total

Pau MF

2 4

4 11

2 4

13 22

2

2

6

21

36

CHII -SQUARE F-HAT.
FOR 2 TEST PERIODS

Raw MF

24

SL a 0 0 0 1 3 0 0@

NC 0 0 1 4 2 5 1 2:

SMi 0 0 0 0 0 0 2 4:

Totel 0 0 1 4 3 0 6 10

CHI -SQUARE URLUE
FOR 2 TEST PERIODS

LS 0.333 0. A43

SL O. 1.600

mC 3.2I7 9.524

WM1 0.000 0.809

TOTAL &.Sao 9.6o7

CHlI-SOUARE or 3.841
(,J.f. o- I)
(alpha - .05,

CHI -SQUAR.E
F-HAT 0-2

Raba MF
LS 0
SL014 0
641 0
TOTAL (o

CHI -SQUARE
WALUES 0-2

Raw MF
LS .. ..

iC .. ..

rorviL. .. ..

0
0
0)
0
0

2-4

Raw MF
0 0
1 2

2 13
1 2
3 12

2-4

aau MV

1.000 4.000
1.001 3.2-67
1.000 4.000
2.C67 9.7'3

4-6

Ra MV
1 2

S 12
1 2

4-6

Rau MF
1.000 3.000
0.000 0.000

3.76S t0.3N4

6,-8

Ru.. UF
1 2
0 0
1 2
1 2
3 6

6-8

2.000 4.000

0.000 0.000
2.000 4.000
2.6&r s.333



Table C43. Indi On Poaimt htaer t:est tonlteorirg ustin 15 det-
obliq,.e tranducoer located -t unit 3, in.take 15.

Tidal Phasxv 2.5 hra bwfor* Duration of rist: t0 "in twrs to2&3 Test Date: 2419/6lum tide trertoten a Tje: 30) s*4: on, 20 "c Off T.st Tiase: 0415
10 

.lN'TES DUR. 
. . .

TE.T 
..

PIOD.

RFI4N0 (M•t.V-s)

0-2 2-4 !4- - 6:-8
Trace --- --- --
Trp- Ra WF Raui MF RAm MF Rosa MVF

LS 0 ) 1 4 7 t -
SL 0 0 0 0 0 0 a 0

NC 0 0 2 8 6 is 1 2:

Mm 0 0 0 0 0 0 0 0:

Total 0 0 3 12 13 33 4 8

10 fImUTES AFTER TEST PERIOD
RRMOE <nwtw.rs

0-2 2-4 4-6 6-0
Trace ----- - - -- - --
Type. RAR MF RWaw MF I.4 MV
L.S a 0 3 11 1 3 Q! 4 I
SL aO 0 0 0 1 3 It 2
HC I B 4 15 3 a a 4
MW 0 0 0 0 2 5 0 0 1
Total a 7 1 26 7 11 6 to

Total

PA4u MF

11 20

o 0

1 25

0 0

20 53

Total

2 S

10 35

2 S-

20 63-

ClII -SQURRE F-HAT
FOR 2 TES" PERIODS

Raw. MF

9 23

1 3

10 30

20 5s

CHI-SQUARE UALUE
FOR 2rEsr PERIODS

PRaM MV

LS 1.4r1 2.17?4

SL 2.000 5.000

Mr. 0.053 1.66?

MM 2.000 5.0510

TOTAL 0.000 0.06z

CHK-SQUARR - 3.041
(d.C. - I)(alpt.. - .05)

CHI -SQUARA
F -HAr 0-2

Rage MF
LS 0 0
st. 0 0
MC 1 4
MU 0 1)
TOTAL 1 4

CHI -SQLIARE
VALUES 0-2

Rai MV
5L .. ..-

14C 1.000 8.000

rOTAL 1.000 0.004)

2-4
R~a, MF

2 6
0 0

3 123o 0

2-4

1.000 3.267

0..667 2.130

1.1.00 5.158

4-S
R-w MV

4I II
1 2

1 3
1o 26

4-0.

Rau MF
4.500 10.r14
1.000 3.000
1.000 2.130
2.000 5.000
1.600 3. 7613

6-0

Rau MF3 5
1 11

2 30 0

6-0

Rau MF
0.200 0.400
1.000 2.000
0.333 0.647

0.111 0.222



Table C44. Indian P6ivot haw.er test monitorxrg u:ing i5 de.gre
oblique tranisducer locat.ed t .. t 3, ir, SMd. 35.

Tidal PhazeZ 2 hrs Lweorv Oration of Test: 10 Kin hmrs t,2a3
low tidea T*-e.t~-inl.ft Typ*t: 30 sec on. 30 s~c off

rest Date: 2/19d/0
Test Time: 041S

-- MINUTES 
--

R-I----- 

- -
pia-O

RANUE <..et*#-s3

Tc-2 2-4 4-2- 6-8
Trace-

Trpv Rkm-. F Raa MV RP-a 1V R 41 3

LS 0 0 1 5 2 S 1 2 -

SL 0 0 0 0 0 0 0 0:

HC 0 0 2 a 2 5 6 6

MM 0 0 0 0 0 0) 0 0

Total 0 u 3 12 4 11) . 6

I0 nMNUTES AFTER TEST PERIOD
RfAtw*OE (K.t.rs>

0-2 2-4 4-6 6-0Trace - - - - - - - - - - - - - - - -

Trjp, aaw MV Rau•. MV R F Ran MVr

I.S 0 a 1 .0 0 )0 0 0

SL 0 0 0 0 0 0 0 0

NC 0 0 0 0 1 3 2 4-

-1d 0O 0 0 0 1 1 0:

Total 0 0 1 4 1 3 V 4

Totai

Paw MF

4 11

0 0

7 1

0 0

11 30

Total

Raw MF

1 4

0 0

3 r

O 0

4 11

CHI-SQUARE F-HRT
FOR 2 TEST PERIODS

Rau OF

5 0

0 0

S

0".

0

13
0

22

CHI -SQUARE UALUE
FOR 2 TEST PERIODS

LS 1.000 .3.26r

SL - --

eC 1.600 S.S3

TOTAL 3.267 8.005

CHI-SQUfIRE - 3.841
Cd.f. - 0)
(.1hiptla -p .S).

CHI -SalURPE
F-HAT 0-2

Rab MF
LS 17
He 0NC Cj
Mi 0
TOTML 0

CHI -SQUARE
IIL"LuIs 0-2

Raw MV
LS .. ..
SL . .

"I'OTfIL. ..

0
0a,
0)
a)

2-4
R-as MV

1 40 0

1 4
0 0

2-4

Raw MF
0.000 0.000

2.000 6.000

I - fir 4-110"

4-6
Ran MV

1 3
ca a)
2 4

31

4-i.

R&,4 Mr"

2.000 S.W)O

0330.S50l

6-0

R Z04 Wr

1 10 0
3 5
0 0

6-0

Raw MF
lCooO 2.000

0.20(a 0.400

m). -6?• 1.333



Table 045. Indian Poirot hamer test monittoring using 5 degree.
obliqu• tr.bnsdu•-*." located At kmit 3, Intake 35.

Tidal Phase; 50 itri after Du.rattion of Test: 10 "in hmrs 1I263
high ti do re-atwmint ruQ,: 10 s~c on, 20 !.c ot*f

Trxt D4tw: 2/19/80
Te t Tirte! 1235S

in.. . ....l... ... ....l I0 ..Si I . a-... ------- - i 1 ii

10 1HIJI"IES OURINO TEST PERIOD
RfRNOE <weters)

Trace
Type

0-2

Ram WF

2-4

RON MF

.4-!-

Raw UF

It -s
Ratj Mv

LS Cm 0 2 S 3 0 4 .3.:

SL 0 0 0 0 1 G 0 a

1C 4 C 0 0 a 3 7 1?:

MU 0 0 0 5 8 0 a 0

Total 0 0 2. 0 8 22 15 25

10 MINUTES AFTER TEST PERIOD
RANOE (Cetwrs>

0-2 3-4 4-6 6-S
Trace ---- - - - - - - - -- - - - - - -

ru-Ram MVF Rawt U R&"i WV Ram MV

L0 S 0 0 1 5 4 8

SL 0 a a a a 0 1 a

MC 0 0 1 4 S 13 2 4.

MW 0 a 0 0 0 0 0 0

rTtal a U 1 4 . 16 7 14

Total

S 24

I 3

10 20

23 5S

Total.
Raw Mv

5 11

o ai

O a

14 34

CIl-SOQUARE F-HAT
FOR 2 TEST PERIODS

Ram MF
* 18
1 to

- 4

1s 45

CHI -SQUARE UALUE

FOR 2 TESt PERIODS
Raw MIV

LS 1.143 4.029

St. 0.000 0.200

Mir 0.222 0.024

MUM 3.000 .000

TOTAL 2.109 4.155

CHI-SQUARE: - 3.841
(d.f. - 0)
(41 pha .OS)

CHI -SPLARVE
F-HAT 0-2

Ram UF
LS 0
SL 0
I4C a

TorAL 0

C'HI -SOLOARE
IIALUES 0-2

Raw MFLS .. .
Si- -- --

r4c - --

TOrFtL ....

00
0
0
0

2-4

. 4
. 1
1 3
o 0

2-4

2.000 0.000

1.000 ,4.000O

4-6

- S
1

8
2 4

4---

Ram WF
3.600 2.273
1.000 3.000
2.66? O.254)
3.000 0-000
0.2"~ 0.1%47

Ram MF
4 8
1 1
1. 11

0 0
10 20

6-8

Ram MF
0.000 0.000
1.000 2.000
4.4S5 8.048

1.800 3.103



TYb1. C46. Ir diave Point ha"tmr test ltonitorLrg using I5 dejrwe
oblique traas4u.,er located A:t unit 31 inek* 35.

Tidal Phase, I hr atte Duration of rest: 10 "rin h-ir' 1R3 Test D"t:e: 2/151/80
hig% tide T.eatowInt Typ: 10 &%c ors, 30 we, off Test Tire.: l25s -

10 nINUTES ouRt~rRN TEsT PECRIOD
RANGQE (~ector s)

0-2 2-4 _ -_- 2--
Tr-e ----Tep e R-eu MIF Ra" UP Rare MM" Ram paw

LS 0 03 0 0 0 0 2 -1

S- 0 0 0 0 0 0 0:

NC 0 0 1 4 5 13 4 8:

.. . 0 0 0 0 2 . . 2S_

Total 0 0 1 4 7 -18 i 14:

10 HINUTES aFTER TEST PERIOD
RANGE C(aeters)

0-2 2-4 4-6 B-8
Trace----- ----- - ----
TOpG R.are M ." Raaj MV" Rare . . Rare MFU*

LS 0 0 C 0 0 0 1 2 1

SL 0 a 0 0 0 0 0 0 9

NC 0 0 0 0 4 10 4 8 4

MU 0 0 0 a 2 S 0 0 S

Total 0 0 0 0 a 15 5 10 1

Total

2

CH][-SOi"ORC F-HATFOa 2 -ETS PERIODS

941V

2 3

0 0

S 22

0

10

0

2S

3

15 36

Total

1 2

0 0

2 9

11 2S

13
B

31L

CHI-SQUARE WRLUE
FUR 2 TEST PrERIODS.,

LS 0.333 0.s6r

SL ....

NC 0.222 1.140

MM 0.200 0.333

TOTOL 0.615 I.S64

CHI-SQURRE - 3.041
c.j.r. - V,
(dlphf - .0S>

CMI -SOUIRE
F-HIT 0-2

Rae., UF

SL 0
14C 0
U14 0TOTAL 0

CHI -SQUARE
IihLUES 0-2

Ra• MVLS -- --

SL .. ..NC .. ..-

MC .. ..saw - -

0
0
.3
0

-2-4 -- --- - -0

Ram 6 MF Ram UF R-64. M"
0 0 0 a 2 3
(1 0 0 0 0 0
1 2 5 12 4 a
0 0 2 5 1 11 2 17$ B 12

2-4

R•.w MF

1.0001 4.000

1.000 4.000

4-6

Rare MV

0.111 0.391
0.000 0.000
0.07? 0.273

6-0

Ra&M MF
0.333 0.&67

0.000 6.000
1.000 2.000
0.333 0.6"?



Table C4?. Inditar Point htanner test wonitoring using 15 degree
o*blique tr4.nsduc*r located at unit 3, in &c 3S.

ridal Phase: I hr after
htgh tiJd.

Duration of Test: 10 min hmnrs 1,2&3
Tr,.tsnent Tjp.: 10 s.-.c on. 40 zec off

Test Date: 2ZIS/88Twzt Tl"*: 13is

10 hIMJTES DJRINO TEST PERIOD
RANCJE (netmrs)

• 0-2 2-4 4-6- 6-8Trac - - --

Tvpe R.su Mr R4.64 WV Rau W R24, MW

LS 0 ) o 0 0 0 2 4

SL 0 0 a 0 0 0 a 0:

NC a 0 3 t1 10 25 3 6

MM 0- 0 . 0 0 1 3 1 1 2

Total 0 0 3 It 11 203 6 12

10 rHIOUiES AFTER TEST PERIoo
RANGE Cfetwrs)

0-2 2-4 -4- 6-8

Trace --------------------------------------------------------T~ap4. Raa 14iP Raea WVF Ita MV Raw MV

-LS C0 a 0 0 ( 0 1 2

5L 0 0 0 0 0 0 0 0

Mc 0 0 2 a 3 8 3 6

MIM 0 0 0 0 1 3 0 0

Tot a1 0 0 8 .4 11 4 a
I

Total

Rail MV

2 4

0 a

16 42

2 5

20 S1

Total

Raw lIF

1 2

0 0

8 22

1 3
- --- --- -

ClItI-S-OUME F-HRtT
FtO. '- TEST PERIODS

Ram. MV

2 3

a 0

12 32

2 4

IS 30

CHI-SQUIRRE UALUE
FOR 2 TEST PERIODS

Ram MVW

LS 0.133 0.s6?

SL --..

tC 2.6&r 6.260.

MM 0.333 0.500

TOTAL. S. 33 r3 T.30s

CHI-SOUARE - 3.041.
Gd.f. - 0>
<41pha - .05)

CHI--SOUARE
F-HmT 0-2

Raw WV
LS 0 0
SL 0 0
hC 0 0
MM 0 0
TOTAL 0 0

CHI-SQUARE
UVALUES 0-2

Rau MF
LS .. ..
SL .. ..

TOTAL .. ..

2-4

Ram MF
a a0 0
Ct 0

0 0
N 10

2-4

0.200 0.474

0.2043 0.474

4-6

Ram UF
0 O

7 1?1 3
8 20

M404 WV

0.000 0.008)
3•.26? T.411)

6-8

Ram MW
2 3
0 0
3 6
1 I
S 10

&-8

Ram MF
0.333 0."4?

0.000 0.000
1.00Cm 2.000
0.400 0.800



Table C49. Indiatn Poinst haa.,r test monittoring using 15 degree
oblique tranjducer located 1t unit B& In take 35.

Tidal Phase: 1.S hrs 4fter Dur[ati• n of Test: IQ nin hirs 1, 2At Test Date: 2/19/08
high ttd* Yt'*4tmn; Typeo: 20s ,.c o-ff Test Tin*: 133S

10 . .INUTES .I.N. TES. PE.IOD

RANOE (.neters)

Trace
Tqp&

0-2

R6at WF Ram MF Ram M

6-8
Re.. M

LS 0 0 3 I 2 5 1 2

SL 0 0 0 0 0 0 0 0 3

NC 1 a 3 it 2 5 2 4:

0 0 0 0 0 0 2 4:

rotal 1 6 2z 4 10 S 10 z

t0 MINUTES AFTER TEST PERIOD
RANGE (1<..trrs

0-2. 1-0 4-6 6-4 :Trace ----- --M
Type Ri.. MF RM M Ram MF Ram MF

LS 0 0 3 it b 13 0 0:

SL 0 0 1 4 0 a 0 0

NC 0 0 0 0 2 5 . 2:

"M11 0 0 0 0 a 0 0 03

Total 0 0 4 13 1 2 :

Total

6 18

0 a

o 28

2 4
-- - --- -- -
16 so

Total

p&" MV

1 4

5 r

0 0

10 30

CHI-SQUARE F-HnT
FPp - TEST PERIODS

Ram MF

I 2

I-

13

2

40

CHI-SQUARE UALUE
FOR 2 reTi PERIODS

Ram uF

LS 0.000 O.0o2

SIL 1.4100 4.000

NC 2.273 12.6.0

"M 2.000 4.000

TOTAL 1.305 S.000

CIII -saUA. c - 3.041
<d.4'. - 1>
(alpha - .05)

CHI -SQUA.E
F-HaT 0-2

Ram 64F
LS 0 0
SL 0 0
NC 1 4
MM 0 0
TOTAL 1 4

CHI -5QUAp.
IL•ALIIS 0-2

Rau MF
LS .. ..SL . .
HiC 1.000 0.000
UM . .
TOTAL 1.000 8.0a2U

2-4

3j 11- - 2

2 6
0 05 19

2-4

Ra. WF
0.000 0.000
1.000 4.000
3.000 11.000

0.40J0 1.,524

30 0
2 50 0

S 12

4-6

Rat. MV
0.200 0.692

0.000 0.9100
0.111 0.391

-0--

Re.. MF
1 I
0 02 3
1 2
3t 6

6--8

Rae. MV
1.000O 2.000

0.533• 0.1.,67
2.000 4.000
2.&G6? 5.333



rTb]* C49. india, Poik.t ha.,sr test monitoring using lS dogree
oblique t,*.r. sducer located at unit 3. intake 3S.

Tidal Phaa.*- 1 hr before Duration of T~st: 10 min hwz 1,2.. Toot Oat*: 2~19IB8v
Nig-: 20 s-c on, 30 s.. of le.t Time: 1355ih nhthurm•- DIJdatL tr 2ryp*: 20m

.. . . . . .. . . . . . =I[N T: -J--------- ...... a -- -- -- -- -- -- --

RANGE (<~ters>

0-2 2-4 4-6 6-8
rr---- -------- -- ---
r q pR RaRs Ur *am. 6F Rams UF Rawa MF

Li 0 1) 1 4 1 3 C 0

SL 0 4) 0 0 0 0 0 0

a4, 0 0 0 0 1 3 4 6

MWI 0 0 1 4 0 0 0 0

natal 0 0 2 a 2 6 4 6:

c0 tINurEs AlF1E- TEST PERIOD
RANMGE (<etors)

0-2 2-4 4-6 6-8
Trraco-e - -
1"pe Rmau lF Raiu UF Raw MVk• t"u M

"LS 0 0 0 0 a 0 0 0

SL 0 0 0 a 0 0 0a

14C 0 a 1 4 1 3 1 2

UMK 0 0 0 0 0 0 0 0

Total 0 1) 1 4 1 3 1 2

CIII -SQUARE V-HAT

Total

Paus W

2 2

0 0

5 11

1 4

S 22

Tota,

PRat MV

O 0

O 0

3

0 0

3 9

C111 -SQJARE F-HAT
FOiR 2 TEST PEkI1ODS

Raw MF

1 4

0 0
,4 10

1 52

16

CIII -SQUARE UALUE
Fok 2 rEST PERIODs

Raua UF

LS 2.000 r.Oto

SI. ----

." 0.500 0.200

U• 1.000 4.000

TOTAL 2.273 16.452

CH1I-SOUARE - 3.841
<(.44. - 1>

. .0s)

CHII-SQUAE
F-lmlr 0-2

Raw MU"
LS 0
SL 0
tf4 0
Lou aI
Tom~. Cs

CHI -SOUAR.I
IIIILI, ES 0-2

Ram UF"

roL .. .
LS, . .
SLa . .

0
0)

a)

2-4

Raua MF
1 2
0 0

1 2
2

2-4

Rau MV
1.000 4.000

1.000 4.000
1. 000 4.000
0.33N 1•333

4--'

Raba MV
1 2
0 0

09 0
2 S

4-6

Re'0 MV
1.000 3.000

0.000 0.000

0.333 1.6000

Ramw MV
0 0
0 0

5
0 0

6-8

Rau UF

1.000 3.6`00



Table C50. Indian Poisit hK&uPwr tost nonitoring ustng 15 d.gji.
oblique t•ransducer 1ocated at unit 3, Mtakw 35.

rTdal Phase" 2 h-s aft.r
high tida

Niration of Test: 10 ntn hirs 1.2Q3
r•'..tHmnt Tgpv: 20 xvc or. .40 a~e oi'

Test DOte: 2/ df/0S
T..s T L vs*: 1415

flflfl~~~~~~ ............. a n a s w np f ai ~ ffl a.aa ~ai a na u
to mlIN~ur aut OUR TE0ST PERIOD

RANGE (Meters>

0-2 2-4 4-6 6-:
Trace - -- ---- -- -
rypG. Ram MF RV MF R•4" MF Rl.4 ME

LS 0 0 0 o a 0 0 a

SL 0 0 0 0 0 0 0 0

1C 0 0 1 4 1 3 1

mw 0 0 0 0 0 u 0 0

Total 0 0 1 4 1 3 1 "

10 nINUTES AFTER TEST PERiOo
RANOE <motors)

0-2 •2-4 4-6 6--
Trace ---- -- - --------- ------
Type Ram WF R.u MF Rau &V Ro MVF

LS 0 0 0 0 0 0 ai 0

SL 0 0 0 0 0 0 0 a

NC 0 0 0 0 1 3 0 0:

um 0 0 0 .0 0 0 1 2:

total 0 0 0 0 1' 3 1 2

Total

Ra, MF

0 0

O 0

0 0
9

Totatl

R au 1F

0 0

0 0

1

1 2
2 5

CIII-SQUARE F-HOT
FOR 2 TEST PERIODS

Ram MV

0 0
0 0

6

I[ 1

CHI--SIJARE VALUE
FOR 2 TEST PERIODS

Ram MF

LS --

SL --

PC 1.000

mu 1.000
TOTAL. 0. "-00 ,

CIII-SOIJRE - 3.041
Cd.(. 0 1)
<4lpha a .05>_,

p.000

~.O0o

1.143

CHI -SQuftit
F-HRT 0-2

Ram* UF
LS 0
SL 0
tiC 0
MM 0
TOTAL 0

CHI -SQUARE
WALUES 0-2

Ram MF
LS .. ..
5L -- --
ti .. ..
Mw .. ..ro•rI. .. ..-

0
0

0

2-4 4-1.

Ram. MV Ram MF0 0 0 0
0 0 0 0

0 0 0 0

0
0 0
O 0
I t

1 2

Ram. M&

1.000 2.000
1.000 2.000
0.000 0.006)

2-4

Rom MV

1.000 4.000

1.00o.I 4.000

4-6

0.000 0.000

0.000 0.000



tabl .CSI. Indian Point ha..er" test monitoring using 16 d*gree
oblique transducer located at unit 3v Intake 3S.

ridal Phase: At high tide Duration of r.stt 10 min. hnr 3 only
Treatme.nt Type: 20 soc on, 30 sec off

- . ------- a.....= =am - -- -............... .a .a.

10 WItUMES BEFORE TEST PERIOD
RANGE (,.t.r.s)

0-2 2-4 4-6 6-8
Trace ----
Type Rau UF Ram W" Ram4 MF Ram MF I

LS 0 0 1 4 2 5 a 0 1

SL 0 0 1 4 0 0 0 0

mC 0 0 3 11 2 S 4 B:

"M 0 0 0 0 1 3 2 4

Total 0 0 5 VA 5 13 6 12 1

10t INurEs DURING TEST PERIOD
RANGE moetors)

0-2 2-4 4-6 6-6 1
Trace --- ------
rupe Ram MF Ra- -- Ra -IP Ram MF z

LS 0 0 1 4 2 5 1 2:

SL 0 0 1 4 0 0 0 0

U4C 0 0 0 0 2 5 1 2

M6u 0 0 0 a 0 0 1 2

Total 0 0 2 8 4 10 3 , 1

10 MINurEs AFTER rcsr PERIoo

Red""E coteras)

0-2 2-4 4-6 6-8 1

rTpe RAt& UFr Ram SW Rat. Ratm MT t

LS 0 0 0 0 1 3 1 2

SL a 0 0 0 0 0 0 a

NC 0 0 2 0 5 13 3 6

MU 0 0 0 0 2 5 a 0 1

Total 0 0 2 8 8 21 4 8 a

Total

Rat. MF

1 4

9 24
3 7

16 44

Total

Rat. UF
4 11

1 4

3 7

1 2

9 24

Total

Ram sE
2 5

0 0

to 2r

2 S

14 37

Test Date: 2/20160
Test Tine: OOI0

CHI-S-UARE F-lAT

FOR s TEST PERIOaS
Ra,' MF

13

3 a9

2 5

CHI -SQURRE VALUE

FOR 3 TEST PERIODS

Rau MV

LS 0.66? 3.375

SL 0.000 2.66?

NC 5.143 1".263

W" 1.000 1.600

TOTAL 2.000 6.806

CHI-SQUARE - 6. 91
cd.f. -2),
<alpha -. 09)0

CHI -SQUARE
F-HAT 0-2

Raw MF
LS 0
SL 0
Mc 0
Mu 0
TOTAL 0

CHI -SQUARE
UVLUES 0-2

Ram MF
LS . .
SL -
NC .. ..

-raTL. .. ..-

0
0
0
0
a

2-4

Rat MF

2 6
0 0
3 12

2-4

Rau 1F
0.000 2.667
0.000 2."67
1.600 11.033

2.000 5-750

4-6

Rat MV
2 4
0 0
3 6
1 3
6 15

4-6

Ram UF
-0.SOO 1.7SO

2.000 4.3rs
2.000 3.333
.0.600 3.333

6-8

Ra. MF
I I
0 0
3 5
I 2
4 9

6-8

Ra. MF
0.000 4.000

0.667 4.800
2.000 4.000
2.2S0 1.l1l



Table CS2. Indian Point hamner test monitorin g using IS dogre.
oblique transducer located at unirt 3& intake 35.

ridal Phase: At high tide Duration of Test: 10 nino hSr 3 oawiV
treatnent rType: 20 sec on. 40 soc off

Test Datae 2/20/80
rest rime: OOS

10 MI.UTES . .URING TESt PER.O.

PARKGE t(eterZ)

0-2 2-4 4-6 6-8
Trac* --------
Tupe Rau MF Rale MV it4 MF Rb44 MF

LS a 0 3 11 2 5 0 0

SL 0 0 2 8 3 a 0 a

Nc 0 0 4 15 4 10 0 I1:

MM 0 a 0 0 0 0 1 2.

Total 0 0 9 34 9 23 9 17 =

10 MINUTES WFIER TEST PERIOD
RANGE ,<meterss)

0-2 2-4 4-6 6-8
Trace ........ " . . . -
Tlpe Ran M Ra. lIF Rau WV Raw. MF

LS 0 0 1 ,4 1 3 0 to

SL. 0 0 0 0 0 0 0 0

mC 0 0 3 it 4 10 1 2.

MM 0 0 0 0 1 3 1 2

Total 0 0 4 is 6 16 2 4 -

Total
R~AH wl1

16 40

1 2
27 ?4

Total
~a.. MF

2 7

o a

a 23

2 6

12 3S

CHI-SQUhRR F-HFIT
FOR 2 TEST PERIODS

a. M1
4 12

3

12

8

32

2 4

20 55

CHI -SQUARE VALUE

FOR 2 TEST PERIODS

Rau UF

LS 1.266 3.522

SL 5.000 16.000

NC 2."6? 4.58?

MM 0.333 1.286

TOTAL 5.769 1!1.954

CHI-S&UABE - 3.041
<d.(. 00
calphba -. 06.

CHI -SQUARE
F-HAT 0-2

LS 0
SL 0
NC 0
IAW 0
rOrAL 0

CHI--SQUARE
UALUES 0-2

Ram liP
LS .. ..
SL -- --NC .. ..-

rorl. .. ..-HerR . .

00
0
0
0

2-4

Rae MF
2 0
1 4
4 13
0 0
7 25

4)-6

2 4
2 4
4 10
1 2
8 20

6-S

Ran MF
0 0
0 0
S S1 2

6-0

5.444 9.941
0.000 0.000
4.455 6.048

2-4 4-6

Rau MV Ram MV
1.000 3.267 0.333 0.500
2.000 8.000 3.000 8.000
0.143 O.GIS 0.000 0.000

-- -- 1.00 Cr3.000
1.923 ?-.16? 0.600 1.kSG

r



Table CS3. Indian. Polnt hanner tout monitoring 1~u -15I doegroo
ablique tranaducer located at unit 30 inti3.

Tidal Phase' 30 Nin ofter Duration of rest: 10 min, her 3 .onlyj
high tide Treatme,.nt rvp*: 20 soc on, 20 soc off

Test Date: 2f20c80
test Time: 0OSS

S-.a - - -- i - .. . . ..i. ... . w -

10 "INUTES DURING TEST PERIOD
RANGE (ttrs)

4-60-2 2-4 6-8
Trace - - ----- --- -
Typo Ram MF Ram MF Rau MV Rae. MF

LS 0 0 0 0 3 B 0 0:

SL 0 0 0 0 a o 0 0 4

KC 1 a 2 a 1 3 4 a?

MM 0 0 0 0 0 a 3 6 4

Total 1 0 2 a 4 11 7 14 4

0o nNurEs AFTFER TEST PpR 00
RANGE Cftwters)

0-2 2-4 4-6 6-B 4
Tr ace ---- ---- -- - - --- - -

rTpo Ra6 MF Ram. MF Ram. MP Rau eF 3

3$ 0 0 0 0 2 5 1. 2 I

SL 0 a 0 a' 0 0 0 0
PlC 0 0 3 l1 6 15 3 :

Mu 0 0 0 0 0 0 0 0?

Total 0 0 3 11 8 20 4 8

Total

Rae. WV

3 8

a 0

a 2?

3 a

14 41

Total

Rae &l
3 7

12 32

a 0

is 39 .

CHI -SQUARE F-HAT
FOR 2 TEST PERIODS

Ri4. MF
3 B

0 0

10 30

2 3

15 40

CHI -SQUARE UALUE

FOR 2 TEST PFlIDODS

LS 0.000 O.06f

SL - -

KC 0.800 0.424

MM 3.000 6.000

TOTAL 0.034 0.050

CHI-SQtJARE - 3.041
<4.f. I)-
(alpha - .05)

CHI -SQUARE
F-HAT 0-2

Rae. MV

LS 0 0
SL 0 0
NC 1 4
wu 0 0
TOTAL 1 4

CHI -SQUARE
URLUES 0-2

Ra. MF
LS .. ..

C• 1.000 8.000

TOTAL 1.000 8.000

2-4

Ra-- M
0 0
0 0

3 10
0 0

3 1o

2-4

RaI. MF

0.200 0.474

0.200 0.47A

4.--

Rae. MVF

.3 7
0 0
4 Is
0 a6; 16.

4-6
Rae. MF

0.200 0.692

3.571 a-m00

1.333 .13

6-B

Rae. MV
1 1
0 0

4 7
2 3
6. 11

6-e

Rae. MV
1.000 2.000

0.143 0.286
3.000 6.000
0.018 1.636



Tabl * C64. tndian Point hawu..i test monitoring ustno Is dogree
oblique transdu.cor locatod at unit 3. blVake 3S.

Tridal Phase: 2.5 hrs before Duration of Test: 10 min, Iww 3 only
to" tide froatt....t Type: 30 sec on, 310 S*C off

Test Bate: 2120/OO
Test r/ie: 0445

-N - -- - - -- - - - -- - - -- - - mu -- -- -- -- - m ... ... ... ..

10 nINUTES BEFORE TEST PERIOD
RANGE (ete*rs)

4-60-2 2-4 &-a-
Trace -------- -- -
Type R.. MV Ry MF Ram MV Ram MVF

LS 0 0 0 0 0 0 0 0

SL a 0 0 0 -0 0 0 0

me 0 0 1 4 0 0 0 0 :

MM 0 0 0 0 0 0 0 a

Total 0 0 1 4" 0 0 0 0

10 MINUTES oURInO TEST PERIOD
RANGE Cnoteru)

0-02 2-4 4-6 6-0

Type Ram. MV Ram4 W RaU Ur Ra&" UF

LS. 0 0 0 2 2 5 1 2

SL 0 a 0 0 0 0 0 0

MC 0 B 0 0 0 0 1 2

MM 0 0 0 0 0 0" 0 0

ota0 0 0 0 2 5 2 4

10 MIINUTES AFTER TEST PIaR1o0R
RANG (eNetevs)

0-2 2-4 4-6 6-8
Trace ---------- -
Type Rae. . . Rama M. Rau Mr Rau MF

LS 0 0 1 4 2 5 2 4

SL 0 0 0 0 1 3 0 0:

MC 0 0 1 4 2 S 3 6:

m 0 0 0 B 0 0 0 0:

Total 0 0 2 a 5 13 S 10

rot l

Ram. up

0 0

0 0
1 ,4

O 0

1 .4

Total

Ram. MT

3 7

o 0

I 2

0 a

4 S

Total

5 13

1 3S

0 0

12 31

CHI-SQUftRE F-HAT
FUR 3 rEsr PERIDOS

Raw MF

.5 7 1

0

3D

0

1

7

0

is

CHI-S-URRE UALUE
FOR 3 TEcSr PERIODS

Ram. M

LS 2.333 11. 143

SL - 6.000

"C 4.•6r 14.000

TOTAL ".g.43 26.S33

C141-SQUARE - 5.•1•
(d.f. - 2>
<alphA -- .OS)

CHI -SQUARE
F-HAT 0-2

Rau gs F
LS 0
SL a
NC 0
MUni 0TOfTAL 0

CHI -SQULRE
UALUES 0-2 -

Raw. IF*
LS .. ..
SL .. ..

raTAL - -

a
0
0
0
0

2-4 4-6 6-S

Rae MF Rae MF Ram 1F
0 1 1 3 1 2
O 0 0 1 0 0
1 3 1 2 1 3
0 0 0 0 0 0
1 4 2 6 2 5

2-4
Rae MV-- 12-000

0.000 2.667

2.000 8.000

-4.000 6.66?
-- 6.000

2.000 17.900

7.500 24.b333

Ram. 4F
2.000 4.000

6.000 S.333

7.500 9.200



Table CSE. Indian Point hammer test nitoring using 15 degree
oblique transducer located at unit 3. intake 3S.

ridat Phase: 2 Irv before Duration of Test: 10 uuin, hr4r 3 onIuo
tou tide Treatment Tyrpe: 30 soc on. 40 sec off

Test Date: 2420i0.
Test Time: C"S

--- ------ ------- ----------- on ........ .... a ------- --- ---------- ----- a.. .......... --------- ----------

10 MINURES DURING TEST PERIOD
RANGE <weters>

0-2 2-4 4-6 6-0
Trace - --------
Ty.pe Ran MF Rau Rtau M Ram .UJF

LS 0 0 0 0 0 0 1 2

SL 0 0 0 0 0 0 1 2

NC 0 0 0 0 0 0 2 4

Mu 0 0 0 0 1 0 0

Total 0 0 0 0 9 3 4 8 a

10 MINUTES AFTER TEST PERIOD
RANGE (<Netwes

0-2 2-4 4--6 6-8
Trace ---

Type Ra. MF Rae MUF Roa MV Rasa MF

LS 0 0 0 0 1 3 2 4

SL 0 0 0 0 1 3 0 0:

HC 0 0 0 0 2 5 3 16

MW 0 0 0 0 0 0 0

Total 0 0 0 0 4 11 5 10

rotai
R&84 MF

1 2

2 2

2 4

1 3
s 11

Total

Rau MV

S 21

o9 211

CH|--SQUARE F-HAff
FOR z TEST PERIODs

Rau MV

2 5

4 8
1 2

7 16

CHT-SQUARE URLUE
FOR 2 TEST PERIODS

Rau MF

LS 1.000 2.778

SL 0.000 0.200

mC 1.286 3.26?

MM 1.000 3.000

TOTAiL 1.143 3.12S

CHI-SQUARE - 3.041
<d.f. - 1)

CHI -SQUARE
F-HAT 0-2

Ram Mr
LS 0
SL 0MC 0

MW 0
TOTAL 0

"CHX-SQUARE
UhLUES 0-2

Ran MF
LS .. ..
SL . .
NC .. ..-

UM .. ..
rTio. - -

00
0
0
0

2--4

Ran MV
0 0
0 0
0 00 0
0 0

2-4

Rau MF

4-6 6--8

Rau &W Rau. MV
1 2 2 3
1 2 1 1
1 3 3 £
A 2 0 0

4--6 - -- 8

Rau MF Ras MF
1.000 3.000 0.333 0.667
1.000 3.000 1.000 2.000
2.000 S.000 0.200 0.400
1.000 3.000 -- --
1.800 4.571 0.111 0f..22



Table CSG. Indian Point hammer test monitoring using 15 degree
oblique transducer located at unit 3w intake 35.

Tidal Phase: 1.5
1014

us beo-e Duration of Tost: 10 min. how 3 only
tide Troatnent Typo: 40 soc on. 20 sac off

Test Date:
Test Tim*:

2/20/O8
0525

10 fINUTES OURING TEST PERIOD
RMIGIE (seteirs)

0-2 2-4 4-6, 6-8
Trace .......- --
Tin~pe Ram MF Ram 1*F Ram MV Ram MV

LS 0 0 0 0 1 3 1 2

SL 0 0 0 0 2 5 1 2

Mc 0 0 1 4 0 0 2 4:

Mu 0 a 0 0 0 a 0 0

Total 0 0 1 4 3 0 4 a

10 NINUTES AFTER TEST PERIOD
RA1E (wete~rs)

0-2 2-4 4-1 6-0
Trace -----------
Tirw - a*MVRnM Ram MV Ra64N

LS 0 0 1 4 3 0 1 2

51. 0 0 0 0 0 0 0 0

NC 0 0 1 4 1 3 1 2

MR 0 0 0 0 2 S 1 2 3

Total 0 a 2 a 6 1i 3 64

Total

Ram UF

2 S

0 0

e 20

.Total
Ran M

5 14

0 0

3 .

3 7

11 30

CHI--41URE F-mar
FOR 2 rcsr PERIOS

Ram MV

4 to

2 4

3 9

4

10 25

CHI -SQUARE UALUE
FOR 2 TEST PERIODS

RAM MV

LS 1.2*4 4.263

SL. 3.000 7.000

Oc 0.000 O.059

M" .000 7.000

TOTAL 0.474 2.000

CHI-SQUARE - 3.841
<d.h. a s)(alpha - OS

CHI-SQUARE
F-HAT 0-2

Rau MV
LS 0
SL 0
"C 0

TOTAL 0

CHI-SQUARE
UALUES 0-2

------ ---LS . .

TC .. ..

TOTAlL .. ..

0
0
0
0a

2--4

Rau MV
1 2
0 0
t 4
0 02

2-4

Rau MF
1.000 4.000

0.000 0.000
0.33 1.33

'4-'.

Ran MV
2 6
1 3
1 2
1 3
S s-a

6-0

Ran4 MV
1 21 I
2
1 L
4 7

4--4 . -e

Ram ME Ran MF
1.000- 2.273 0.000 0.000
2.000 6.000 I.0O0 2.000
1.000 3.00 0.3 607.?
2.000 5.000 7.000 2.000
1.000 2.667 0.143 0.Zefi



Table CST. Indian Point hammor test monitoring using 1S dewre.
.oblique transducer located at unit 3, ntak* 3S..

Tidal Phase, I hr before Ou-atton of Test; 10 min, h1m 3 only Test Oate: 2,20/08
loi tide, Treatment rgpw: 40 sec on, 30 soc off rest nrw.: 054S

10 .r[itrES -UR--G rE-r P-R-O-

RANGE (0%eters)

0-2 2-4 4-6 6-9
Trace - - -
Type Rau MT Raua MF Raw IW Ram MF

LS 4 30 1 4 0 0 1 2:

SL 0 0 0 0 0 0 0 0

NC 0 0 1 4 .2 1 2

MU 0 0 0 0 2 5 0 0

Total 4 )30 2 0 4 t0 2 4

10 NI'MUTES AFTER* rST PERIOD
RANGE Cnetrrm)

0-2 2-4 4-6 6--
ra-ace-------------------- -- -

Type Rau UF Raw UP Pas UF RPas M

LS a 0 0 0 1 3 0 0

SL 0 0 0 0 0 0 3 6

mC 0 0 1 4 1 3 3 6:

um 0 0 0 0 0 0 0 0

Total 0 0 1 4 2 6 6 12

CMI -SQUARE V-HAT

Total

Ra'. MV

6 316

0 0

4 11

2 5

12 52

rotatl

1 3

0 0

cj 22

CHZ -SQ~ftft F--HAT
FOR 2 TEST PERiOnS

Rau MF

4 20

2

1 3

11 3r

CHI -SQUARE UVLUE

FOR 2 TEST PERIOIDS

Rau 14F

LS 3.571 27.923

SL 3.000 6.000

mC 0.111 0.161

mm 2.000 5.000

TOTAL 0.42 12.162

CHI-SQURRE - 2.841
(d.<p. - 1)(alpha --. )

CHi-SQUARE
F-HAT 0-2

LS 2 is
SL 0 0
KC 0 0
mU 0 a
TOTAL 2 is

CHI-SQUARE
UALUES 0-2

LS 4.000 30.000
SL -- --
NC .. ..
TOFTAL 4.000 30.D00

2-4

Ra& UF
1 2O 0

1" 4
0 0
2

2-4

Rau lIP
1.000 4.000

0.000 0.000

033 1.333

41-'

Raw M

1 2
0 0
2 4
3 0

4-0

Piss IMF1 1
* 3

2 4
0 0
4 0

4-6 5-8

Rawu UF RBam UF
1.000 3.000 1.0100 2.000

. .-- 3.000 6.000
0.333 O.S00 1.000 2.000
2.000 5.000 -- --
04.,? 1.000 2.000 4.000



Table CS,. Inmdiasm Point hamuqer tact monitoring usinwg IS degree
oblique ty-ansdu *r locat*d at unit 3 . intako 3S_

Tidal Phase: I hr before,
1 au- ti de

Duration of restz 10 "in. hv. 3 onlyrreatwont Type: 40 sec on. 40 sec off
Tact Data: 2/20,0B0
Tact rim*: COS0

LO flINUTES DURING TEST PERIOD
RANGE (<ters)

Traco
Type

0-2

Ram MF

2-4

Rau IIV Ram MF Ra i M "

LS 0 0 0 0 2 6 0 0

SL, 0 0 0 0 0 0 0 0

mC 0 0 1 4 4 10 1 2 2

uM 0 0 0 0 0o a a

TotaL 0 0 a 4 6 1i 1 2

10 mNxurEs AFTER TEST PERIOD
RAHGE (ees

Trace 0-2 2-4 4-6 - -'

Typo Raa MF Ram MF Rau M" RAW& MIF

LS a 0 0 1 3 3 6

SL 0 0 0 0 0 a 1 2:

HC 0 0 0 0 2 5 0 0 *

UU 0 0 0 0 1 3. 0 0 1

Total 0 0 0 a 4 11 is a

Total

2 5

o 0

4 16a l0

a 21

Total

Ra. MV

4 9

1 2

2 5

CHI-SQURV F --14T
FOR 2 TEST PERIODS

Ramw MF
3 1

1 1

4 11

a 20

CHI -SQUARE URLUE

FOR 2 TEST PERIODS

Ram 16W

L.S 0.64? 1.143

SL 1.000 2.000

MC 2.000 S.762

Mu 1.000 3.000

TOTAL 0.000 0.100

CHI-SQUARE - 3.841
(d.f. 1)
(<4lpka - .011

CHI -SQUARE
F-H+AT 0-2

Ram U F
LS 0 0
SL 0 0
MC 0 0
TOTAL 0 0

CHZ -SQURRE
URLUES 0-2

Rau WV
LS .. ..
SL .. ..

TorAL .. ..

2-4 4-46

Rau MF" Re" MF
0 0 2 4
0 a 0 0
1 2 . B

0 a 1 2
1 2 5 13

&-0

Ram MV
2 3I I
I I
0 0
3 5

2-4

Rau MV

1.000 4.000

1.000 4.000

4-4. 6-B

Rtau MF Raw MF
0.333 O.So0 3.000 6.000

- -- 1.000 2.000
0.64? 2.667 1.000 2.000
1.000 3.000 .. ..
0.400 0.6.15 1.900 3.600



Table CSS. Indian Point hamm~er test monitor-Ing u~sing 15 degree
oblique transducer located at unit 3. intake 3S.

Tidal Phase: 2 hrs after Duration of rest: 1O win. hmr 3 only Test Date: 2/20/90
log. tide Treatno.t Type: 10 soc on. 20 sec off Test riow: 2155

10 I-INU-TES BEFOR- --St P-RIOD

-.RANGE (me, ters)

0-2 2-4 4-6 6--
Trace -- -- -
Type Raw .. RM MV R& UF au 1Ra

LS 0 0 0 0 0 0 2 4

SL 0 0 0 0 1 3 0 0

HC 0 0 2 8 3 B 4 8*

wu4 0 0 0 0 0 0 0 0

Total 0 0 •2 B 4 11 6 12

10 MINUTES DURING TEST PERIOD
RANGE C.etewrs)

0-2 2"4 4-6 6-8
Trace -- ------ -- - ------
Type Rau UF RAM MV Raw MV Raw F ±

LS 0 0 1 4 0 0 0 0•

SL 0 0 1 4 0 0 0 0:

Mc 1 4 4 10 2 4:

Mu 0 0 0 0 0 "0 1. 2

Total 1 8 3 12 4 10 3 6 2

1o niNUrES AFTER TEST PERIOD
RANGE Ceters>

0-2 2-4 4-6 5--
Trace ---- ---- - - - - -

ruplpe Ratmw MF Ra M Rau MV RIe M" :

LS 0 0 1 4 1 3 3 6 2

SL 0 0 0 0 0 0 0 0:

C 0 0 0 0 0 2 4±

MM 0 0 0 0 1 3 1 2

Total 0 0 1 4 2 6 6 12 1

CMI -SQUARE F-NAT

Total

Raw MF

2 4

1 3
O 24

0 0

12 31

Total

Ras MF

1 4

1 26

1 2

11 36

Total

Raw MF

5 L3

0 a

2 4

2 S

9 22

CHI-SQUARE F-HOT
FOR 3 TEST PERIODS

Rau MV
3 7

1 2

6 18

11 2

CHI -SQUARE UALUE

FOR 3 YErs PERIsOS

Raw 6V

LS 2.000 V.714

SL 0.000 5.500

NC .8•3• 16.444

UM 2.000 7.600

TOTAL -0.545 5.-17

CHI -SOUARE S. .• a
(dof. - 2)
<Alpha -. 06>

CH9 -SQUARE

F-HAT 0-2

Raw MV

LS 0 .
SL 0 0
NC 0 3
UM 0 0

orm.T 0 3

CHI-SQUARE
UALUES 0-2

Raw MLS -------
LS . .
SL .. ..
NC -- 13.333

TOTAL -- 13.333

2-4

Rau MF
1 3
0 1
1 4
0 0
2 8

2-4

Rau MF
0.000 2.667

-- 12.000
2.000 8.00o

1.000 4.000

4-6

Rau MF
0 1
0 1
2 6
0 1

4-6

Raw MF
-- 6.000
-- I.0005.500 9.533
-- 6.G00

2.000 1.556

Raw MF
2 3
0 03, 5
1 i
S 10

6-8

Rau MF
1.500 7.333

0.000 3.200
0.000 4.000
1.200 2.400



Table CGO. Indian Point ha~a-mo test moniitori ng using 15 deqr*#
oblique transducer located at unit 3. intake 36.

Tidal Phase: 1.5
I*"

hrs after Duration of Test, 10 min, hmr. 3 only
tide Treatment rupe: 10 soc on, 30 sec off

Teot Date:
Test Time:

2"20#0B
2215

10 nMMurMS DURING TEST PERIOD
RP44GE (eters)-

Trace
Type

0-2

Rai& MF

2-4
Raw MlV Ram MF

. 6-6
Raw MF

LS 0 0 0 0 3 8 3 6

SL 0 0 0 0 0 0 0 0

NC 0 0 3 21 3 a 4 a

MM 0 0 a 0 a a 1 2

Total 0 0 3 it 6 16 a 16

10 imNUrEs AFTER TEST PERIOD
RANOE (meterx)

0-2 2-4 4-6 6-8
Trrac- - ----------- ---- -----
Type Rta" M Raw M r RaM BV Raw M ,

-LS 0 0 1 4 0 0 5 10

SL 0 0 & 4 1 3 0 0

NC a 0 0 0 1 3 a 0

MU 0 0 0 0 1 3 1 2

Total 0 a 2 8 3 8 6 12

Total

Rau MF

8. 14

a 0

o10 2?

1 2

1? 43

Total

Ram 61F

& 14

2 7

1 -3

2 S

11 29

CHI--SQURI2E F-ItiAT
FOR 2 TEST PEkIODS

Raw MF
& 14

1 d%

2 ,4
14 38.

CHI-SQUARE URLUE
FOR 2 TEST PERIODS

Rau IFIh

LS 0.000 0.000

SL 2.000 7.000

KC 7.3&4 19.200

Wi 0.333 1.2e6

TOTAL 1.266 2.722

C141-SQUARE - .,041
Cd.f. - 1)
(alpha - .06)0

CIHI -SQUARE
F-NAT 0-2

Raw MVF
LS 0 0
SL 0 0
me 0 0
MM &i 0
TOTAL 0 0

CHI4 -SQtURE
U06LUES 0-2L-------

SL .. ..
t4C OTAL
TOJTAL .. ..-

2-d4

Rau MF
1 2
1 2
2 8.
0 0

4-'>

Ram UF
2 4
1 2
2 8.
1 2

9 13

6>-8

Rau UF
4 8
0 0
2 4
1 2
r 14

2-4 4--6 6>-8

Raw MF Raw MV Raw MV
1.000 4.000 3.000 8.000 O.500 1.000
1.000 4.000 1.000 3.000 -- --
3.000 11.000 1.000 2.273 4.000 6.000

-- -- 1.000 3.000 O.000 0.000
0.200 0.474 1.000 1.98.0 0.286 0.571



Table C6I. Indian Point hammer test monitoring usi n 15 d* .o
ohlique tran*s4ucer located at unit 3. intake 35.

Ttdal Phase: 2 hrs after
lom tide

Duration of lest: 10 mint hosr 3 onlV
Tr~atment Tqapv: 10 sec on, 40 sec off

Test Date:
Test Time:

2z20/e8
2235

. a . -n - - B ---------- ------- M ---- --- ft.a i n -.. . --- = .i i--- -- --- -- -- -

10 LIINIurEs DURING TEST PERIOD

Trace
Type

0-2

Rau uF

2-4

Ra" UF

RAGNE (Haters)

4-6

Rau MF V

6-0

LS 0 0 0 0 0 0 3 6

SL 0 0 0 0 I 3 0 0

HC 0 0 4 1s 5 13 3 6

MbI a 0 0 a 1 3 0 0

Total 0 0 4 is ? 1s 6. 12

10 INIzHuES AFTER TEST PERIOD
RANGE (Meters)

0-2 2-4 4-6 6-8

Type Ra&u IJ Ra" UF Ra MF Rau MV

LS 0 0 - 1 4 2 s 1 2

SL 0 0 0 0 1 3 0 0

NC 0 0 2 a 2 S 1 2

MW 0 0 0 0 0 0 0 0

Total 0 - 3 1-2 0 - - 2 ,4

Total
Ral MF

3 6

1 3

12 34

1
17 .46

Total

Rau MF
4 11

S 15

0 0

10 29

CHI-SQUARE F-HAT
FOR 2 TEST PEWCODS

Rau MV

41 9

1
9

1

2S

2

14 30

CHI -SQUFRE UALUE
FOR 2 TEST PERIODS

Rau4 MF

LS 0.143 1.471,

SL 0.000 0.000

NC 2.882 F._3?

"M 1.000 3.000

TOTAL 1.415 3.053

CHX-SQUftiE - 3.041
(d.f. - 1)(alpha -- .06)

CHI -SQUARE
F--HRT 0-2

LS 0
SL 0
MC 0
U U 0
TOTAL 0

CHI -SQUARE
U1A-UES 0-2

Rau MF
LS .. ..
SL .. ..
TC .. ..

T 0Vfit .. ..-

0
a
0
0
0

2-4

Rau MF
1 2
0 0
3 12
0 0
4 21

2-4
Rau MF

1.000 4.000

0.667 2.130

0.143 0.333

4-6

1 2
6 16

4-6

Rau MF
2.000 9.000
0.000 0.000
1.286 3.556
1.000 3.000
0.3153 1.125

6-8

Raaj MV

2 4
0 0
2 4
0 0
4 a

6--0

1.O00 2.000

1.000 2.000

2.000 4.;00



Table C62. Indian Point hammrv test mouitoring usin 16 degree
oblique transducer located bt unit 30 Mnake 36.

Tidal Phase: 2.5 hris after Duration of rest: 10 n, hmr 3 only
lo".tsdo Tr-eatment Typ*: 10 sec on, 20 sec off

Test Date:
test Time:

,Z/20/86
22SS .

----------l--- --b--------------------------------------ab-a=---------=============

10 xIr4UTES OURING rEST PERIOD
RFNOE (haeters)

4-60-2 2-4 6-8
Trace- ----- ----- -----
Type Ram 14F Rau HF Raml MF Ram hF

LS 0 0 S 19 2 S 3 6:

SL 0 0 0 0 0 0 1 2

NC 0 0 1 4 4 10 2 4:

1M 0 0 1 4 0. 0 1 2

Total 0 0 7 27 6 Is 7 14

10 n#IUrES AFTER TEST PERIOD
RAFTNGE (terts)

0--2 2--4 4--6 6--
Trace -- ------- -
rupe Ran MF Ra" UF Ran MF Ra MW :

LS 0 0 0 0 3 8 3 6

SL 0 0 0 0 1 3 0 0

f4 a 1 4 1 3 1 2:

MM 0 0 0 0 1 3 0 "0:

Total 0 0 " 4 6 ir 4 8 0

Total

Rau MF

10 30

1 2

7 to

2 6

20 66

Total

Rau UF,

1. 14

1 3

11 29

CHI -SQUARE F-HAT
FOR 2 TEST PERIODS

Ram M2

8 22

1 3

5 14

2 5

Is 43

CHI[ -SQUARE VALUE
FOR 2 TEST PERIODS

Rau MF

LS 1.000 5.818

Sl. 0.000 0.200

KC L.6,00 3.000

MM 0.353 1.000

TOTAL 2.615 .51"6

CHZ-SOUAME - 3.841
(d.f. - 1>
Ca2pha - .O6)

CHI-SQUARE
F-HAT 0-2

go" MV
LS 0
SL a
NC 0
MA 0
TOrTL. 0

CHI-SQUARE
VALUES 0-2

Ran UF
LS .. ..
SL . .
NC .. ..

TOrAL .. ..-

0
0
0
0
0

2-4

Rano F
3 10
0 0
1 4
1 2
4 16

4-6

Ram MV

3 71 2
3 7

"1 2
6 16

6--1

Ran MV
3 6
1 I
2 3
1 1
6 11

2-4 4-6 6-8

Ram MVF Rau U Ram MF
5.000 19.000 0.200 O.GS2 0.000 0.000

.. .- 1.000 3.000 1.000 2.000
0.000 0.000 1.000 3.769 0.333 0.66?
1.000 4.000 .1.000 3.000 1.000 2.000

4.500 17.06S 0.000 0.12S 0.818 1.636



APPENDIX D:

Hammer Tests Monitored By

6*x120 Horizontal Transducer



Table 01. Indian Point hammger toot monitoring ussing Gm12 degr**
horizontal transducer locoted at unit 3. Intako 5

Tidal Phase: 2 hrl befwoe
1o0 tid.

Duration of rest: to "in. hmrs 1.23 Toest Date: S/26/60
Treatment rupo: I wtnft on. I win off rTot Times 213Snanin.aanaaninnaa.~hoeonsS.eaOflfl

3O MINUTES BEFORE ESTr PERIOD

--5 I5-10 10-15
trace -
Type Raw UF Rat MF Rau UF

LS a 0 0 0 0 0

SL 0 0 0 a 0 0

MC 214 798 336 632 458 550

wu 0 0 0 0 0 0

Total 214 798 336 632 450 SS0

RANGE <motors),

1-20 20-ZS 2S-30

RaN UF Rau uV Rau MF

2 2 2 2 2 1

o 0 0 a 0 .0

0 0 I 1 0 0

0 0 0 0 0 0

2 2 3 3 a I

RANGE tJoter*s)

15-20 20-2S 2S-30

Rtew VF Ravo VF Raw MV

0 a 0 0 2 1

0 a 0 0 0 0

14 13 0 0 0 0

0 0 0 .0 0 0

14 13 0 0 2 1

10 MINUTES DURING TEST PERIOD

0-5 5-10 10-1s

STt. Rae. NV Raw W Raw UF

LS 0 0 0 0 0 0

SL 0 0 0 0

HC 104 606 3" 620 SS2 G"*

mM a 0 a 0 0 0

Total 104 a0" 330 6"0 552 662

A
30-35 3S-40 rot*&--• ------l ----- ----

RaM NV R&" MV Rau &W

3 2 2 1 : i- 11 a

o 0 0 0: 0 0

0 0 0 0 a tOO1 196:

0 0 O 0: 0 0

3 . a 2 a 1 1020 1S90

I
30-35 35-40 Total

Ra4, iF Raw MF R4w MV

44 2 2 1 10 6

0 0 0 0a 0 0
o 0 0 0 3 1000 1961

O a ADS 1991O
0 a a 018 0 0

4 a 2 2 1090 1906

10 IIIUmIrS AFTER TESr PERIOD
RANGE ý(moters)

0-9 5- to 10-15 1S-20 20-2s 2s-30 30-35 3--40 total

TVpe Rar 1 " aS4 S IRasa Raw Rawi NF Rau UF Ram S Rat4 NV Ram MF 2 Rau WV
LS 0 0 0 0 0 0 3 3 1 1 0 0 3 1 2 1L 7 6

SL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0: 0 0

me 242 903 338 635 530 646 1 1 o a 0 0 a 0 0 0 011119t 216
MR 0 0 0 a 0 0 0 0 0 0 0 0 0 0:t 0 0
rat&& 242 903 330 635 530 646 4 4 1 1 0 0 1 1 2 1 c 1122 2191
CHI -SGUIEt CHI-SQUARC P--HATF-HaT O-S S-1O to-is 19-20 20-2S 25-30 30-39 36-40 FOR 3 rEsr TE;zoOs

RaU WF Ram LIF Raw IV Ram NV Raw bV Rau MV Raw NF Ram UF 3 Raw wFLS 0 0 0 0 0 0 2 2 1 1 1 1 3 2 3 1 : 9 6SL 0 0 0 0 0 a 0 0 0 0 a 0 0 0 0 0: 0 0NC 213 79S 334 G28 IS GIs9 S a 0 0 0 0 0 0 0 0: los1 2029"M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 : a 0TOTAL. 213 7s5 334 620 SiS 619 7 6 11 3 a 2 3 a 1060 20"9

CHI -SQUARE
UALUES 0-5 5-10 10-15 15-20 20-25 25-30 30-35 !M-40 CHI -SQURRE IWL.UES------. .--- -.------ -------- - -- :FOR 3 TEST FE5:IOOS

Ram NV Rma UV Rau NVa" Ra Raw MV I Raw MF Raw UF Raw Wi I Ram iF
LS .. .. . . .. . 1.500 1.500 2.000 2.000 4.000 0.000 o.657 -o..o0 0.0000 2.000 2-000 1.033SL - . .. . . . .. . ... ...- - -- - .. . .. . -- -
"C 9.901 31.620 2.100 3.205 12.994 12.856 24.400 20.000 3r s -- -4.26
m... -- -- -- --.. .. ... .... .... .. - e --
rOrTL 0.901 31.62I 2.108 3.205 1,2.94 12.056 IO.SS0 12.S6OO 6.000 6.000 4.000 0.000 0.•6? -O.SO0 0.000 2.000 237.?Go 75. ire

CHI-SQUARE - S.991 (d.f. - 2. alpha - .0o)

1) Numbers presented or* a .. Inmuaw eotiwation for test periods..



Table 0S. Indian Point ha..a.r test monittorlgn uwing 6*412 de3gre.
hoe-lzontal tpaanmducor located at umitt 3v Intake 35

Tidal. Phase.' 2 two before
*a. It i d*

O0atiat" of rest: as "ain haag IP263 T* :t Datet
Trrat...nt rup.: 10 owc on, 20 &*C off Test ri*a: 1026S9glaIss

10 INUTHES OUI141 TEST PERIOD
RAMG Ca..tors)

0-5 S-10 10-"IS 15-20 20-25 25-30. 30-3S 35-40
.Trace ---- - ---

rgp. Raem _11F an" W Rau MHF - l-- • i1 baa I Rau R1am Rbam RW W•a 1=

LS 0 0 0 0 0 0 1 1 1 1 1 1 1 1 0.

SL a 0 0 0 0 0 a 0 I 1 0 0 0 0 0 0

Nc 210 703 302 56" 4" 630 I 1 1 1 0 0 0 0 0 0 1

1 0 0 0 0 a 0 0 a 0 a 0 0 0 0 0 0.

Total 210 793 302 56O 459 SSO 2 2 3 3 a I I I 1 0 1

10 UPJ[TS AFTER TEST PERIOD

RAImG cetevrs)

0-5 S-10 10-15 15-20 20-25 26-"0 30-35 3S-40

1eape Rau. HF Rau 1W Ram. SW Rae. MF Ram SW Ram. SP RAM. W Ram SIP

LS 0 0 0 0 0 0 3 3 0 0 1 1 2 a 1 0.

S1. 0 0 0 a a a 2 2 1 1 0 a a 0 0 o0
+~I[

Nc 114 724 4r0 a99 472 56S 3 3 1 1 0 0 0 0 0 0:

Om a 0 0 0 a 0 0 0 0 0 0 0 I 1 0 01

Total 114 724 470 a99 472 546 a 8 2 2 2 1 3 2 1 0:

Total

Raa. MF
K 4

1 1

172 1903

0 a

270 1i06

1

Total
b laa UPF

a S

3 3

114 21193

i 2

•116O 2202

CHI -SQIMUE CHI -SQUARE F-HAT
F-HAT 0-5 5-10 10-1i 15-20 20-25 2S-30 30-3s 3S-40 FOR 2 TEST PERIODS

Ra- SW Ram SW Rma MV laua S las lup *" Rau MF Rea " F aa SW MF I Rau UF
LS a 0 0 a 0 0 a .I 1 2 1 1 0 7 S
SL. 0 O 0 0 0 I 1 1 1 1 0 0 0 0 0 02 2 2
NC 202 754 30 34 4i6 56 l 2 2 a 1 0 0 0 0 0 0 1060O 2048
4m0 0 0 0 0 0 0 0 0 0 0 0. 0 1 1 6 0 a
ToALt 202 7S4 390 134 465 SSG S 5 3. 3 2 1 2 2 1 0 1 1069 20SS

VJALUES 0-S S--O 10-1-5 15-20 20-2- 2S-30 30-3S 3S-40 CHI-SO•UAE IALUES
- - - IOR 2 TESr PcRizOOS

aa" SW Go. MV Ram. MF bas" bw Ram. HF Raa. s Raa. F baa. SW 9 Raa. l
LS .. ... .. .. . 1.000 1.000 1.000 1.000 0.333 0.000 0.333 0.000 0.000 - : 0.692 0.111
SL .. .. .. . - -- 2.000 2.000 0.000 0.000 .. . .. .. .. . 1.000 1.000
NC 0.634 2.310 39.rI3 74.604 0.211 0.229 1.000 1.000 0.000 0.000 . .. .. .. .. . :14.611 20.532
MiU .. ... ... .... .. .. .. .. .. 1.000 1.000 .. .. : 1.000 1.000
TOrm. 0.634 2.310 39.?13 74.694 0-211 -0.2211 3.600 3.600 0.200 0.200 0.333 0.000 1-000 0.333 0.000 -- :15.493 21.031

CHI-SeMbEI - 3.041 (4.f. - 1. alphs - .0s)

1) eNp s pra esentedo 4are a "inhiammu wartUiaton for toat periods.



Tab* 0. Idia Pontha~r tst oontorngusing 6..12 dor~
hovi.e..tal tvwosduCer located at unit 3& Intake

Tidaz Phase: I tw before
tose tide

osuortton of Toost . 0 to m "1 . 2 only~ Test Ostol
rrofttseht fupo: 10 s...o 20 *oc off Test T1 at

I'22O202220

-aa-.----a-l-a-a-a--a fb-----a.f..a....f....
30 flNIJWS 001MG TST. WAWO

Trace ----
TtVP& Rds m V

R-"0

Rosa NI

LS 0 a 0 0

SL 0 0 0 0

HC 158 gas 330 620

14u 0 0 0 0

Total ISO gas 330 L20

A0 MINUTES AFTER TESr PERIOD

10--IS 15-20.

Ram UF Rau w"

0 0 O O

0 0 0 0

a1A 739 24 22

O 0 0 0

61G 739 24 2*

20-25

I I

0 0

0 0
o 0

25-30 30-3S

Rau UF Rle NV

0 0 1 1

1 1 0 0

0 0 0 0

0 0 0 0

A I A a

35-40 Total
Rau iW Z Ra~o klF

0 0 * *

0 0 3 1 1

0 0 1 1129 1970

0 0: 0 0
-----------

0 0 1 1131 1973

Trace
TVpO RaM UF RaM iF

LS 0 0 0 0

St. 0 0 0 0

"C 146 m45 130 ass

om a 0 0 0

Total 146 545 130 ass

O0- Is

Rau UF

0 0

0 0
200 250

0 0

20o 250

RttNGE (..etera>

15-20 20-25 25-30O 30-35 35-40 Toets

------------------------ ---------
Rasa Ur no•" UF Asia I9F RItAa O Ram UF I Rau 11F"

4 4 0 a a 1 1 0 0 0 6 6

0 0 0 0 0 0 0 0 0 0 1 0 0

2 a 0 O 0 D 0 0 0 0 a 494 1OS

0 0 0 0 0 0 0 0 0 0 0 0
S-- - - - ---- -- - - - - -- -------- -

6 a 0 0 a I I 1 0 01 9 so 1062

CUT -SQUAdllRE CIII --S0UAII P-Slur
F-HMr 0-t 5-10 1O-is 15-20 20-2s 2S-30 30-3S 55-40 FOR 2 VLN PER1OU*.

Raom UrI me" F RauRt.. " r ose aw RAM NV Rau NV Ro.. wF Ra. mF Rau UF
LS 0 0 0 0 0 0 2 2 1 1 1 1 1 1 0 0a 4 4
SL 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 : I I
SIC iS2 say 234 440 412 495 13 12 0 0 0 0. 0 0 0 0: a1l 113
6111 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TOTAL 15s 5? 2934 440 .412 495 15 14 £ 1 1 a I 1 0 0 01G Iss

CII -SQUARE
IMLIES 0-5 5-10 10-ts 15-20 20-2S 2S-30 0-35

Rams MIP Rau Rmoa NF Rose NV Rose liF Rau UF Roe" UF
LS .. .. . .... .. 4.000 4.000 1.000 1.900 1.000 1.000 0.000 0.000
SL .. .. . ...-- -- -- -- 1.000 1.000 -- --
t1C 0.4T4 1.70? o.-769 240.261 202.019 241.7"0 s1.6ss 16.0s? .. .. .. .. .. ..liii - --- -- .. ..- -- -- +- . .. . .. .... .... .. -

TOTm. 0.474 i.0?O 7i.70, 140.261 202.019 241.711 10-.00 9.143 L.000 1.000 0.000 0.000 0.000 0.000

Cl]-SQ•UiE - 3.-41 (d.-. - 1. alpha - .08)

IU Nswbeors presented aor a PlInk"U" estimation for toot per'ods.

3--40 CHI -SOUflE VA•LIJES
- FOR 2 TIM PEIROOZ

RAo NVF 3 Row IF
-- -- 2.000 2-.000

.. .. 2 s1.000 1'..00

.. .. :.24?.015 2ril..03

S ---- :244.121 2M.4SO



Table 04. Indi - n Point haoater test m~onlt:rlnq uzlnq 6"12 degree
homrlzontal tranaducor Located .t ienit 3v intake.6

Tidal Phaxv: 2 hew before
to&& tide

Duration of Tests 10 he2 onlg rext Oat
Treatment Typo.: 10soc on, 2o soc of est rim*.:

1/F2G./O8
22d45

.n . . .n...a . .l ia f .b .b . .uf . .....

10 hnarTES DUIRING TEST PERIO0
RANGE CNeters)

0-5 S-10 1o-is
Trace
Tp Iea& NF Ran MF Rau MV

LS 0 0 0 a 0 0

St. 0 0 0 0 0 0

NC 134 SO0 236 444 264 31S

Wu1 0 0 0 0 0 0

RN-20

3 3

0 0
3 3

20-26
Ra4 MF"

I I

0 a

0 0

o o

25-30-

Rau RF

0 0

0 0

£ S
o 0

30-35

0 0

o 0

0 0

0 a

I
35-40 Total

Ra MF W Raui MF
------- :------------

0 0: 4 4

0 0* 1 1

S 0 2 63" 1265s

o 02z 1 1

rotal 134 0o0 230 444 244 3•17 r a a I 1 0 0 0 ai

10 NINUTES AI•rR TEST PERIOG
mANS (meters)

T-r 5-10 10-15 !2-2L 20-25 25-30 30-36 35-40

rFW, N-*. HF no" Har Ra*a 6W Ram HF Wm URas&& Ram F Raw HF ua. MV .

LS 0 0 0 0 0 0 a 2 0 0 0 0 0 0 1 0.

644 1271

IL

9 2

SL 0 0 0 0 0 0 0 0 0 0

NC 122 455 170 320 130 1S6 0 0 1 2

0 0 a 0 0 0 0 2 1 1 1

Total 122 4S5 10o 320 130 INS 3 3 a 2

0 0

0 0

0 0

0 0

0 0

a a

0 a
0 0

"0 0 2 0 a

0 0 423 932

0 2 2
i

CH] -SQ01E CHI-SQUARE I-HeW
F--NHr O-S 5-10 10-is 15-20 20-2S 2S-30 30-35 3S-40 FOR 2 TEST PER0OO05

R&84 W RAN& HF Raw HF Ram HF Raum MF Rau MF Rau UF Raw M : Rem HF
LS 0 0 0 0 0 0 3 3 1 1 0 0 0 0 1 0: 4 3
SL 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 02 1 1
NC 129 470 203 382 191 237 2 2 1 1 1 1 0 0 0 0 531 10"
"W 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 2 a 2
TOTAL 120 470 203 302 19? AST 5 S 2 2 1 1 .0 a I 0 2 534 1104

CHI[ -SQUAR•E
VALUES 0-5 S-10 to-is Is-20 20-25 2S-30 30-35 3S-40 CHI-SOUARE IRLULUS-- - - -- - - --- :rOR 2 TEST PtER9O05

Waas HF Rau uiT am HF Rau M RAW M• Ram HF Rae HF Ita" MF
LS .. . . . .. .. 0.200 0.200 1.000 1.000 . .. .. .. 1.000 -- 0.143 0.667
St. -- -- -- .-- -- 1.000 1.000 - .. .. .. .. 2 1.000 1.000
NC O.563 2.120 10.729 "0. 12 45.ST4 54.001 3.000 3.000 1.000 1.000 1.000 1.000 .. .. 43. 6?• s0..4"3
um -- -- -- -- -- - 0.000 0.000 1.000 1.000 ... -- -- -- . 0.33 . 333
TOTAL. 0.663 2.A20 10.72S 20. $as 4M.S4 5l4.601 1-.600 1.600 0.000 0.000 1.000 1.000 --- 1.000 -- :431.22 60.950

ClaI-SOJURE - S.041 4d.f. - A. alpha - .OS)

I) N..m io presented are a oiniwes. estimation for test perles.



Table OS. Tndl.V Point hamner test monitoring using &m12 degu-.
horizontal transducer located at unit 3, Lntabk e

Tidal Phase, I hr, before
lOU tide

Duration of Test: 10 wtn. hwr 2 only Text 0a.*: l ,26,f
. Trerotwnt type: S Z'c on, 10 eSc off rest rime, 230S

S rINurTS BEFORE TEsr PEasoo
RANGE <meters)

TraceType

LS
SL

MC

Wo
TotalX

0-5 S-so 10-IS 1S-20

Ra 1 UP Ra 7Raw F Rags UF

O 0 0 0 a 2 a a

0 0 0 a 0 0 0 0

s0 224 74 139 its 142 0 0

o 0 0 0 0 0 0 - 0

GO 224 14 139 120 144 1 1

20-2S
Raw UF

1 1

0 a

0 0

a a

1 1

25-30
Raw UI

0 0

0 0

0 0

0 0

0 .0

30--35

Ram U?

OI lI

o 0

0 0

0 0

I I

30-35

0 0

0 0

0 0

0 0

I
35-40 Total

Ram IIF I Raw UF

0 0 : S. S 5

0 0: 0 0

0 0 2 27 SID

S MINUTES OURTNO TEST PERIOD
RANGE <waters)

Trace

L$

SL

HC

mU

O-S S-10 10-15

Raw 1F Ram UP Ram tU

0 0 0 0 a a

0 0 0 0 0 0

1 190A 92 173 92 110

0 0 0 a 0 0

IS-20

maw UP
1 1

0 a

0 0
1 1

20-25 25-30

Raw bP Raw UPI

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0

' 1
35-40 Total

Raw UP I Roia UF

0 01 1 1

0 0a 0

0 0: 235 473

a 02 1 1

Total 51 190 92 173 92 110 2 2 a 0 0 0 0 0 0 0a

5 MINUTES AFTER TEST PERIOD
RiNGE <Metr-s)

231 415

0-5 s-10 10-I6; 15-20 20-2S 25-30 30-35 3S-40 Total
T-ace, -- ------ -. ----- --- -- ----
ty.pe Ram W1 Raw IF Ram UP Ram MP Raw UP Raw UF Raba UF Raw Raw4 Ul

LS 0 0 0 a 0 0 3 3 1 1 0 0 1 1 0 05: 5

SL 0 0 a 0 0 0 0 0 0 0 0 0 0 a 0 0: 0 a

mC 46 112 To 14? 104 12S 0 0 0 0 0 0 0 0 0 0 : 220 444

MM 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0: 0 0

Total 46 12 To 14? 104 l1s 3 3 1 1 0 0 1 1 0 0: a23s 441

CHI -SQUARE C0HI -SQUARE F-IlAr

F-HRT 0-5 -- 10 10-15 15-20 20-2S 25-SO 30-3s 3S-40 FOR 3 TEST IEISODS:

Rau UF Raw U Raw iP Raw UP Raw UP Rau UP Ram UP Ra SF : Ram w
LS5. 0 0 0 0 1 1 2 2 I 1 0 a 1 1 0 0: 4 4
SL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0: 0 0

eC S2 19S as 153 10 126 0 0 0 0 0 0 0 0 0 02 236 48%
Mu 0 0 0 a 0 0 0 0 0 0 0 0 0 0 0 0: 0 0
TOTAL S2 Is5 81 153 10S 126 2 2 1 1 0 0 I 1 0 0: 240 4l3

CHI -SQUARE
VALUES 0-5 5-10 10-IS 15-20 20-2S

Raw WF Ram UP" Raw kF Ra4w P Raw IF"
LS .. .. .. .. 2.000 2.000 0.00 0.500 0.000 0.000
SL .. ... .... .... -- .
MC 2.942 6.154 3.210 4.131 2.229 3.01 .. ... ..

TOTAL 2.942 8.154 3.210 4.131 4.762 S.6I1 1.000 1.000 0.000 0.000

*CHZ--SQUFIRE - S.91 C4d*. - 2. alIpha .05)

1) Numbers presented are a inilmum estimation for test pwrlOds.

25-30 10-35 35-40 CHI -SOURRE tUAL.UES
:FOR 3 TEST kimous

RAU wP Ram UF Raw UF : Raw F
-- -- 0.000 0.000 .. .. 1.7SO 1.79

.. ..- - - -.... . 1 0.360 19.130

-- 0.000 0.000 .. .. 2 0.446 19.121



Table OG. In~dian Point hamm.,. test m~onitoring usi"t s".224go
horitoental transducer located at unit 3. Intik* W

Tidal Phase .S he before
to" tide

Duration of Tests 10 min hew.s 1.203 Test Dates 1i29fSO8
Treatemet rupoe 1O soc on. 20 sec off rest Time-: 2320

- -- - -------- ------ ---
10 nIImuTES DURINO TEST PERI00

RAN" Cm.ta,-s)

O-S S-10 10-IS 15-20 20-25 25-30- 30-35 3S-40

TV" Ram F• Rae" UF Rau HF Ram NF Rau UW Re" WF R am HF Ram. HF

LS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4

SL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0:

NC 66 321 164 260 ISO ISO 0 0 4 3 0 0 0 0 0 0

uil a o 0 0 0 0 0 a 0 0 0 a a 0 a

Total So 321 154 210 ISO 100 0 0 4 3 0 a 0 ,4 2 S

10 hINUrES AFTER TEST Pc*53o

0-S 5-10 10-15 IS -20 20-2S 25-30 30-3S 3S-40
Troc*pType Ra" 14F___Rm4_ 1F Rou UF Rau0 U Ram UI: Ram4 tF Ram UF *644 IdF

Total

Ram. WF

4 2

0 a

304 704

a 0

39* 796

Total

RaM. HF

LS 0 0 0 0 2 2

SL 0 0 a 0 0 0

NC as 321 138 259 178 214

iU 0 0 0 0 0 0

Total as 321 136 259 1i0 216

2 2 4 3 2 1 a 0

a 0 2 2 0 a a 0

a 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

2 2 G 9 2 1 0 0

0 0 a 10 8

0 0: 2 2

0 0 : 402 r94

0 0 0 ,* 0

0 0 : 414 904

CHI -SQUIMR CHI-StURRE F--HTF-Mar O-S S-10 10--s 15-20 20-25 25-30 30-3S CS-40 FOR 2 TEST PIRZOOS

LS. HF 0re 0F Rau UW Rau HF Ram NF Em. WF aRnm s Ema UHF R Ram IF
LS 0 a 0. 0 1 I I 1 2 2 1 1 0 0 2 1 7 r 5
St. 0 0 0 0 0 0 0 a 1 1 0 0 0 0 0 0 : 1 1
NC 86 321 146 2TS 164 107 0 0 2 2 0 0 0 0 0 0 : 390 794
IAm 0 a 0 0 0 0 0 a 0 a a 0 0 0 0 0 g 0 0
TOTAL 86 321 146 215 166 1og I 1 6 4 a • 0 0 2 11 406 600

C141 -SQUAllS
VALUES 0-S 5-10 10-15 1s-20 go-as 2s-30 30-3S 3S-40 CHI-SQUARE VALUES

-.-.-.- gsFO 2 MlST PERIOOS
iats FF Rm - Wm F Em. HF Re 1-I; Rm. &W Ram F Ram. Mur a Em IF

LS ... 00. 2.000 2.000 2.000 4.000 3.006 2.000 3.000 -- 4.000 2.000 £ 2.S67 3.600
SL. .. .. .. .. .. .. --- -- 2.000 1.000 ... -- -- -- : 2.000 2.000
"C 0.000 0.000 0.O7r 1.?so 2.3;; 2.;34 .q-- 4.000 3.000 .. .. .. ... .. : 0.0o0 0.000
MU1 -- -- - - - - - - - - - - - -- - 1 - -

Toros. 0.o00 0.o00 0.61p I..O5 2.727 3-.23 .000 2.000 0.400 0."0 2.000 1.000 -- - 4.000 2.000 : 0.31S 0.040

CHI-SOURXE - 3-.41 ¢d.f. - 1. alpla - .OS>

10 Nuvb4rs presmet.ed Aro a minimum estliation for test periods.



TabI e O?. IhdAUn Point Siaeeiea t*St @4e1tGi*-nQ using 6.412 d;*ra*
.hoe-i onetaZ tranzsde.~w Iocastod at. enit 3. intake

Tidal Phases 2 Hks af tee
High~ Tide

Den-atiom of r..t: 10 min" New, :n0h3
Treabe~oet type: 10 sec on 2 ec off

Test DatO: 2~4680
Test tiro 010

20 RIIWWES BEFORE TEST PERIOD
RAN1G1E (eetoe-e)

o-S S- 10 10-is 19-20 20-25 2S-30 30-39 35-40
tqp-e. Rom UF Rau 5E Rom. 14 Rae SWF Rate NF Roag NiF Rau' MV Ram. 1W .
Ls a 0 5 9 S 4 4 4 r a S I I 0 O
S0 0 0 0 0 0 a a 0 0 0 0 0 0 0 0 1sSNC 0 a 0 0 0 0 0 0 0 a 0 0 0 0 0 0:
u1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 02

__________-- 
-___------_____- 2Total 0 0 ! 9 5 a 4 4. 7 r; 9 s 1 1 0 08

so iINfrgS AUmRIea TEST PERIOD
RANGE <(eteres).

0-6 S-10 10-15 1S-20 20-25 2S-30 30-35 33-40
T~Ws Rae. IVa Ra IF Rae. IW i..' 1F Ra U; aam IF NRas "i 1aee MV I
LS 0 a 4 g 0 9 g $4 I1 5 4 2 1 £ 0

I
SL 0 0 0 0 0 0 0 0 0 a 0 0 0 0 .0 02

I
mc 1 4 1 1 1 1 S 1 1 1 0 0 0 0 0 02
us 0 0 0 0 0 0 0 0 0 0 0 0 0 a 0 0-
Total 1 4 6 10 0 s 10 • is 12 6 4 2 1 a 0

o0 NiINUTES AFTER EST PM 00
RA1NGE (meet.,-s>

0-s 6-10 10-1S 15-20 20-29 25-30 30-3s 35-40Trace
rjpw Meae SW Rae' 5W Raom HW R&Gl WV Raee H Raom 1E Rasa MW Rae" OF

Total

Rau' MT

-.. 31 3o

0 0

0 0

0 0

31 30

Total

Rae' uW

a 0

Sý

0 0

40 49

Total

Rasa ur

35 46

0 0

4 20

.1 2

40 so

CHI-SGURRE F-HAT
FOR 3 TEST PERIODS

Raew OF
36 30
0 0
3 6
0 1

39 45

LS 2 7 a 17 to 12 5 5 3 2 2 1 a a 1 0
Si 0 0 0 0 0 0 0 0 0 a a 0 0 0 0 0
14C 2 1 2 0 0 0 0 0 a I 1 0 a 0 0
Ul 0 0 A 2 0 0 0 0 0 0 0 0 0 0 0 0
T~tal 4 14 i as t1 12 5 5 3 a 3 a 3 2 a. 0

2

2

5

2

2

2

2

2

cMI -SQ0MRE
F-mrA 068 9-10 10-15 15-20 20-25 29-30 30-35

Ra&M UW Rae' LI RAM' UW Rau UV RA14 MP Mae. UV pass mVLS 1 2 6 11 7 9 6 & 0 6 6 3 2 1SL 0 0 0 a 0 0 0 0 0 0 0 0 0 aNC 1 4 1 1 0 0 a 0 a 0 0 0 0 0MU 0 0 1 0 0 0 0 0 0 0 0 0rerfol 2 6 7 13 a a 6 4 2 1
CBox-SQUARE
I*LUS 0-5 &-t to 10-15 15-20 20I-2S 25-30 30-35

Rae• Rau W Rau UF Rag IF Rasa s Ras" &W RANe MLS 2.000 17.600 2.333 S.4S5 2.8S? 1.111 2.333 0.500 r.750 7.000 3. t6? 4.000 1.000 2.000
1c 2.000 5.260 0.000 4.000 . .. . .. .. ... .No .. ... 2.000 .. .. .... .. ... .rer.L 3.900 17.333 3.42 V.a-1s o.06s 2.ooo 4.900 2.331 10.375 9.033 3.000 0.250 1.000 2.000

C$II-Sa0LR - 5-991 cd.f. - 2. alpha - -09>

RMA UF
0 0
0 0
0 a
0 a1 0

29-90 Cft -SQUnUC VALUES
'FOR 3 TEST PERIODS

Ra*" MF 2 Rau' SF
0.000 -- 3.00oe3 5.474

1"- - 4.667 11.1s
2.00.

0.000 -- 3 S.744 11-211



Table DO. Indian Paleet hasmeot toot seen1toring usi'e0 61112 d~ipro*
hortmontal trartsdueww located at urit 30 I,,tako m

TIl"I Pbh4g.: 2 shbs afte
. High Tad*

Duration of Test: 10 .win UP* S 0n"% Test Dates
Treatment Type: 10 sac on 20 soc off Tuet Trae.

2 '4f0
0140

10 IUMTES SEFORE TIST PERIzOD

0-5
Ti-aco -2--
Typo- Rae UF

LS 1 4

5L 0 0

"C 0 0

S-! to

0 0

0 0

0 0
0 a
0 0

Tt
Total

0 0

1 4

10-IS
R~m MF

4 S

0 0

a a

0 0

4 S

Raw IF

* 10

0 0

0 0

uinmse Caeto-s)

15-20 20-2s

RAM up Rau MF

0 0 1 1

0 0 1 1

0 0 0 0

RANGE Caotorx),

15-20 20-25

Rom. sw Ram H

lip i.s 11 a

0 0 0 0

0 0 3 2

25-30Rom-)O
Reu 11F

s 4

0 0

1 1
o o

10 6

0 0

1 1

30-3s

Ram 11

5 3

0 0

0 0

0 a

! 3

35-40 Total

tau. hF I RAe. M

2 13 -,33 29

0 01 1 1

0 Oa 2 2

0 0 0 a 0

S 1 1 361 32

3--40 Total

Rawe SIP I RaM US

2 1 58 ý 55

0 01 1 4

0 0 0 14

t0 mum[urEs DumIiO TEsr PERI oo

Ls

SL

MC

0--5 5-10

Rae 11F Rae4. 1

1 4 9 9

1 4 0 0

2 7 2 4

30-3S

Ram IF

3 2

0 0
0 0.

1 4 0 0 0 0 0 0 0 0 0 0 0 0 0

Total 11 1 13 a 10 1I is 14 1o 11 T 3 2 a a

10 IMNUTES AF1ER TEST PERIOD

O-S 5-10 10-15 15-20 20-29 29-30 -O-35 35-4

TYWo Rma UF Rasa "W Ram. UF Ras& UP Rasa FW Now IP Ra.A W Rau S

LS 0 0 7 13 7 0 10 9 11 a 12 7 4 2 1

SL 0 0 0 0 0 0 1 1 0 0 0 0 0

NC a 7 1 2 0 0 0 0 0. 0 0 0 1 1 0

1m 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Total 2 7 a is 7 a t0 9 1* 3 1 U r 3 1

I I 1 4

I0 Total

I Rab. 64F

o 6 52 4?
O 3 1 ' 1

0 a 4 1o

0 $ o 0

9 S7 so

CIU -SQUHIR F--Nar
0 FOR 3 TEST PIEROIS

hF 2 Rae. 11
I I 4? 43
0 2 3 5
a a 53 55

CHm -SOLUMw
F-mrT 0-5 r- 5 10-Is 1--20 20-2- 25-30 10-35

Ras& 1w Rom. H Rau. 6I Rae. HF Rau. N Rabe. u Rae . HF
LS 1 3 4 r & 0 12 20 9 r ..10 4 2
SL .0 1 0 0 0 0 0- 0 1 1 0 0 0 0
NC 1 9 1 2 0 0 0 0 1 1 .1 1 0 0
umrl 0 1 0 0 0 0 0 0 0 0 0 0 0 0
TOTAL 3 10 5 9 S a 12 10 11 1 10 6 4 3

35-4

0
0
0
2

CoI -SOtmRE
VALIES 0-; --10 10-15 15-20 20-25 25-30 30-35 35-40 CHIU-SOUPRRE MALUES

----- --- - -- 01CR 3 TEST PERIO0m
RNo" HF Rome W Raem HF Rae. H Raw. U Rae. U? R am S Ras" UP I Rau. LIP

LS 0.000 2.66? 6.500 13.714 2.500 0.625 2.75O 4.500 *.SOS 0.655 0.300 -0.16? 0.500 1.S00 -- O.s00 0.000 a 7-.lO 10.279
SL - 12.000 - -- . ... 0.000 0.000 -- - -- ..- 0.000 3.100
mc 4.000 S.600 2.000 4.000 -- . . . . 6.000 2.000 0-000 0.000 .. ... . 1 2.000 7o333
mu -- 12.000 .. .. ..- -- -- - " -- -- -- -- -- -- -- 12.:00
TOTAL 2.000 12.600 r.-0 15.•7o 2..o50 o.6ss 2.T50 4.500 a."2? -. 444 1.900 1.500 1.SO -0.66 -0.-00 0.000 110.453 20.502

CHS-I0UIC - 6.926 (d.f. - 2. alpha - .05)



Table 02. I ndi an Point hemm..r test %onl to-i ng usinug S.412 de3~weehorizon~tal tr-ansducer located at un~it 39 intake

Tidal Phase: 2 61-5 after
High tide

Duration of Test; 10 "in •w S only Trest Datel
roeat..nt Type: 10 s.c on " sec off test Tif..:

2/4/90
0200

... ..............
10 ANUTKS DURING TEST P6IiOD

UmI (meters)

a -5
1,qpe Rae. MF"

LS

SL
NC
me

1 4

o 0

2 r

0 0

5-10 10-15 15-20 20-25

Rau MV Rae MF RaW n w mv Rau

7 13 6 7 T a 2 1

0 0 2 -2 1 1 1 1

O a 0 0 0 a 2 1

• 2 2 2 0 0 0 a

a is 10 11 a 7 14 11

14 E.

0 0

3 2

a a

I 10

30-35

Rau. UP

a 0

1. 1

o 4
7 4

35--40 Total

Rma UF I Ra " Ii

1 0 c 64 so

0 0 a 4 .4

0 a 2 ? a12
O as 3 .4

1 0 1 00 69et.al 3 11

10 NII[UJES AFTER TEST PERI0O
W, 9 cmetwva>

0-5
Trace
rw•, Rage MV

LS 3 11

SL. 0 0

Ne a 7

IIm 0 -0

Tet~ax 5 to

Re" MF
G 11

2 4

0 0

1 2

10-1s 15-20 20-2S

Rau UF Ram i F no RMa

11 13 19 1 as 1S4

0 0 0 0 0 0

2 2 0 0 1 1

0 0 0 0 0 0

13 i 1s 1is 1s is

2S-30

Ram 1W

12 7
0 0

I I

0 0

13 a

30-35

Ram. MP

a 3

0 a

O 0

06 0
£ 3t

35-40 Total

Rau* MF a • Ra.11"

0 0 1 75 76

O 02 2 4

1 0 r 7 Ii

0 0: 1 2
1 0 $ 05 93

CNI -- UVM CHI-SQUARE F-HAT
F-HAT 0-S S-10 to-is 15-20 20-25 25-30 30-3S 35-40 FOR 2 FRST PERIODS

Rma M1 Ram MF RAM MV Ram MF Rau SF Ram UP Rae. 11 Rau. UP - Re" Ur
LI 2 a 7 12 9 10 13 12 1s 12 13 a 6 3 1 0 2 a5 63
so. 0 0 1 2 " I 1 1 1 0 0 0 a 0 01 3. 4
mC 2 7 0 a I a 0 0 1 1 2 2 L a 1 0o1 7 11
m 0 0 1 2 1 1 0 a 0 0 a 0 0 0 0 0 : 2 3
TOrAL 4 45 9 is 12 13 14 12 IT 131 is T 4 1 01 77 as

car-$cmmE
ViLIJES 0-S 5-10 10-15 15-20 go-as 25-30 30-3- 35-40 CH -SQURRE UALUES

---- - -:F'OR 2 TEST PERIODS
Rot. 1Ia Roam Wtt Rase M Rau 60F Rdt" mI RAE 1SW Ram MV Rot aw I Rae. M

LS 1.000 3.26r? 0.077 0.16r 1.471 1.800 S.S30 -.261 1.200 1.08? 0.154 O0O.? 0.000 0.000 .00 -- t 3.419 S.565
SL- -- 2.000 4.000 - 2.000 2.000 1.000 1.000 1.000 .000 - . .. .. ... .. I O.ss .5500
NC 0.000 0.000 -- .. 2.000 2.000 - - 0.000 0.000 1.000 0.333 1.000 1.000 1.000 S- 1 0.000 0.300
u. -- 0.000 0.000 2.000 2.000 -. . .. ... ... ... - 5 1.000 0.15?

TOTAdL 0.500 1.690 0.059 0.126 0.31 0.615 4.401 4.1rT O.75e 0.615 0.533 0.222 O.07 0.143 0.000 x- 1.089 3.556

CHI[-SOULE - 31.041 1d.f•. - 1. alp&a*- .O5W



Table DID. Iindian Pohin haw,, test monitworig using Gm12 dogre.
horizontal transducer located at unidt 3.. Intake34b

Tidal Phase., 2.S Mrs after
High tide

Ouration of Test: 10 win Hv4 S onlU Test Date:
Tra&tant rup=: 10 Sec on 40 sec off TeSt T M02

2~4186
0220

flflb.fnemfSflnSaaaffbinOaa fbafbflbfbblbbfflflflbl
10 "NIUTES DIXINo rsEr PERIOD

0-S
TraceType Ro" wF

LS 1 4

SI. 0 0

NC 1 4

wu 0 0

Total 2 a

S-10 10-15

Rau M RI t."

1 2 12 14

a 0 0 a

0 0 0 0

1 2 0 0

2 4 12 14

RANG <moeters>

15-20 20-2S 2S-30

RAU 1WF Raw M RAM MT

12 11 14 11 14 a

0 0 1 1 0 0

a o 0 0 1 1

0. a a 0 a 0

12 is is In is 0

30-3S

Rom. UT

10 5

0 0

0 0

0 0

10 a

35-40 Total

Raw MF 2 Ram WU
S4 2 1 6E 57

0 0 2 61

0 0 1 a

a 2 3 72 65

10 MIM[TES AFrTER TEST PERIOD

T--c 6-1O 10-15Trace_____
T• po Ram ws am 6w Ram SW

LS 1- 4 3 6 1 11

SAL 0 0 1 2 0 0

"C 0 0 1 2 1 1

IM 0 0 0 0 a 0

Total 1 4 S 10 10 12

MRAN0 C0te)rs)

1.-20 20-2S 2S-30

Itea S Raw NV Raw M

11 10 11 a 5 3

0 0 0 0 0 0

0 0 0 0 a I

0 0 0 0 0 0

11 10 11 a 6 4

30-35

Raba M

4 2

0 0

0 a

0 0
4 2t

35-40 Total

Rama MV a Ram uT2
3 1 2 4r 45

0 0 1 1 2I
0 0 2 3 4

0 02" 0 0
3 u !;1 51

CUT -SQ E CHI -SQARE F-HAT
F-HAT -S 5-I* 10-IS 1s-20 20--2S 2S-30 30--S 35--40 FOR 2 1SST PERIOD;

Rom MT Rau w Ram SF Rau UF Rao MV Ram UF Rau MF Raw MF 1 Rau UT
LS 1 4 2 4 S1 13 12 11 13 10 10 G 7 4 4 a2 a s 51
SL 0 0 1 1 0 0 0 0 1 1 0 0 0 0 0 02 2 2
NC 1 2 1 1 1 1 0 0 0 0 1 1 0 0 0 0: 3 S
WI a a 1 1 0 0 0 0 0 0 0 •0 0. 0 0 O a I
TOTAL 2 a 4 7 11 13 at 1& 13 10 s1 7 r 4 '4 2 2 fix A

CHI -- SM03l[
UALUIES 0-S S-10 10-15 15-20 20-2S ZS-30 30-35 3S-40 CHI-SOlURE VALUES

-- - --- --- - -ro-- 2 TEST PEAO0E
Raw MF Raw SF Raw SW RAM UP Raw SF Raw uT Raw 1Wr Raw M 9 Raba UP

L.S 0.000 0.000 1.000 2.000 0.429 0.3"0 0.043 0.040 0.360 O.474 4.263 2.273 2.511 1.20• 0.143 0.3321 3.0w5 1.412
SL - - 1.000 2.000 -- - - - 1.000 .000 - -- -- -- - -- 0.000 0.233
Nm 1.000 4.000 1.000 2.000 1.000 L.000 -O .. . 0.000 0.000 -. ... . S 0.200 0.111
Mu -- - 1.000 2.000 -- - -.. -- -- -- 76 1.000 2.0 low
rOTAl 0.333 1.333 1.206 2.5rl 0.18* O.IS4 0.043 O.040 0.615 0.600 3.0" 1.923 2.ETI 1.25 0.143 0.333 x SS.S I 1.1O

CIr-SQUAtiE - 3.841 (d.f. - 1. alpha - .050)



Table Dii. Indi an Poinht hapeor toot t"oni tor nq using 6'v12 door.
hewisontal traftsducwp locatwd at unit 3. intake U.

Tidal Phaso: 3 me-* aftoqr
"I ch TAide

Duration of Toots 20 sin Irw 5 on1M Toot Pato:
Treatwont rupe: 20 sec on 20 sec off root rise:

2f4.fSG
0240

to N]ures IDURING TEST PrIm[O

0--S
Trace
riw , Rau 1W

LS 0

Si.

"C

Iim

retas.

0

0

0

0

5-la

Raw 1W

0 4 a

0 0 0

o i 2

0 0 0

0 5 10

I RM4E Ometera)

1t-is 15-20 20-2S 2S-30 30-3% 35-40 Total

Rau W Rae. MV Rau MRamo 1417, Ram MV RMas u Rau ur

11 13 9 0 1 -S I S 2 $ 0 1 43 40

0 0 0 0 0 0 0 0 a 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0: 1 2

0 0 0 0 0 0 0 0 0 0 0 a: 0 0

it 13 9 a 7 5 9 5 2 1 1 0 : 44 42

M0 MNUTES AFTER TEST PERIOD
RAIWE (metwrs)

0-5 5-10 10-iS 15-20 20-2S 25-30 30-3S 3S-40 Total

Tqpe R.e. Rau Raua 1W Ram MV Rau 61 Rawe W Ra.m M Roem b a Rae. Mr

LS 0 0 4 0 2 2 112 1i 0 5 4 13 6 3 2 1: 40 35

S. 0a 0 0 0 0 0 0 0 0 0 1 1 0 a 0 0: 1 1

He 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0: 0 0

0 0 0 0 0 0 1 a 0 0 0 0 0 0 0 0 . 1 1

Total 0 0 4 2 2 12 a11 5 4 14 9 3 2 2 1 1 42 3

CNI -S•UARE
F-MT

LS
SL
14C

TorAL

0-5 5-10

Ra.. MV Ran" MV
0 0 4o a
a 0 0 0
0 0 1 1
0 0 0 00 0 s 9

1202- CH--SWURCE F-HA
1O--l; 15-20 20--25 2S-30 3 S35-40 FOR 2 T"ST PERIODS

Rau IV Rae" w RaM I6W Rau w RAeM MVF nao" * - a"I MI
7 8 10 1 6 5 ii 7 3 2 2 1 S 42 300 0 0 0 0 0 1 1L 0 0 0 0: 1 1a 0 0 a I a a 0 0 0: 1 £

0 0 0 1 0 00 o 0 a0 .0 0 L
7 S Ii 10 6 5 12 7 3 2 2 1: 43 40

CMI -- S01AE.
UVLUES 0- 5-1SO 10-iS 15-20 20-25 25-30 30-35 3S-40 CHI-SOUSRE UVLUES

Ra..... RR:OR 2 TEST PERiODS
a F Ras" w R44 5 lae. MR Raet MV Reu MV Rau M : Rat. LW

LS - - 0.000 0.000 6.231 0.067? 0.200 0.222 0.333 0.111 0.72? 0.692 0.200 0.333 0.333 1.000 0 0.100 0.533
St. 1 - - - -- .00 1.000 - - - 31.000 1. 100
NC - -- 1.000 2.000 . . .. .. . ... .. ..- -- 1. :.000 2.DO0

,- -- -- 1.000 1.000 , - - 1.000 1.100
Foret-L - 0.211 0.222 %.231 e.06r G.-422 0-41`4 0.333 0.1121 1.08? 1.143 0.200 0.3)3 0.333 1.000 30-04r 01.516

CHI-SCAuE - *3.041 (d.f. A . alpha - Ow6



Table, D12. Indian, Point hanner test $monitoring usingq 6912 degree
horizontal trakns~bjce.- located at unit 3. intake,35

Tidal Phase: 3 Hr-s before
hligh ti de

Duration of Test: .10 ami &tm. 5 only rest Dat*2
Trwatment Tyipe: 20 sac on 30 sc off Test Time.1

2./4jF9
0300,

to mi[UmES DuIaio TEST IP5[oo

O-S
Trace

LS 0 a

MC 0 0

0 0

Total 0 0

5-10 so-is 15-20 20-2s

Rau FW a -Raw F RU.P HF Raw UF

I a 4 5 6 5 10 a

0 0 1 1 1 1 I 1

0 0 0 0 1 1 a 0

a 0 0 0 a 0 a 0

1 2 5 6 7 r 11 9

25-30

12 7

0 0

0 0

0 0

12 7

30-35 35-40 Total

Rau. HF Rtau SF I Rea iW2
1 1 3 1 2 3S 22

a 0 0 0 3 3

0 0 0 01 1 1

0 0 0 0a 0 0

I 1 3 1 : 40 33

10 nZIU1WTS AFTER VEST PERIOD

0-S
Trace
Type Ran ur
LS 0 0

SL. 0 a

NC 0 0

u• 0 0

Total 0 a

5-10 10-IS 15-20 20-25

Ra;a HF Rw Rams MW Rau. W

2 4 3 4 & a 6 a

0 0 0 0 1 1 0 0

0 0 0 0 0 0 1 1

0 0 0 0 1 1 0 0

a 4 3 4 a r a '

25-30

17 10

0 0

0 0

0 0

I 10

30-3S 35-40 Total

Rau. HF Ra04 HF : Rau -u

I I 1 0 2 30 30
a a 0 1

0 0 0 0 1 1

0 0 0 0 1 1
I0

1 1. 0 2 41 )3

CH[-SOURRE CHI-SOUARE F-HAT
F-•AT 0-9 a-1o 10-15 15-20 20-25, 25-30 30-35 35-40 FOR 2 rwEST PER ago

Raw &W Rawl HF Raw HF Rn ur Raw HF It" 61F Raw" HF maw HF $ Rau F
L5 0 0 a 3 4 5 as 9 7 25 1 1 2 1 3? 30
SL 0 0 0 0 1 1 t 1 1 1 0 0 0 0 0 02 a a
1C 0 0 a a 0 0 $ 1 1 1 0 0 0 0 0 01 1 1
um 0 a 0 0 0 0 1 1 0 0 0 0 0 0 0 0 1 I

TOTAL 0 0 2 3 4- S a r 0o 150 .01 1 0 2 11 -41 -33

CHI -SQUARE
ULuLES 0-5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 CHI -SQUARE URLUES

FOR ~ 1TEST PERloi0
Rom HF Ra6 N Raw NP Raw HF R Raw RabP Re. U a HF" : Was H

LS ... .. 0.333 0.667" 0.14S 0.111 0.01 0.000 0.•22 O.205 0.652 0.529 0.000 0.000 1.000 1.000 2 0.094 0.817
5I. .. .. . .. - -- 1.000 1.000 0.000 0.000 1.000 1.00 .. ... ... .. 2 1-000 1.30
NC 1--..-0. 1000 1.0 1000 1.000 .. .. .. . 1 0.000 0.300

UNI . . . .. .. ..-- -- 1.000 1.000 h-00
TOT. -- -- 0.333• 0. P 0.000 0.4100 0.05 0.000 0.200 0.20 0.662 0.53J 0.000 0.000 1.000 1.000 2 0.012 O.D00

CHI-SOJARE - 3.041 (d.f. -I, alpha . .OS)



Tablo 013. Indian Point hawn.,- tost mnoi1toring using ",12 4;s..
horizontal transducor locatod at unit 3p Intake

Tidal Moae.' 3 Hra boforo
Lois tido

Duration of Toot: 10 min Imw, 5 onl~q root Dot*.
rreatwe.,t Typ*: 20 soc on 40 sec off Tooet r1mw.:

2,f4feO
0Ono

. .. ................... -- - - - - - -- - - - - - - - - -

10 NIMUrEs DURING19TE~ PERIOD

0-5
Tracw - !!
Type Rau MV

LS 0 0

SL 0 a

Rau M

S 9

a 0

0 0

o oJ

10--IS

Ra S

6 6

o o

6 7

IMmE Caeters)

1S-20 20-2S
Rae. SW Raw M

4 4 5 4

0 0 0 0

0 0 0 0

0 0 0 0

4 4 9 4

Raw MF

11 7

0 0

0 0

0 0

30-35

Rau MF

o •

0 0

0 0

5 3

35-40 Total

Rau MF - RaI MV

2 1 3 5 34

a 02 0 0

0 019 0 0

2 1 2 30 35

me

Mu

Total

0 0
0 0

0 0

20 "MIUTES AFTER TEST PERIOD
MAMo seatral

Trace,
To~p Raw WV

LS

SL

mC

IM

a 4

a 0

0 a

-• 0

S-10• o-15
Raw 1LW Raw Jar

3 ' 7 0

0 0 0 a

2 4 0 a

0 0 1 1

9 10 a S

15-20 20-2S

Raw MF Rie SF
3 3 U 41

0 0 0 0

a • 0 0

a 0 0 0

3 3 5 4

2S-30
R•w Uir

14 9

a 0

>0 0

1i 9

30-3S

Raw Mi

4 2

0 0

0 0

0 0

35-40 Total

3 1 2 40 36

0 0 5 0 0

0 0: 3 =

o 0: 1 I

3 1 c 44 42Tetal 1 4

CKR-S0RE C¢HI -SOUARE F-44AT
F-FAT 0-5 S-10 10-15 15-20 20-2S 2S-30 30.-s 35-40 FOR 2 TEST PERIODS

4aw ,F Raw MR Rw MV RNo "Vr Raw AV Raw U Rano up Rae UP 2 a4W MF
LS 1 2 4 6 6 7 4 4 a 4 13 a 5 3 3 1 2 39 35
SL 0 0 0 0 0 0 0 • 0 0 0 0 0 0 0 z 0 0
Mc 0 0 1 2 I 1 0 0 0 0 1 1 0 0 0 0 : 2 3
UN 0 0 a a I 1 0 a 0 0 0 0 0 0 0 0 , I
fOrmA 1 2 s 10 7 a 4 4 5 4 13 a 5 3 3 1- 41 31

iCUR-SGUUM
iLUE1S :-- 5-10 to-is 15-20 20-25 2:-30 30-35 35-410 CHI-SOUARE UALUES-- -- -- *FOR 2 TEST PE[RIODS

Ra& MF Raw Lw *aw UP Raw MF Raw M Raw RA WRa * 2 Rau MF
LS 1.000 4.000 0.500 0.600 0.333 0.286 0.143 0.143 0.000 0.000 0.360 0.06? 0-111 0.200 0.200 0.000 - 0.117 O.lST

Nc .. .. 2.000 4.000 1.000 1.000 .. .. . . 1.000 1.000 . .. .. 0.000 2 .67MU - - - -2.00014.000 - -- - - - -.1.0100 1.000 _ -_MM. ... 1.000 1.000 1... .. .. 0 h00 1 boo
TOTAL 1.000 4.000 0.000 O.OS3 0.286 0.250 0.143 0.143 0.000 0.000 0.615 0.250 0.111 0.200 0.200 0.000 3 0.439 0.636

CHI--SQUAE - 3.841 c(d.f. 1. apia - .05)0



Table 014. Indian Poin~t hawwes test m~onitorinbg using Gm12 d~rew
horizontal transducav located at unit 3, inltake

Tidal Phsal 2.5 Hr before,L.. Ti"da Duration of Teaot 10 vin HNr S only rest oat"
Treatment Tyue: 30 sac on 20 sec off rest TIna:

204044903b40
|n II~l~i |e iil og | llil p~ N B IIpiIIqllIJ• NIIII |•id il ~ ll I ~ liiLooe rideillllll 

ll i10 MINTES DURING TEST PERIOD
ROM Ovetors)

Trac*
Type RaIu i.

LS 0 a

SL a 0

S-10 10-IS

Raem U Rau HF

2 4 4 S

0 a 0 0

0 0 0 0

o o 1 1
2 4I I 6

15-20

Rau MF

9 8

a 0

a 0
0 0

. a

-20-25

Raw. HF

a 6

o 0

0 0

o 0

a 6

NC

'U'

1 4

0 0

Total 1 4

10 NIITEZS AFIER TEST PERIOD

25.-30 30-35 35-40 Total

RNau 1F Rau HF Rats HF R mb UF

L2 r 4 2 5 2 t 44 34

0 0 0 0 0 9 0

o 0 1 1 0 0a 1 5

0 0 0 0 0 1 1 1Ir
12 7 S 3 £ 2 3 4 40

23-30 30-1- 35-40 Total

Raue 4W "ar HF Ra Wd F M ame* lIP

5 3 3 2 4 2: 39 2r

0 0 0 0 0 0: 1 1

0 0 0 0 0 0: 1 4

0 G 0 0 0 0 1 2

5 3 3 2 4 2 2 3? 34

ROMM 4"etoloa)

Trace
Ty'pe

LS

SL

me

Uw

Total

0-5

Rau
0 0

0 0

I 4

0 0

1 4

S-10 to015

Ra. SW Rom SW

I a r
0 0 0 0

0 0 0 0

0 0 1 1

1 2 a S

*Am SW
6 5

I I

0 0

1 1

a r

20-2s

Rae SW

0 0

0 0

0 0

"d 5

CeIt -SOMBRE CtI-SaUARE F-4IMrF-HAT 0-5 5-20 to--is 20-25 25-30 30-35 3S-40 FOR 2 TEST PERI0oS

4aw SW *mu &W RaA M Rasa F S Rau SWF Rau WF maw UF Raw SWF - a Ra• W
LS 0 0 2 3 6 v 0 7 0 6 9 5 4 2 5 2: 39 31SL 0 0 0 a 0 0 1 1 0 0 0 0 0 0 0 0t 1 1
HC 1 4 0 0 0 0 0 0 0 0 0 0 1 1 0 0 a Smu 0 0 a 0 1 I I 0O 0 0 0 a 0 0 0: 3 2TOTRL 1 4 2 3• a S a 0 a 9 5 4 3 5 2: 42 3
CHI1 -SOU0W
DALSUE$ 0-5 9-10 10-1- 15-20 20-25 25-"0 30-35 39-40 CH1[-SaUARE IMLUES

- ....._- O. 2 TIEST PIRItaOoSRaw IWF *am 16w *a" SW taw SF Itau w RAMt SW Ra F "aRu SW 2 Ras MF
LS -- - 0.333 0.o64 0.610 0.692 0.600 0.692 0.0e? 0.091 3.66t 1.000 0.143 0.000 0.111 0.000 9 1.S1r 0.603SL - - -. . . . 1.000 . . ...- -- -- -- a 1.00 1.000MC .. .. . .0.000 0.000 1.000 1.000 M".... .. ..."a. -- -- - - o.000 0.o000 .0 1.00- 1 . O- . -.- : 0.332 0.1133TOTAL. 0.000 0.000 0.33) 0.647 0.62 0-fi0 0.0ss 0.04 0.067 0.091 a.602 1.600 0.00 0.020 0.111 0.000 a 1.1900.6

CtII-5OURJO - 3.041 (Cd.f. - Ag. alpha -. 053p



Table 015. Zndien Point hammer test monitoring usn1g w12 d.0re
hor-izontal trasoduicer located at unit 3p Intake 5

Tidal Phase.: 2 Mr-s bef ore
Lou, ri do

buratio. of Twstl 10 mrii Hm.- 5 only rent Dae 240
Treatm~ent Tq~pei 30 sc ani 3Svc off rest Tm.: 0400

10 ,wurcs ounina, resr Pinsov
RAONG cmeters)

0-5Tr-ace
Tiype Rna SF

LS0 0

SL 0 a

NC 0 0

MW 0 0

Total -0 0

- 10
Rata M

5 9

0 0

0 a

$ 9

10-IS 1S-20
Rot 1IW Roa U

iG a9 13 12

0 0 a 0

3 4 0 0

-0 0 0 0

is 23 13 12

20-2S

Ra. UF
*J 7

0 0

0 a

0 0

9 7

25-"0

Rau. UP

12 7

0 0

0 a

0 0

12 T

Raw. 41

7 4

0 0

0 0

o 0

7 -4

35-40 Total

R*e. UT W Ramu IF

2 1 64 $9

0 0 a a

0 0 a 9 4S
a 0 a 0

2 1 6r 63

10 mEIIES RFrER TEST P521D
RANGE (meters)

TraceType

LS
5L

me
UM
Total

0-5;

0 0

0 0

0 0

0 0
0 0

S-10

3 G

0 0

1 2

0 a

4 a

10-15 15-20 20-25

Rae. U Rau, UP Rau, 1W

l0 12 7 a 11 a

0 0 0 0 I I

0 0 I 1 0 0

0 0 0' a 0 a

10 12 0 7 12 9

26-30 30-35

RaI U W RAM &W

11 -7 .5 3

a 0 0 a

0 a 0 0

a 0 a

11 7 £ 13

35-40 Total

R00. UP a Rmau UT$
4 2 S' 51

0 0; 2 a 3

0 0 z 3

4 2 x 54 40

CHI -SQJIrE3 CHI -$QUPAR F-HMA
F-1HA O--S 5-10 10-15 15-20 20-25 2S-30 30-3• 3;-40 FOR 2 TEST PERIm)

Raba UT RAN Mw Rau SIP Ra • Rau, SI Ra. MTF Reau MF Raw. UP 3 Rao IF
LS 0 0 4 0 13 16 10 9 10 a 12 7 • 4 3 2 so 52
5.. 0 0 0 0 0 a 0 0 A 0 0 0 a 0 03 1 1

NC 0 0 1 1 2 2 1 1 0 0 0 0 0 0 0 02 3 4
S1M a 0 0 0 0 a 0 0 0 0 0 0 0 0 0 0 " 0
TorTA 0 0 5 9 15 to 11 10 11 a 12 7 6 4 3 2 t 61 S

CHI! -SOIMME
UML•ES 0-5 5-10 10--5 15-20 20-25

RAM UP Raw. MV as" SIT Rae. SW Re.. UP
LS .. .. 0.500 0.500 1.305 1.501 1;100 2.000 0.200 0.067
SL -.- -- -- - -- 1.000 1.000

eC -- - 1.000 2.000 3.000 4.000 1.000 1.Oo - --

TOTA. - -- 0 .111 0.059 2.793 3.457 1.190 1.3 15 0.429 0.250

aIl-SUARME - 3.841 (d.f. - 1. alph, - .05)

2S-30303 35-40 ClI! -SQUARE VALUiES
SFO2 2 TEKST PEi1100

Ra.. w2 Rau. UT Rae. SI : Rwe Sw
0.043 0.000 0.333 0.143 0.66? 0.333 2 2. 4T 2.194

.. . • -... .. . 1.00" 1.000
-. . ... .- 020. 0.1

0.043 0.000 o.MM!% 0.143 0.667 0.333 2 1.3,9r 2.02?



Table 016. Indian Point ha-m.. test goonttoring using 66@12 *o
lbarigontal transducer locatod at unit 3, Intake 5

TtdelI PhO602 1.5 Mrs bofow*
Lou rid*

Dur-ation of rests 10 noin Her S :n1y Toot Dates 2/4"09
Ts-eatsownt TV".I 30 sec on 40 Wec off rest nw..3 0420

10 mSTIES OUIaND TEST PERIOD

Trac&

LS

SL

16C
mu

Total

0-S

Abu MT

0

0
0

I

0

5-10

2 4

0 0

0 0

0 0

2 4

10-1S

0 10

0 0

0 0

* 10

RANOC (net.,-.
15-20 20-2S

Raw Mr Raeu T
• 7 10 SI

0 0 a 0

a 0 a 0

a 7 10 a

* 25-30

Ram UP
11

o •
0 0

0 a

11 ?

0--3 35--40 Total

Ras MF Rau T Rom MF

8 4 2 1 2 49 41

• • 0 a 0 0 0

0 0 0 0 Z a 0

0 0 0 0 S 0

* 4 2 1 2 43 41

10 MIHUTES AFTERr rTEST PRIOD
RANME (asters)

Trace

LS

SL

MC

um

Total.

0-5

Ram UT

2 7

0 0

1 4

a a

3 10,

5-10

0te 0F

0 0

a 2
0 0

0 0

1 2

Rai IWV*

1 4

0 0

a 0

0 0

3 4

13-20 20-25

Rau HF Ra" UF

4 4 &1 a

1 1 0 0

a 0 0 0

0 0 0 0

5 5 11 a

25-30
Ras MF

a 9
0 0

0 0

0 0

• •

30-35 35-40 Total

RaId SF Ram ,F W Rau mW

7 4 4 2 9 33 34

0 0 0 Og 1 2 3

a 0 0 0• 1 4

0 - 0 a 0 0 S 0

7 4 4 2 a 42 41

CHI -OSURE CHI -SOURRE F-Har
F-MOT •-S 5-10 10-1- 15-20 20-25 25-30 30-33 35--40 FOR 2 TEST PERIODS

RIom F Am pUT Rau HF Rau HF Rae MF Rau HF Rae HF Rau IF 3 Rau HF
LS 1 4 1 2 s 7 6 6 11 a to 6 0 4 3 2 5 44 30
SL 0 0 1 1 0 0 1 1 0 0 0 0 0 0 0 0 s 1 2
Nc 1 2 0 0 0 - a 0 a a a 0. 0 0 0 0 0 1 2
UM 0 0 0 0 0 0 0 0 0 a 0 0 0 0 0 02 a 0
TrnrL. 2 6 2 3 5 7 r 6 11 a 10 .6 0 4 3 22 41 41

CHI -S-UAM
VALUES O-S S-10 10 -1S 15-20 20-25 95-30 30-5 35-4-0 CHI-SM•RE VALUES

-- ____- -- tFra a TEsr Pe21005
Rae MF Ram UP Rae8 Sw Rae S Rae UT RAN@ lIP Rae MT Rae HF 2 Rae HF

LS 2.000 000 2.000 4.000 2.z23 2.7i1 1.333 0.610 0.048 0.000 0.474 0.!33 o.os7 O.000 O.667 0.333 1 1-136 0.653
SL - -- 1.000 2.000 - - 1.000 1.000 - - - -- -- - 2 2.000 3.000
mC 1.00041.000 - - - - - -- -- - -- - 11.*0& 4.000

TOTAL 3.000 11.000 0.333 0o.s7 2.a2? 2.571 0.6%2 0.333 0.04. 0.000 0.474 o.333 0.06? 0.000 o.ss 0.333 a O.s3a O.000

CI--SOWMIE - 5.09% Cd.f. a . alpha - .O5



Table 811'. Indian Point ha"w~r- test monitorin? ui 7 6m412 degree
horizontal transducer located at Unt 3, i k 5

ridal Phs.e: 3 hes before
low tide

Iw-ation of Test: 10 min bew h 35 Test ODte:
rreatment rUpe: t0 see on, 20 ,#€ off Test rt1w:

2,e13199
104?

10 rnNIurEs eFjORE TEST PERIOD
RANGE <t4wt•a-

0-S t 5-10 10--is 15-20 20-25 2S-30 30-39 3S-40Trace Z W -- -------
Tvpe Rau w V Ra M Ra. M Rom MV RAM MV Ra4 MV Rau My Ram F -

LS 0 0 a0 0 0 a 0- 0 0 0 0 a 0 0 0 0a
SL 0 0 0 0 0 a 0 0 0 0 0 0. 0 0 0 0a

"c 2 7 1 2 0 0 0 0 0 0 0 0 0 0 0 0 -

MU 0 0 0 0 0 0 0. 0 0 0 0 0 0 0 0 0 z

Total 2 ? .t 2 0 0 0 0 0 0 0 0 0 0 0 0

10 MINUTES DURING TESTI PERIOD

RANGE (m~wet.-

0-S S-10 10-is IS-20 20-2S 2S-30 30-35 3S-40Trace - ..
Type Raw MV Rau MF Ram iF ita& UF Ram M Rom MF Rau W Raw V 9

0 0 0 0 0 0 1 1 a 0 0 0 0 0 0 a*

SL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0:

"C 1 4 0 0 2 2 1 1 a 0 0 0 1 1 0 0

Um 0 0 0 0 0 0 0 0 0. 0 0 0 0 0 0 02

Total 1 4 0 0 2 a 2 2 0 a 0 0 1 1 0 01

10 MINUTES AFTER TEST PERIOD
RANE aoeters)

T-r c5-0 10--15 15720 20-Z; 25-30 30-35 35-40
-rac- -- - --- --

Trupo Ros MV Rage sV Raw MV Rac MV Raw4 Mi Raw 44F IRaw M Ram MV I

LS 0 0 0 0 2 2 a 1 0 0 0 0 0 0 :

SL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0a.
NC 6 22 5 9 1i 1i 0 0 0 0 0 0 a 0 0 0O

um 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-

Total & 22 S 9 17 20 L I 0 0 0 a 0 a 0 0

Total

a 0

0 0

3 9
0 0

3 1

Total

Race &W
I I

0 0

S a

0 0

Total

Ram MF

0 0

26 49

0 0

29 52

CIII - SQU[ CMIZ -SQUARE F-HATV_-SAT 0-5 S-90 10-1S 15-20 20-25 25-30 30-31 35-40 FOR 3 TEST PERIOD•

Rom MVF RaIm UV Ram u Raw MV Rau MV Rag MV Ra m V RMa MF 2 Raw MF
LS 0 0 a 0 1 1 1 I 0 0 a 0 a 0 0 0 I 1SL . a 0 0 0 0 0 0 0 a 0 0 0 0 0 0 0 2 0 0NC it 11 2 4 6 7 0 0 0 0" 0 0 0 0 0 0 3 11 22",r 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0: a 0TMTAL 3 11 2 4 6 r 1 1 1 0 0 0 0 0 0 0 0: 13 23

CHI-SQtUARE
VALUES 0-5 S-10 10-15 15-20 20-21

Raw MVF Raw MV Ro UF Rau Rtaw Ml
LS .. .. .. .. 2.000 2.000 0.000 0.000 --
SL .. .. --I -- .. .... ...- ..
NC 4.66? 16.90• .000 10.2t 0 21.16? 26.8S? - . .. .. .

TOTAL 4.66? 16.909 T.000 10.250 21.833 36.?14 2.000 2.000 ..

CHI-SQUARE . S.991 (d.f. - 2. alpho - .OS)

25-30

Ram UF

R 0-35
Raw MF

3S-10 COT -SQUARE VALUES
---- - Fo 3 TEST PERIOM

Raw MV F Rau MF
.. .. 2 6.000 6.000

--- "-- :30.45 49.727

- 30.154 S4-609



Tabl* D10.- Indian Poin.t hammer test "notitort "g usi ng 6@412 "grow.
-horizontal tvansdtscor located at unit 5, Intake 3S

Tidal Phases 3 hrs bofore
Lou tide

Ouration of Toot: 10 I•n, hmrs 36• Test Date:
Treatnont Tqpo* t0 sec on, 30 sec off Test Tine:

2,13/88
I 10?

flna~ainbaa4.ana~SinS a.snna~~.aes.na.aaa*SS
£O nIWITES OunmIH TEST PaIao0

tRAWE (oeters>

0.-5
Trace

LS 0 0

St. 0 0

04C 11 41

SNm a 0

5-10 10s is 15-i 20-25 26-30. 50-35

RANa MF Ras W Ru 5F WRam NF Rau Ur IRam 1F

O 0 0 0 0 0 0 0 0 0 1 1

0 0 0 0a 0 0 0 0 0 0 0 0

a 15 32 30 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0

1
35-40 Total

Rau SW Rau U1F

0 0: 0 0

0 0 41

0 0 0 0

roate 11 41 a is 32 30 a 0 0 0 0 0 1 1 0 a 0

10 n uwrES AFTER TEST PERI[OD Roo et3e31

O-S 5-10 to-is IS 1-20 20-25 25-30 30-3 35-40

Tupe Rma MV Ram, MF Ram SW Ro.m SW RauU Mmr HRa SW RA UP U Ia., 1 -

6S 0 0 0 0 0 0 2 2 * 1 1 1 0 0 2 1 :

SL 0 0 0 0 0 0 0 0 a 0 a 0 0 .0 0 aS

NC 33 123 2 535 55 76 0 0 0 0 0 0 0 a 0 0.

MW 0 0 0 0 0 0 0 a 0 0 0 0 0 a 0 0 g

Total 53 133 20 93 55 2' 2 2 1 1 1 1 0 0 2 1 0

52 ¶

Total

6 S

o 0

124 252

0 0

120 25?

CMI -S-•Uam CMI -SQUARE F-HAT
F-H4rT O--S -10 10-1s 15-20 20-25- 2S-30 30-3S 35-40 FOR 2 rEsT PERODoS

Ream UP Ram. U Ral MF Iew4* M4014 F I am MV 'Ra ý Ro" MIF ; RAM MV
LS 0 0 0 0 0 0 1 1 1 1 a 1 1 1 2 1 4 3
St. 0 -0 0 0 0 0 0 0 0 0 0 0 0 0 0 a : 0 0
mC 22. • 2 1* 34 40 ST 0 0 0 0 0 0 0 0 0 0a 80 1 3
vu 0 0 0 0 0 0 0 0 0 0 0 a 0 0 0 0 0 0
TOTAL 22 62 18 34 409. S? I I 1 I I I I 1 1 1 91 I76

CHI -SQUARE
VALUES 0-S 5-10 10-15 15-20 20-2s 25-30 30-3s 35-40O CH--SOUARE VALUES

S-- --- - -------- :FOR 2 TEST PERIODS
Rasa MF RAM 1W Ram 1M Ram UF Ram. MF Rau MV Rm• M Ram W : ft am MF

LS .. .. .. . .. . 2.000 2.000 1.000 1.000 1.000 1.000 1.000 1.000 2.000 1.000 : 3.51 2.56?

NC 11.000 41.000 11.191 21.235 10.116 12. 7 . .... .. ... :30.4. 72.150

TFor 11.000 41.000 11.111 21.23S 10.116 12."6 2.000 2.000 1.000 1.000 1.000 1.000 1.000 1.000 a.000 1.000 :33.429 74.557

C$41-S4SrdE - 5-041 (d.f. -a. alpha - .OS)

I) Number presented are a .dniw• u estination Ifo teot periods.



Table 019. Indian Point bamner test monitoring using 6m22 ds~ree
horizontal transducer Located at uani t 3, intake

Tidal Phase: 2.5 hrs before
I oma ti de

Duration of Test: to winn hmrs 3&S Test Date:
Treatmont Type: 10 sec On. 40 sec off Test imne:

2 13189
112?

1O niNUjrES DURImN TESt PERIOn
ROOM cmoters)

0-5 5-10 10-15 1S-20 20-25 2S-30 30-35 M-40_
Trace - ------ -
Twpe Ram MP Rams Wr Rau SW Rams Mr Ram UF Ras MF Rat WF Ram MF .

LS 0 0 0 0 4 S I I 1 1 1 1 0 0 1 0a

S0 0 0 a 1 I 0 0 0 0 0 0 0

NH 46 1r2 6O 113 54 s5 0 0 0 0 0 0 0 0 0 0

MM 0 0 a 0 0 0 0 0 0 0 0 0 1 1 0 0..

Total. 46' 172 GO 113 so 70. a 2 I I 1 1 1 1 1

lo INiuTES AFTER TEST PERIOD
RIOE18 Ceters)

--S S-a -O10-15 15-20 20-25 2S-30 310-35 35-40
Trace --- !----_
Tmpe Rams HF Rams SF Rau W• Rams 11F Ram HF Rem 1F" Ram UF Rau UF

-~ ---a- -

I
Total

Rams Mf

8 S

£ I

1 A

170 360

I-
Total

Rams UF

LS 0 a

SL 0 0

NC 49 183

Ia" 0 a

Total 49 103

0 0

O 0

73 13 7

o . 0

0 0

40 40

0 0

40 4a

* 2 2 2

0 0 0 0

0 0 0 0

o o 0 0

2 2 2 2

4 4

0 0

0 0

0 0
* 4

o 0 0 I , 10 a

0 0 .O 0 2 0 0

0 0 0 0: is2 3so

0 0 0 01 0 0

0 -. 0 0 r 172 376

CHI-SQURRE -HI--SQUARE F-EAT
F-Hir O-S 6--0 10-1S 16-20 20-29 2S-3 30-3 3514 FOR 2 TEST PE•| )10S

Rams HF . Rams HP Ra4 MF Rams 617 Ran MF Rai. MF Rams UP Raw. HF I Ran4 UP
LS 0 0 0 0 2 3 a 2 2 2 4 3 0 0 1 0: 9 0
St. 0 0 0 0 0 0 a 1 0 0 0 0 0 . 0 0 a I I
tiC 40 1T8 67" 125 47 ST 0 0 0 0 0 0 0 - 0 0 Is& 359
ga0 0 0 0 0 0 0 0 0 10 *0 0 0 £ 1 0 01 1 1
TOTAL 40 IM7 6r 12S 49 59 2 2 2 2 4 3 1 1 1 0 inl 360

CHR -SQUAIe
VALUES 0-S 5-0 ioat-is is-to 20-aS

Rae MUF Ram PF Ram F Ran OF Ran HP
LS .. .. .. ... 4.000 S.000 0.333 0.33 0.333 0.333
SL .. .... ..... .. .000 1.000 .. ..
HC 0.09S 0.341 1.211 2.304 2.085 2.556 - . .. .. .

TOTAL 0.09S 0.341 1.271 2.104 3.306 4.102 0.000 0.000 0-333 0.333

CHI-SOURRE - 3.841 Cd.f. it, Alpha - .07)

1) Nunbers presented are a minimum estimation for test periods.

25-30

Ran HP
3.971 1.000

3.571 1.800

30-3s 3S-40 CHIt -SQUARE SALUIT-S---------- :FOR 2 TEST PEUWOOS
Ran HF Ram MF Ram UVaP.

. . 1.000 -- : 0.222 0.000

1.000 1.000 : 1.000 1.000
1.000 1.000 1.000 .012 0.348



Tabl. 020. Indian Point ha,....- test mofltor-ing using Sm12 degree
horizontal transdiucer located at unit 3m intake,3S

Tidal Phase: 2 hr. before Duration of rest' 0 nin, hss 3&S rest DateS 2n13/&w
los tide rrwatent Trup0: 2 . o.. 20 sc* orf rest riW*: 1147

. .. .. .. . ..... ... . . . ........ . ----------- -
10 MINUTES DURINO TEST PERIOD

ROME (<meters>

Trace
type-

LS

SL

"U

Total

0-S 5-t 100-15

rea WR• 3rs WF Ram WF

0 0 0 0 0 0

a a 0 0 0 0

02 306 1si 353 102 122

0 0 0 a 10 0

32 "06 169 353 102 122

15-20
Re..El

0. 0

0 00 0

20-25

0 0

0 0

0 0

0 0

1
25-30 30-3s 3S--40 Total

Ra MV. Rau Uf Rau U Ram WV

0 0 0 a o 0 : 0 0

o 0 0 0 0 0: 0 0

0 0 0 0 0 0 - 372 FB1

0 0 0 0 a 0: 0 0

0 a 0 a 0 01 372 7'1

2S-30 30-35 3S-40 Total

Rai UW Raw MV Rau MV a Ram UF

0 0 0 0 0 0 1 1

0 0 0 0 0 0o 0 0

o 0 0 0 0 0: 320 654

0 0 a 0 0 0: 0 0

0 1a 0 0 0 a : 329 S55

10 INUTrES AFTER TEST PeROO
RfWM C..tors)-

Trace-Ty;p

LS

SL.

NC

Total

0-5 " .- 10 10-15

midu WVa Ra. MF Bam WV

a, 0 0 0 0 0

0 0 0 0 0 -- 0

Se 20" 174 327 Se 116

0 O 0 0 a 0

56 209 IT4 327 90 1ie

19-20

R~au UT

I I

0 0

0 0

0 0

1 1

20-25

Raw. WV

0 0

0 0

0 0

0 0

CHI-SURRE CHI -SQUMRE F-HNT
F-HAr 0-5 9-10 10-15 25-20 20-25 25-30 30-35 35-40 Fro 2 eirT PERIODS

Ra UP Ram Mr Ram 61 Raiu 16w R88 W 3 Ra W Ba Rau WV Ram W l:e. 0uF
LS 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0: 1 1
SL 0 0 0 a 0 a 0 0 0 0 0 0 0 0 0 0: 0 0
NC 69 250 s 1 340 100 120 0 0 0 0 0 0 0 0 0 0: 350 718
U14. 0 0 0 0 0 a 0 0 0 0 0 0 0 0 0 0: 0 0
rOTmL 69 2SO le 8 40 100 120 1 1 0 0 0 0 0 0 0 0: 351 r16

CHI -5 E•M"R
VRLUES 0- 9-10 10-15 15-20 20-2S

Re. WV R. WV Rau ReC W B Raa W
LS .. . . .. .. . 1.000 1.000 .. ..

NC 4.899 16.20 0.541 O.S94 0.080 0.06? . .. .

FormT 4.199 16.270 0.541 0.9194 0.080 0.067 1.000 1.000 - -

CHI--SQJUARE - 3.041 Cd.f. - 1. alpha -- .S>

13 Numbers presented oe a ciniusu estimation for t.st porl-ds.

2S-30 30-3S 35-40 CHI -SQURE UVALUES
ZFO 2 TEST PRItOoS

aem. MF Raba W Raw UP Z Ram MF
1.000 1.000

-. : 2.r66 11.240

. .. .. ... .. - - 12.65 3 t.0-56



Table 021. Indian Point hamm~er test .monitoring using 6a.12 degree
Norizontal traunsducer located at unit 3. inta1k* 3.

Tid&& Phose: 2 hro before
I.*. tide "

gkuation of TeSt: 10 motn, hmrs 36 Test Date:
Treatml~et Type: 20 sec on, N0 sea off Test Tinet

2ý1 13"S8
1207

10 IlNUrES DURINO TEST PERIOD
MANDE C..eteros

O-S 6-10 10-19 L--20 ft-as 25-30" AO-35 35-490 Total

TRPa Rua UF M&" MVF RAN, M Rau 1W Re. SF Ram MF Rau UP Ram. MF MRam MV
- --- - - -

LS 0 a 0 1 0 0 1 1 0 0 0 0 2 1 1 0 4 2

SL a 0 0 0 0 0 0 0 a 0 a a a 0 a 0o 0 g

me 81 302 203 30 164 221 0 a a a a 0 0 0 0 a a 4a0 90s
I

W0 0 0 a a a a a a a 0 a a 0 a 0 0 0 0

Total 01 302 203 32 104 221 1 1 0 0 0 0 2 1 1 0 z 472 90?

10, hINUTES AFTER TEST PERIOD

0-S S-10 10-is 15-20
Trace ------

Tape a. MF a. MF Reu MW Rau M

LS 0 a 0 0 0 0 2 2

SL 0 0 0 0 0 a 0 0

WC 90 3346 231 434 15 210 a 0

MU 0 40 0 0 0 a 0 0

Total s0 336 231 434 175 210 2 2

RANGE Coe.tmsr

20-2S

Ram MF

3 2

a 0

0 0

0 0

1 2

125-30 30-36

Ram MF Rau MF

0 0 0 0

0 0 a a

0 0 a 0

0 0 1 1

I
35-40 TOtal

Ram UF * RMa MF

0 0 : 6.
"o , 0 - 0 0

0 0 4S4 se0

a 0 a 0 0

0 0 3 502 985

CHI-SQUARE CHI-SQUARE F-EAIf
F-HAT O-S 5-10 10-15 15-20 20-265' 25-30 30-36 35-40 , FOR 2 TEST PEI] o30S

Iam MWF RAm" MV RaIem Ma Ram NF Ra. UP Ram. MVF RMam N Rau. L I RMam UF
LS a a a 0 0 0 2 2 2 1 0 0 2 1 1 O . S 4
SL a 0 a a 0 a 0 0 0 a a a 0 a 0 0: a a
NC as 319 21? 400 &so 21a 0 0 0 0 0 0 a 0 0 0: 402 +943
M, 0 0 0 0 0 0 0 0 0 •0 0 a 0 0 01 0 a
TOIAL 06 319 2I? 400 1o0 a15 a 2 a 1 0 0 a 1 1 0 40F 946

CHZ -SQUARE
VALUES O-S -- 10 10-1S .S-20 20-2S 26-30 30-35

-a- -- Ram uV Ra..m . Rab U M a.Raba M a... U R.om M0
LS - - -- - -- - 0.3"3 0.333 3.000 2.000 - - 0.333 0.000
SL -- " --.. - - --
meC 0.474 1.912 1.60" 3.314 0.225 0.20 - - - -oMU .- - -o- .- o, -o. .-. ,. -- --- -.-o-o
TOTAL 0.474 1.612 1.605 3.314 0.226 0.201 0.333 0.333 3.000 2.*000 - - 0.333 0.000

CHI-SaQIMR - 3.641 (d.f. - I. alpha - .0s)

1) fhmbors presented are a minimum estimation for test perlidS.

35--40 CNI[C-SQUARE VALUEIS
FOR 2 TEiST PEWIooS

Raa. 64F 2 Ra.. UV
1.000 -- - 0.400 1.280

--- - 0.013 2.904

1.000 -. 2964 3.23"



Table 022. Indian Poirot. harmer test roanitorin using 6"12 d4*W"
horizontal transducer located at unit 3p intake .

Ti4..1 Phase: 1.9 hw. before
l.am tide

p..atlon of rest: 10 min, hwg 36 Text Dot*-. 2913/00
- Vroeat..nt rupo: 20 S., .. * 40 s. eoff Test Time: 122?

10 ItIoUTES DURI TEST PE[OD a,-
RAi OSE Cpoot.,r)

0-5 S-S0 10-16 16-20 ZCI-25 25-30 30-35354
Trace -----

TVpe Ram. MF Ran UF Riam MV Ram MV Ra. iF Rams M , Ram IS Ran MF a

LS 0 0 0 0 0 2 2 1 1 1 1 0 0 02

SL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 a:

KC 102 380 201 w2a 216 259 a a a a a a a 0 0 0:

MM 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0:

Total 102 0 201 S28 216 25s 2 2 1 1 1 1 0 0 a 01

10 nIiTuES AFTER TEST PRioREOD *045 aetevrs)

O-6 S-10 10-15 15-20 *0-25 25-30 30-35 35-40
Trace -- - - -- - - - - - - - -
ypo Ram M Ran MV Ram UPF Rem. Ranm O Rem UPF Ran Mw RaIm "

LS 0 0 0 0 0 0 3 3 1 1 0 a 0 0 a 0a

I
Total

Ram .F

4 4

0 0

0 0

603 1171

4 4

SL 0 0 0 0 0 0

NC S0S 392 270 S0a 214 257

0 a0 0 0 0

Total 1s0 392 270 Sao 214 257

a 00 a 0 0 0 0 0 0

0 a a 0 0 0 0 a 0 2 589 1:5?

0 0 0 0 0 0 0 0 0 01 0 0

3 3 1 1 0 a 0 a 0 a: S93 list

CHI -SQUARE cI t-souARE F-Nor
F-mAT 9-5 -- 10 10-16 15-20 20--s 2S-30 . 0-35 . 35-40 FOR a lEST PERIOD-

Rams UP Ram. NP Rau UP as" MV Ran lap Ram. UP Ran4 .14 Raus MP Ran UP
LS 0 0 0 a 0 0 3 3 1 1 1 1 0 0 0 a: 4 4
SL .0 0 0 0 0 0 0 0 0 0 0 0 0 0' a 0 0 0
HC 104 306 2T7 510 21S a 2 a 0 a 0 a 0 0 0 0 0 S94 1162

-m 0 a a 0 - 0a 0 a 0 a 0 a 0 0 0 0
TOTAL L04 386 276 G18 ass ass 3 3 V 1 I I 0 0 0 0 2 590 116e

C1H -SQUARE
UlUS 0-S- S-l0 10- IS 1-20 20-25 2S-30 30-35

Ram MF RA*" UP . am. MV Ran MV Raw•m R"a UP Ran MF
LS -- . -.. .. .. .. .. 0.200 0.200 0.000 0.000 1.000 1.000
SL. -- -- - - - - -- -
14C 0.043 0.18? 0.220 0.305 0.009 0.000 - ... . ..----

TOTRL 0.043 0.18? 0.220 0.306 0.009 0.006 0.200 0.200 0.000 0.000 S.000 1.000 - -

CHI-SaOifte , 3.041 cd.f. - 1. alpha - .0%)

1) Numbers presented r. a .ulniuu4m o estiation for test per0odIs.

35S--0 NCHI -S1UARE UALUES
-- VOR 2 lEST PERIOD!

Ram. UMV I Rem MV
.. .. a 0.000 0.000--- - : o. - •4
- •- o0.0"4 0.043

-- 10.064 0.043



Table a 23.. 3ndian Point hoanner toot Paconlterlmg Losing Sum12 doeve
horizontal transducer located at unit 30 Intake 3ft

TidaL Phas*3 30 mai before
to" tide

Duration of rTst: 10 "in. hors 36S Trslt Date: 2./13es
Treoataent Trjpe: 30 ec on. 20 seC Off rest TViowe 1247

-I----- ----- - - - ft ------l - .• ...•.. . . ..lnml
10 nIuUTES Douts, TEST PERIOD

RdaNE (ae•,t.s>

T-r c-10 20-151! 16-20 20-25 252-5Q 230--35 39-40

Tqjpv Ram bMV Ram UF Ram UV Ram UT kRan UW gan UV Room 6P Roo" MV
LS a 0 0 a 0 0 0 a 0 a I 1 0 0 0 0:

SL 0 0 0 a 0 0 0 0 0 0 0 0 0 a a 0:

NC 124 463 242 466 236 2J3 1 1 0 0 0 0 0 0 0 0a

i 0 a 0 a 0 0 0 0 0 0 0 0 a 0 0 a

Totai 124 463 242 455 236 203 I 1 0 0 1 a 0 0 0a

10 "INUTES AFTER TEST PERIOC

O-S 5-10 10-1s 16-20 20-2S 25-30 30-3s 35--40
Trac* -- ----- - - ---- - -- - - - --- - - -- -
Type ino UV Ran UT Rooo MV RAn M Rasa UF Ran UF R44 MF kae UF 2

LS a 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SL 0 0 0 0 0 0 a 0 0 0 0 0 a 0 0 0:

He to 36 241 451 200 250 0 0 0 0 0 0 0 0 0 O0

U" 0 0 a a 0 a 0 0 0 0 0 0 0 0 0 03

Total so 366 241 453 208 2S0 0 a 0 a 0 0 a 0 0 0a

Total

Ram MF

1 1

0. 0

603 1202

0 0

604 1203

Total

0 a
o 0

5v47 $06+J

0 0

54? 106*J

CB[ -SOIJAE Ict4X-SQO£MR F-Mr'r
FNATr 0-5 5-10101 16-20 20-26 25-30 30-35 35-40 FOR 2 TEST PEAV IS0

Roo" UT Ram UT Ran, NV Ran LW ma" MV Ra NV Ra&" MT Ram SIP Ran UW
LS 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0: 1 1
SL 0 0 0 a 0 0 0 0. 0 0 0 0 a 0 0 01 0 0
fie 11i 415 242 454 222 267 1 1 0 0 0 0 0 0 0 0 S S.3 160
Mu 0 0 0 0 0 0 0 0 0 0 a 0 0 0 0 0 0
TA0rL 111 41s 242 4s4 222 26? 1 1 0 0 a 1 0 0 0 0 : 576 1136

CHS -SoUARE
UfLUES O-S S-10 t0-iS IS-"O 20-25 25-30

Ra T nM a&" NV Ram UV Ran" U Ram MT
LS .. ... ... .. .. .. 1.000 1.000
SL -- - - - - - - -- --
NC 3.04S 11.-30 0.002 0.004 1t.7I 2.043 1.000 1.000 . .. ..

TOTAL 3.046 11.350 0-002 0.004 1.766 2.043 1.000 1.000 .- - 1000 1.000

CBS-SQUARK - 3.041 cd.f. 1. alpha - .05>

RAM -
3-40 CHI -SQUARE UALLWES

rFon 2 TEST Petti.es

.. ..- 2 1.000 1.000
-- -- .- 0- -

1> tfiebers presented are a odnimaa. *sti.,tion for toot perlods.

. t



rablo 02-4. Indtan Point hane.. test menitorimt u.sing Gm.12 dogr..
t~arlaontal trakth41..cwr located &t unrit 50. intak. 3b

rid&& Phase: 30 min "~fare
10" tIdi.

DuVation air Tests 10 min. twag 146 r~s* Data:
Tro.tn~nt r.qp*: 30 soc awb. 20 sec off Test tine.:

2d4 13B
:30?

- - --- - - -so. .. . .. . . -sn. -fnf a a -- - - - .. . .. . .. . se i f.... f....

10 nlUrES DURIHO TES" PERIOD

f-r e- 0O 91 10-1; 1is:--20

-r c ---- - ----
rP~ape Ia.H hWF - Au. 1F Raw tMV Ita..

LS 0 0O 0 0. 0 0 0 0

SL. 0 0 0 .0 a 0 0 0

tc 124 463 152 206 i8 11& 1 1

Mu 0 0 0 0 0 0 0 0

Total 124 .4613 12 296 IS 1i0 I I

10 niNUTES AFTER rcsr PEato0

0-5 I-to10 t10-I5 1-20
Trace --
ypo Ra&" MF R".. MV Ri. MV ItRa" uV

LS " 0 0 0 0 0 a I

SL 0 0 0 0 0 0 0 0

"C 110 410 124 233 142 170 0 0

Mu 0 a 0 0 0 0 0 a

Taotl It0 410 92A 233- 142 170 1 1

20-2s 26-30. 30-3m

R66 UP Raw UP RatW UP

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

0 0 a a 0 0

0 .a a 0 0 0

35--410 Tlotal

Ram. sw a ft... S
_A ----------

a
a 0 o a

0 0 a ITS w66

Ran" <metoroao

20-25L

0 0

0 0

0 0

a 0
02 0

25-30

Ra..m li

0 0

0 0

0' 0

0 0

0 0

30o-3

0 0

0 0

0 0.

0 0

0 0

I3--40 rotal

Rft. MV 8 Rai "F

0 0: a1
"0 01 0 0

0 0 " 376 8s3
o 02 0 0

0, 0 :- 37? 1-4

CHIt -SQUARE c14-sOnitr F-mar
F-HlAr 0-6 _S6O I0-1i 19-20 20-26 -5-30 30--; 39-40 FOR 2 rssr PERIODS

Rae. up Raw up RaIw MVF Raw MF Ras" If ita. 6" 6i.. MV Mir. A" 1 Rab ,
LS 0 0 0 0 0 a a a A 0 0 a 0 a 0 0 1 1 a
SL 0 0 0 0 a 0 a 0 0 a a 0 0 a a 0 : 0
tic It? 4A? 138 260 120 144 1 1 0 0 a 0 a 0 a 0 9 37F. 841
6M 0 G a 0 0 0 0 0 0 a 0 a 0 0 0 -1 0 a
rrAL 1&IT 43? 138 2:.0 120 144 A 1 0 0 0 a 0 0 0 0a1 "37i 804

CHI -SOURRE
UIAUES 0--5 -10 so-15 IS-** 20-Z3 29-30

Ram UF Rame Mi Ram 14F Ram ti Ram MF Ra M6.
LS .. .... .... .. 1.000 1.000 .. .... ..
st-
Mic 0.030 "t.218 2:. I414 9.I41L2 6I.0IDr I.;-asJ 1.O0;0 I .Z;oQ . ..

M - -- -- -- - -- -- - - . .. .

CIHI-SQUlARE -. 3-841 CdI.f..- 1. alphea -, GS)

I) MHumbir-s presented 4ire a minI...'. **ti...tloo for too% perto4z.

Raw MV

5-0 Cm -SaS&MRE VALUES
---- IFOR 2 reir PIZRsuDs

Raw UP I as" w

-- - 10.005 1.00..

kI



rabi.a 025. Indian roit" he..... toot moni~toring ustng GbHI2 deelf..
horizontal treaesdeuc~w located at unIt 3, tentako 5

ridal PhaseS 3 two birore Duratlon of Tost: 10 min hmrs rMS rest Dato* V*1353/l
I.am tde # Troet.ent fyspoS 10 so on. 20 s 0c off root Tines 2330- - --- --- - - --- -- -

T
T

L

S
H

r
'4

to nrlwrEs BEFORE TEST PERIOD

0-5 6-10 to-is
ra~ce
r* Ra. IP ta.. Ram t-

.5 0 0 0 0 O 0

L 0 a 0 0 0 A

0 Do 306 144 2al 1S0 216

sII 0 0 0 0 0

otal *a 306 144 2?1 10o 2as

RrAMS (meto..)p

19-20 20-26

Ran" UP Ram. Wi

0 0 4 3

a 0 a

Ta as 0 0

O a 0 0

72 66 4 3

25-30

Ram Mf

0 0O 0

a 0
O O

0 0

30-35

0 0

0 0

0 0

a 0
0 0

I
36-40 Total

Ram HF 9 Ram I.F

o 0m***4 3

0 0: 0 0r s0 0:Z 0 0

0
0 0 s 42 8

10 mInurTES ou018 TEST reason RAN= (meters),

T-a t-10 10-1- 20-25 29-36 30-3J 36-40

Two Rom MF RIt. s" Rah. S. RRa m Et1 OW R ~e. MI Ram S.F Rom1 SIP

LS 0 0 0 0 a a 0 0 0 6 0 a 0 0 0£
S

Sl. 0 0 a 0 0 0 0 0 0 0 a 0 a a 0:

Mc 110 410 165 310 172 206 a0 as 0 a 0 a a a 0 0: 2

U10 a 0 0 0 0 0 a a a 0 0 0 0 0 a a "

Total 1 " 410 165 310 Ara 206 a6 s 1 0 0 0 0 0 a 0 0 a

10 hINUTES AFTER TEST PERIO0 RE(.eters)

I1.

Total

0 0

0 0

0 0516 90?

O-S 5--1 10-1s 16-20 20-25 26-30 30-3- 35-40 TetkX
Trr-ce
TW*e Rae. S.F Rau AF Re" UF Raem F RWam SF Raed m MF ae F Ram HF I RaM UF

LS 0 00 2 0 a a 0 0 0: 2 2

S I. 0 0 0 0 0 a 0 0 O 0 0 0 0 0 0 0: 0 0

NC• 94 361 145; 213 136 162 50 521 0 0 0 0 0 a 08 * 4 030

MW a 0 a 0 0 0 0 a a 0 0 0 0 0 a 0 0 0

Total 94 351 145; 273 135 192 to 52 a 2 0 0 O 0 0 a 4a 434 640

CHI -SQUIRE NHI-SOIMRE F-sIIr
F-NiT 0-5 5--0 10-15. 1s-20 20-2S 25c30 30-35 35-40 FOR 3 TEST PEIsicNS

R&r. SF Re.. F Ram. 11P Ram MF Ram UF RAM 6.F Rau. ui? Ra . Z SRam &ir
LS 0 0 0 0 '0 0 0 a 2 2 0 0 0 0 0 a 8 2 2
SI. 0 0 0 a 0 0 0 0 0 0 0 0 a 0 a 0
NC 95 356 911 204 162 194 66 52 0 0 0 0 0 0 0 03 470 .OS
u" O 0 0 0 0 a 0 0 0 0 0 0 0 0 0 .a 0 a

TOTAL $9 3S its 284 .62 .194 66 59 2 2 0 0 0 a 0 0a 472 our

CH! -SQUARE
VALUES 0-5 5-to 10-15

Raeu F Ram HF Ram IF
LS .. -- -- .... ..
SL .. .... .... ..
Sic 5.156 17.330 2.661 5.401 0.11? 10.515

FOTrL S.15 17.330 2.86L 6.401 0.117 10.515

15-20 20-26

Ra. S.F Raes SI
-- - 4.000 1.500

1.576 2.506 -- 0

1.526 2.900 4.000 1.600

25-DORae.•0 30-35
RIe. HF

35-40 CHI -SQUARE VALUI+S
IFOR 3 TEST PERiM00

Ram MlF I Ram UF
.. ... 1 4.000 1.500

-- - 22.S17 43-076

- "- 22.18S 4L.526

CHI-SouLUE - 5.991 (d.f. - 2, alpha - .OS>

1) Hube-rs p.eseonted re a nminimn votlun&tLon for teot periods.



Table D26. Indian Point kesewer toot monitoring using 6@412 degree
horizontal tranfsdmcer lo~cated at unit 3p intake M5.

fsd4l Phasel 2.S hes before Duratio n rest: 110 swin. heir 31C roat Dbte! t2:130sS
...... t ... Trat.e .t ....: to s.C G.. ". cof .,f Toot VL.. 231.0

. .... . ... ... .... .... f.. s. . .... a.-:n-- - - -f ----
10 hI[UiwTS DURING TEST PERIOD

SWANZ <(ecte.s)

0-.5 9--0 to-is I-20 20-25
Trace - ------ ---------
ry" gtam W *a. UP Ra• °a tae UP Ran U?

LS a 0 0 0 0 0 0 a 0 0

SL 0 0 0 0 0 0 0 0 0 0

SIC 13 34? 166. 2S3 is& 1 229 4 41 0 0

UMI 0 0 0 a a 0 0 0 0 0

Total 93 34? 15 293 lei 229 4S 41 0 0

25-30.

a 0

o a

0 0

0 0

0 0

30-:35

eNo MV

0 0

0 0

0 0

0 0
0 0

a
3J--40 Total

Ram. up 2 RAmu MV

0 0: a 0

0 0: 0 0

0 0 405 910
0 0 : 0 0

-----------
a 0 Z 405 SID

10 "IZNUTES RFTER TEST PERIOD
R0OME Cteters>

Traco
ti~pe

LS

SL

HC

tot&&

O-S S-10 10-IS 15-20

Ram. MVF Ra. w Ra. WI Rit UP

0 0 0 a 0 0 a 0

0 0 0 0 a 0 0 0

as 317 160 316 182 ale 682 5

0 0 a a 0 • 0 0

aS 317 gas 316 s102 al e 2 62

20-2S

0 0

0 a
0 0

0 0

0 0

25-30

Ram OF

0 (0

0 0

0 a

0 0

o 0

30-35S

Ram wV

0 0

o 0

0 0

o a
a 0

a
35-40 Total

Ram* 14F I a au JIw

0 0 z 0 0

-0 01I 0 0

a 0 1 497 90?

0 0: 0 0
----------

0 a 1. 49? S0y

CHII -SQUARE CHI -SOUARE F-mtAr
F-SITR 0-5 9-10 to-is 1s-20 20-25 26-30 30-35. 35-40 FOR 2 TEST PERIODS

Raem MT Rau MF Ram UF Ra. OF Rae. MF Ram 1 Ra• UF Rae. "F I Ras *46
LS 0 0 0 0 0 0 0 0 0 a 0 0 0 0 0 o 2 0 0
SL 0 0 0 0 0 0 0 a 0 0 0 0 0 a 0 0 2 0 a
ac a9 332 112 308 10?f 224 54 49 0 0 0 0 0 0 0 0 1 49: gall
UiN 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
TOTAL. as 332 162 30s 18? 224 54 49 - 0 0 0 0 0 0 0 0: 491 909

CHI -SQUARE
umUERS a-S S-10 to-is 15-20 20-25

Ret "r Re" uF Ran "r Rae. 141 Rem MP
LS -- - ... .... .... .. -

C .. 0.340 1.355 0.444 0.061 0.21? 0.271 2.r0 1 2.-30
JM M.... -- -- --
TOTAL O.•o0 1.3SS 0.444 0.069 0.21? 0.21 " 2.701 .30 --.-

CIII-SOURRE - 5.*91 cd.f. - a. alpha- .as)

1) baue4bos premented are a winieuaq estLwati n fore test pealedS.

2S-30

Rom UP

RA --3O 36-40 CHI -SOUIJIRE VDALUES
:502 2 TEST P-NIOOS

Ram Sd? 9 Ran UP

.. ..- : 0.14? 0.005

- -- 0.147 0.005



Tabli D27. Indian Point haewer test soa•Lterln using Gu12 d ae*ir
hoiezontal transducor located at unit 3. inta• ,m.

Tidal Pthsse$ 4 hr. before
lou tide

Duration of Test: 10 gain. htows S263 rest Dates
Treabt•ent Typo: 0o sec on. 20 sec off Test Tinet

2.010.*86O2lS
i H H - D|I|q| • q~ll NglIIll m IIII II III~llp • llllll • III•IIP ------------ ~ h H

10 IINLUES BEFORE TEST PERIOD
RANGE <(meter)

O-S 9-10 10--S 16-20 20-2S 25-30 30-3s MS-40

Tvpe Rau VF Rau 2. V as" Raw M Rau U R Rae no S

LS 1 4 1 2 2 2 3 3 7 S 1 1 3 2 3 t5

SL a 0 0 a 0 0 1 1 0 a 0 0 0 0 0 0:

0C 0 0 1 2 1 1 a 0 2 2 0 0 0 0 0 0:

Uim 0 0 0 0 0 0 0 0 a 0 0 0 a 0 0 02

Total 1 4 2 4 3 3 4 4 7 1 1 3 a 3 12

10 MINUTES DURING TEST PERIO0
RIkNWO Ceweteis)

0-5 5ý 10 10-12 L5-20 20-2S 25-30 30-35 35-40Trac ,- -- --- --
Tqap ea&" MVF om. M a W RaIae MF Ra Ra,. MF Rae MF 8

LZ 0 0 z £ 4 5 9 a 2 11a a 6 2 s a2

SL 0 0 0 a 0 0 0 0 0 0 0 a 0 a 0 0:

NC 0 a 0 0 . 0 1 1 2 2 1 1 0 0 0 0-

mI 0 0 0 0 0 0 0 0 0 a 0 0 0 0 0 0a

Total 0 0 3 6 4 S to 2 K 4 12 a & 3 a 05

10 ]IINUTES AFTER TEST PERIOD
RANGEK (ueeters)0

0-11 5-10 10-15 162--0 20-25 25-30 30-35 35-40
Trace
T%"p Race 6w Rae. MV nao" 1W Raeu MV Rae. MV Rau. NV Ram. MV *as# 14F

LS 0 a 1 2 2 2 2 2 4 3 a 5 4 2 2 1

SL a a0 0 0 0 0 0 1 1 a 0 0 0 0 0

NC 2 r 1 2 0 0 0 0 a 0 0 0 4 2 1 0:

mu a a a 0 0 0 0 a 0 a 0 0 0 0 a 0:

Total 2 7 2 4 2 2 2 2 a 4 a S a 4 3 12

Total

RAM. &1

-21 20

1 1

4 5

0 0

as. 26

Total

v7 31

0 a

4 4

0 0

41 35

Total

Rae. 6K

23 1?
I A

0 0

32 2

CuI-SQUARE CHI -SOURRE F-HAT
F-HAT 0-5 5-10 10-15 1.-20 20-2S 25-30_ 30-35 35s-40 FOR 3 TEST RPEIOS

Ram IUP Ram iF 04Ra 1F Ram up •Rae N - Rau. F i404 a 1F RaM MV Rau e
L$ 0 I 2 3 3 3 S 4 5 3 r 4 4 2 2 1: 27 22
SL 0 0 0 a 0 a 0 0 0 a a 0 0 0 05- 1 1
NC • 2 1 1 0 a a 0 1 1 0 0 1 1 0 02 5 7
mm a 0 . a 0 0 a 0 0 0 0 0 0 "0 a 0: 0 0

OTArL 1 4 2 $ 3 3. £ £ 6 5 7 6 4 3 2 1: 33 30

con -SQUARE
VALUES 0-5 5-10 10&*-1s l-2 20-5s 25-30 30-31

Rabe MV Ra MF Raeu . i Re MVF Ea04 sV Ram N Ram. MF
LS -- 12.000 0.D0o 4.ssr 0.000 2.000 4.000 &.250 0.0000 *.64" 6r.71 6.56 2.260 1.600
SL - - - - - - --- -- -- -- -- -- -C 2-.000 17.500 0.000 4.000 . .. 4... 4.000 0- --- .;00 2.000lIes .. . .. .. . ...- - -- - - --- . -.... ..

TOTAL 2.000 9.250 1.600 -0.400 0.6'r 2."7 8.000 'S.200 2.-33 1.200 8.esr 4.o0o 1.s147 0.66?

a41-SOLIRE - 5.991 Cd.f. -2. alpha - .000

39-410 CNI -SOMUMR VALUIES
I- FOR 3 TESr PCRIOM0

Raem MF I Ra&& MF
1.000 0.000 z s.63"•0 .oo

t- -- 0.000 0.600
-- - :3.200 3.141

2.500 0.000 oo 3.,tS 1.400



Table 020. Indian Point have~ toot nitorilng using GH1e dowree
horizcntal transducer located at urnit 39 Intake 36.

Tidal Phies 3.6 hro, bewfre
10* tide

Duratlon of Trnt: 10 otn. t, 1 ,263 Test Dates
treatment ry": sO .ec on, 30 see art Test Times

" &two@
0215

safl
10 "INURTES DURING TEST PERIOD

RANGE cnoetweso

T0-5 --- 10 10-15 IS-20 20-25 26-30 - 30 -35 3S--40Trace - - ---

T•po Raw UP Rno" Raeu UP Rom UPF Rae. MP Roe UF Raoe U Rm"

LS a 0 4 a 0 11 13 12 4 3 30 1i 3 a a -I 2
SI 0 0 0 a a a 0 0 -0 0 0 0 0 0 0 0 :

1C a 4 a a 4 5 7 6 4 3 2 1 1 I 0 02
I

1M 0 0 0 0 a a 0 0 0 0 a 0 0 0 a a a
8

Total 1 4 5 so 13 IS n0 50 & 6 32 19 4 2 a I

tO nINUTreS AblER TEST rP2r500

0-5 5- 10 to-is 55-20 20-25 25-30 30-33 36-40
Trace ______
Tp. Ram UF Rao. UP Rou UF Rom UF *Am UP P MFe Ut Rame Ur Ro. UF I

LS 1 4 13 12 14 12 11 1 7 ta 7 4 a 0a 0 2

SL. 0 0 0 0 0 0 0 0 0 0 0 0 0 a as

Nc 1 4 0 0 2 a a 2! 2 2 1 1 1 1 0

UM0 0 0 a 0 0 0 0 0 0 0 0 0 0:

Total 2 a ? 13 14 16 14 13 11 9 14 8 6 3 1 0:

Total
Rosa INl

£5 SE

0 0

20 22

0 0

49 7?

Total

ROke Uf

5? So

a 0

11 12

0 0

60 70

CHI -SQUARE - -SQUARE F-4oT
F-HAT 0-6 S6-10 10-iS L5-20 20-25 2S-30 30-36 35-40 FOR 2 TEST PM*XOI(

Rae. UP Ram. 16 Rae" UP RAM. UP Ram. UP Rame UP Ram. UP Ram. UP I Roeim UP
LS 1 2 £ 1t LI 13 13 12 V 5 21 13 4 2 1 15 a 1 5?
SL 0 0 0 0 0 0 a 0 0 0 0 0 0 0 0 a 3 0 0
NC 1 4 1 1 3 4 5 4 3 3 2 1 5 1 1 0: 1s 1?

0m 0 0 a 0 0 O0 0 0 0 0 0 a 0 aO a 0
TOTAL 2 6 6 12 14 is 1? is t0 a 23 14 S 3 a I 5 T 74

CH4 -SQUAW
WIALULS 0- 5-s10 10-IS 15-20 20-29. 91-30 30-3- 3--40 C O--SOM•[ Wi-UES

_ - - - 2 TEST PERIOM
RAA& UP Rae. UP Ram. UP 2Ros U Rose MP Rae UP Rose UP ftosA UP t Roel UP

LS 1.000 4.000 0.011 1.190 0.420 0.360 0.040 0.042 1.923 1.600 o.?14 4.040 O.143 0.000 2.000 1.000 1 0.62 .4-M0
54. - - -- - - - - - -- -- - -- -- -- -- -- I - -
NC O.000 0.000 1.000 2.000 0.0I? 5.*" 2.786 2.000 O.0T 0.2O0 0.O00 0.000 O.000 0.000 .000 -- .613 a.641

TOTAL 0.333 1.333 0.333 0.331 0.03 0.000 1.OSl 0.G00 0.404 O.600 7.043 4.401 a. 1 0o.0o0 o.3733 1000 2 1.009 0.533

CHM-SaUARE - 3.042 (d.f. - 1. alpla - . 063



Table D29. lndlar Potnt hammer test monito"M useng So12 d.Lr.*
horotal trandu~er tocatod at •t 3, Intake5

Tidal Phases 3 hre befoe
to" tidw

Duration of rest: 10 "o-. hrws 1.263 Test Oat.e
Tresatent Type= 10 ec ono 40 Sec off Test TIN0.

2/13000235

20 nIINUTES CURINRG TEST P5*200

Trace
Tvpw Ram UF
LSO
SL 0 0
SI. 0 0

Usa o 0TNta C 0

5-10 I0-1!-5

Rau MT Ram UF

2 4 1 1

0 a a a

1 2 1 1

1 2 0 0
a 0 2 a

15--20

Ra&& UTM

2 2

1 1
1 1

0 a

4 ,4

20-25

Ram MT

4 3

0 0
0 0

1 1

S ,4

25-30

I I0 0

10 6

30-3s 35s-40 Total

Ro• UT RWe4 SF 2 Ee Mi
- - 2S 3 : 3 1 21, Ii,

0 0 0 0a 1
*1 1 1 01 6 6I

0 4 5 1 S 36 29

20 MI NUTES AFTER TEST PERIOD

0-9 S-10 go-isTra.e -

,rp. Ra a ItMT Ram &I Ram T

LS 0 0 a 4 3 4

OL 0 0 0 a 01 0

Mc 0 0 1 2 1 1

0 a 0 a a 0

rTt-al 0 a 3 a 4 s

RANGE Custeras)

15-20 2 0-26

Raws MT Ram UT
10 .1 6 5
to a 90 a 0 a

0 0 3 2

0 0 1 1

10 S in a

2S-30

10 6,.

0 0

t 1
1 1

12 0

30-39 3--40 Total
amm M4F RASe4 u, I 9 no i u.Nir

2 1 1 1 36 -30

0 0 0 *0 S 0 a

0 0 1 OS 2 r .

0 .0 a 0 2 2

. 1 4 1 a 4S 3D

CM--SM~AUM CHI -SOUnmE F-Hfr
F-HIT 0-6 -- 10 10-15 15-20 20-29 25-30 3M-3w 35-•40 FOR 2 TST P11"zos

Rau UP Eaw MTF ItEw U RAM UP Ram ST REw MT Ram up Raw4 r Ro I Ew U
LS 0 0 2 4 2 3 6 6 6 4 10 6 4 2 3 1 31 25
SL 0 0 0 0 a 0 1 1 0 0 0 a 0 0 0 0 a 1
NC 0 0 1 2 1 1 1 1 2 1 1 1 1 1l 1 0:
6, 0 0 1 1 0 0 G 0 I I 1 1 0 1 0: 3 3
TTAL 0 0 4 T 3 4 % 7 6 6 11 7 4 3 5 t 41 34

ViLLJES 0-- 6-1o 10-15 IS-20 20-25 2S-30 30-3S 35-40 CHI -S0U5M0 UALLUES
- ---- - -F-- 2 TEST PERIODS

Ewe4 MF Rae 1F Rau SW Raw UT Aw lI Rau Ui RaEw UP Ewe LWF -" E HF
L1 - -- 0.000 0.000 1.000 1.800 5.333 .4.4" 0.400 0.500 0.053 0.-01 1.286 1.000 0.000 0.000 1.611 2.46S
SL -- -- -- -- 1.000 1.000 - -- -- -- -- :1.000 1.000
Hme 0.000 0.000 0.000 0.000 1.000 1.000 3.000 2.000 0.000 0.000 1.000 1.00) 0.000 0-0.0?7 0.600
uM - -- 1.000 2.000 ... . .. .. 0.000 0.000 1.000 1.000 .. .. 1.000 -- , 0.200 0.O00
TGTAL .. .. 0.143 0.202 O.66? a.206 2.571 1.7123 1.6:7 1.333 0.102 0.206 2*.20 1.600 0.111 0.000 i 1.000 1.:00

CIII-SQU•RE - 3.941 Cd.f. - 1. alpha - .05)



rabio 010o. Indian Point hammer test monitoring UsI• ll dewre.
horizontal transck~or located at unit 30 intake a.,

Tidal Phae;. 2.5 hrs before
.l01 tide

Duration of hests 10 wna hoes 1.260 Test" Datet
Treatment rWp.1 20 soc on. 20 soc off rest Tiwat

2/1S00104
0255

20 nluNuris 01*1no TESr PERIoa R0• It40oE Cueters)

0-S
rrac. - :-

TEta se M V

LS 0 0

SL 0 0

NC 2

us 0 0

Tetal 2 7

5-10 10-15
It.u 1W Rau 1

1 2 10 12

a a a 0

2 4 3 4
0 0 0 0

4 0t 13 16

15-20

7 a

a 0

2 a
0 a

0 a

20-M2

Ro SW

0 0

2 2

1 .1

9) 0

25-30

as 9
0 0

3 2

0 0

to 11

30-33I

4 2

0 0

1 1

5• 3

39-40 Total

w.M I it. Mr

I a 2 44 36

0 s 1 2
S

o 0 1 15 22

a a 2 1 a

1 0 2 61 &1

30 INUMTES AFTEA VEST PERIOD
RANG0E (meters)

0-5
Troip. EaeMT•e Rem UF

Li 0 0

SL 0 0

NC 1 4

Mus0 0

ratA1 1 4

K- 1010-IS 15-20 20-RS

Ma" MV Eas UF Ram lI Ram. W

0 0 D 4 4 4 r 6
0 0 1 1 2 0 0 0 0

1 2 * 1 1 1 0O- 0

0 a 0 0 0 0 0 0

1 2 S S 5 E 7 5

25-30

Rae. MV
6 4

0 a

0 0
0 0

6 4

30-35S

Rau* MF

3

a 0
0 0

0 0

3 2

35-40 Total

Ram& MV Raw4 MV

a 1 2 5 20,1

0 a0 2 1

0 01 4 • a

0 0 Z 0 0'U
22 0 2

CU][--S4AW" CH3[ -•E40UFWJ F-tMltr
FV40r 0-5 9-10 10-15 135-20 20-26 26-30 30-3- 38-40 FOR a TEST PS*2OM0

now MVF REam S Rre MV am" w Raw MV Ra i MF Rid M1F Rem WF 2 Ram WV
LO a a I I a 6 5 7 5 11 7 4 2 2 I1 35 20
SL -0 0 1 1 1 1 0 0 0 a 0 0 0 0 0 0a 1 2
NC 2 a 2 3 2 3 2 2 1 1 2 1 1 1 0 a a 10 is
Me a 0 0 a 0 0 0 0 & 1 0 0 a 0 0 0 1 a 1
MrAL 2 6 4 3 9 9 11 T 7 a r 12 a 4 3 a 1 46 4S

UNAMf S 0-5 3-10 10-15 115-20 20-25 53 30-SS 36-60 CHI-SOINME VALMUES
--- __;+--- - 0 2 TEST PasovsW

Ra&" SW Me" WV RI. USW' am. MVF Rma W am. MV Ram K im W F -Raw Mr
LS - - 1.000 2.000 3.76S 4.000 0.010 0.400 0.077 0.000 3.9ST 1.S23 0.143 0.000 0.333 1.000 1 5.232 4.-71
SL -- - 1.000 2.000 1.000 1.000 -- -- - - - - -- - - -- a 0.000 0.533
HC 0.333 0.010 0.333 0."6? 1.000 1.000 0.333 0.335 a.000 2.000 3.000 2.000 1.000 1.000 - -- 2 .360 6.133
Us -- -- - - - -- -- -- 1.000 1.000 -- -.. - .. 1.000 I.o00
Firm 0.333 0.610 1.900 3.600 3.55 4.545 1.14I 0.692 0.2so 0.692 S.000 3.267 0.500 0.200 0.333 1.000 21W0."0 11.514

CHI-S;UnAW - 3.041 Cd.f. - 1. alpha - .05)



Table 031. Indian Point hanwner test monitoring using 6ii12 d*Vr.
horizontal tra,,sducor locatod at samit 39 Intake as..

Tid61 PModel 2 hw before
0low4 tide -

Oiration of Test: 10 vin, wa 1,263 rest Data:
Trostmefht r~pa,: 20 sac on. 3a sec ofr rest rinsm

$ 0/1o0315;

iO nitUrIs DUImo ye51r PiIhUo
RANGE <m*terv3

T0-- S-10 10-s15 S-20 20-2S 2S-30 30-3• 39-410
TraceF Ms%-z;- a----- ------Tgpe Ra 1W Ra liP Ra lip Roa &P Roam W Rama P 2au&w uP&Aw 1W 3

LS 0 a 0 0 3 4 3 3 5 4 12 r * 1 0I
S. 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0

HC 4 1 2 2 a 3 3 2 a 4 2 0 a 0 0:I

MM 0 0 1 2 0 a 0 0 0 0 0 0. 0 0 0 0a Z

Total 1 4 2 4 6 7 7 7 6 1r 7 7 1 1 0 a

10 mINUrES AFTER TEST PERIOD
MANSE Cloters)'

O--S -10 10-IS 15-20 20-25 25-30 30-33 25-40
Trace
ypo Raws 2aw P Raw &W Ram 64F Rom Ul *aw l" Raw SP Rawa U" C

LS 0 0 2 4 4 5 6 a r 7 4 4 a 3 2-:
SL. 0 0 0 0 a 0 0 a 0 0 a 0 0 0 0 0

NC 0 a 1 2 3 4 1 1 2 2 2 1 0 0 0 0 a

um 0 a 0 0 1 1 i 1 0 I 0 0 a a 0 0 2

Total 0 a 3 a a 10 a ' 11 S 9 5 4 I 3 II

26 1i

a 2

13 1"

42 30

Total.

Raw4 li

0 0

51 10

2 2

.46 40

S1--UIIIuam ia0 -SCMJsAR F--ATP-HAT O-1 0'S 3--0 20--~25 26-30 30-39 35--40 F OR 2 TEST PERtOUS
Raw 141 Ra U Raw up Raw up7 Raw UFr Raw Ui Rom MP Raw m1., - Ra64 U

LS 0 0 1 2 4 5 6 4 7 6 10 6 3 2 1: Si 24
C 0 0 0 0 1 1 1 1 0 0 0 0 O 0 0 1um 1 2 1 2 3 3 2 2 2 2 3 2 0 0 0 0 as 13

0 0 1 1 £ £ 1 1 0 0 0 0 0 0 0 0: 2 2TOTAL 1 2 3 5 7. 9 0 7 9 U 13 7 3 2 2 a: 44 39

CHI -SOUPAR
URLUES 0-5 5- 10 10-IS 1S-20 20-25 2S-30 30-35 35-40 CHI -SQUARE UALUES

Ra - - ----- - - :FOR 2 TEST PERIOin
Raw lP Raw OAF Raw UP Raw UP Raw UP Raw 6P Rawa IP Raw lip 3 Raw wiLS . . 2.000 4.000 0.143 0.111 S1.000 *.SO0 1.143 0.010 1.3!,16 0.018 0."5? 0.333 1.000 1.000 -- 1 .328 1.i23

SL -...- - 1.000 1.000 1.000 1.00 -- -- -- -- .. . .. 2.000 2.300
"C 1.000. 4.000 0.000 0.000 0.200 0.66? 1.000 1.D00 0.000 0.000 0.66? 0.333 C- lO.- . .. 0.72? 1.600
1um1 -- -- 1.000 2.000 1.000 1.000 1.000 1.000 -- -.. . . .. .. .. .. .. 2 0.33 0.l00
TOTAL" . 1.000 4.000 0.200 0. 4, 0.206 0.621b 0.067 0.001 0.m040 0.6,00 1.960 1.143 0.+66 0.3i 1.000 1.000 , 0.182 OaSl

CH-E-SUARE - 3.641 Cd=f. - 1. alpha - .05)



Table 032. Indian Point hAempr toot wonitarit using S"la degree
horizoetal transducer located at unit 3p intake 35.

Tidal Moes: 30 "in afte
high tido

Duration of rest: 10 "in, hSre 1,263 Test Data: "I""0
Treatf4nat Type: 20 sec on. 4 soc off rost rime: i1s5

10 NINUIES BEFORE TEST PERIOD
RAeeN <"aeteo"s

O-s S-10 10-15 15-20 20-25 29-30 30-3S W6-40 Total

Tq~ji Rae. HF Raw MV Rau. SW3m R.a W Rau MF Rau Mt nao Mt Rau 1f 9 3M' w"

LS 0 0 1 2 0 0 a a a 0 0 1 1 0 0: -3 4

SL 0 0 0 0 a 0 a 0 a 0 0 a 0 0 02: 1 a

we 2 7 2 4 0 a 0 a a 0 0 0 0 0 0: 4 S1I
MU 0 0 0 a a a 0 0 a a 0 0 0 0 0 0a a 0

Total 2 7 3 a 0 a 1 0 0 0 0 3 a 2 aG

x0 nINUTES DURING TEST' PEIODR

0-6 5-10 101I5- 16-20 20-25 2S-30 30-3S 35-40 Total
Trace - ----
Twop fm. UP Rau. SW RAW. OF Rae. MV Rau. IS Rau. MV Raw MV Ram. "F 6 m w

LS 0 0 3 6 0 0 0 0 1 1 1 1 0 0 0 02 5 0

SL 1 4 0 0 0 0 0 0 1 1 O 0 0 0 a a: 2 5

WC 1 4 0 0 1 1 0 0 1 1 0 0 * a O 0 4"

Um 0 0 I 2 0 a 0 a 0 0 0 0 0 0 0 O 1 2

Total 2 a 4 0 1 1 0 a 3 3 1 1 1 1 0 02 12 22

10 "1 MUIrES lFTER TEST PEWiQOO

0-6 S-10 1.0-15 15-20 202- 25-30 0.3S 3p-10 TotalT r au o e R A M U R-aType 3m.N, SW Rae. F Rae.o 1W Rae.4 SWl Rae W -e4•RM11 Rae.M m.S m S I 3m. i.F

SL 0 0

0 0

Total 0 0

0 0

1 2

2 2

0 a
0 0

I I

0 0 a 2 1 1 $ a 0 02 r. .
I

0 0 0 0 0 0 a a 0 02 0 0

o a 0 0 0 0 a 0 0 A 2

0 a 1 1 0 0 0 a 0 0 a a

0 0 3 3 1 1 1 1 0 0 3 9 20

CHMI-0sERmE O-m*T
1--20 25-30 30--5 35--O FOR 3 T03T PfRI 0S

3am M Ram. 1w Re.4 MF Ra.m MV Rae. V M4 3m. IFO a 1 a 1 1 1 1 a- o 5 6
0 0 0 0 0 0 a 0 0 0: 1
0 0 a 0 0 0 0 0 0: 0
0 0 0 a 0 0 a a 0 a: 1 1a 0 2 2 1 1 2 1 0 0a 10 16

F-HAT 0-5 6-10 10-15

Rau MF tm. MV RaI MF
LS a 0 1 3 1 1
SL 0 1 0 0 a 0
he 1 4 1 2 0 0
1IM a 0 0 1 0 0
TOTAL 1 5 3 S: 1 I

CNI--.•7•AvRICal -sooli-t s-g1
UWL*JES 0-6 5-10 10-15.

am MVF Ram' F Rae. MF
LS - - 6.000 S.133 2.000 2.000
SL -- 12.000 -- -3 - --
HC 2.000 5.250 2.000 4.000 .. .
1m - -- -- 2.000 - -
TOTAL . 4.0010 7.600 O.6? 4.000 6.000 6.000

15w-20, 20-25 25-30 30-39

Rae MV 3m. 1WF Rau. ISV 3. UP
-- -- "2.000 2.000 0.000 0.000 0.000 0.000

- - 3.000 2.000' 0.000 0.000 O.S00 2.000

*135-40 CHI -SmIRRE UmLUJS
:FOR 3 TEST PERIOI15

-- --- 2 0.000 1.533
- -- 0 4.000 7.00

- -- : 2.006 4.25?
- -- 2 2.000 4.000

a -- 0.400 4.1FG

CH--SOUAiRE - s.9s (d.f. - 2. &%ph& - .05>)



Table 033. Indian Point hamior teot monitoring using 612 door**
horizontalj transducer located at unit 3. intake 3..

Tidal Mesas I Ow after Duratlo" of Test: 10 tn. htwws 1,263 Test Datea
Treaotent Tuoe: 30 soc on. 20 soc off Test Time:

2# 10,016
1219

10 KhINUMrS WURING TEST PERIOD
ARoom Cueters)

0--S 9-10 10-15 Its-to 20-25 25-30 30-35 35-40

Tupe Ra&u SW Rau UF Rau UP R. NR F I Rau U Re"l UP Ram UP Rau UMF

LS 0 0 2 4 0 0 a a a 0 0 0 0 0 0 0 Z

SL 0 a 0 0 0 a 0 0 0 a 0 0 a 0 0 0:

NC 2 7 1 2 2 2 0 a I a 0 0 1 1 1 0a

Mil 0 0 .0 a 0 0 0 0 1 0 0 1 a a I a

Total 2 7 3 6 2 2 0 0 2 2 a 0 2 2 1 03

10 I MUTES AITER TEST PERIOD IANGE (cavtaers

0-5 5-10 to-is 15-20 20-2% 25-30 30-93-40Trace ----- - _____- - - -

T'*jp. Ram UF Ra, U F Rau W Rau UP Ran 6w Rasa UP *aim U4 Re"u MW 3

LS 2 7 0 0 2 2 0 0 1 2 1 1 1 1 0 0:

SL 0 0 I a 0 0 1 a 0 0 0 0 01

NC 1 4 2 4 1 1 0 a 0 0 0 0 a 0 0 0t

uu 0 0 0 1 1 1 1 0 0 2 1 a 0 0 0:

Total 3 11 3 6 4 4 1 1 2 2 3 "2 2 1 0 0 a

Total

Ram II

2 4
0 0

S 3

2 2

12 2Id

Total

r 12

2 3

4 9

4 3

I? 23

CKI -SQUARE CHI-SOURM I-it
F-Har 0-3 5-10 to-Is9 15-20 20-29 25-30 30-35 3--40 FOR 2 TEST PERIODS

Ramd UP New UP Ran" UP Ra UP Ran0 UP Ran" UP Ran" U Rane W I Ran UP
LS I 4 2 a I 1 0 0 1 I I I I I a a 1 6 0
SL 0 0 1 1 0 0 0 0 1 1 0 0 0 0 0 0x 1 2
NC 2 6 2 3 2 2 0 0 1 1 0 a I I I a : G 11
Mu a a 0 0 1 1 1 " 1 1 1 1. a 1 0 0 3 3
TOTAL 3 9 3 6 3 3 1 1 2 2 2 1 2 2 1 0 is 23

CHI--SQUWAE
URLUES 0-5 5-10 10-15 15-20 20-25 25-30 30-35s 39-40 CHI -SMIARE UALUES

-- ORn 2 TiST P5R0on
Ran UP Re" Lw- Rn &WP Ran bP Ranw UP Ran UP Nab@ U Raml UP I RAM UP

LS 2.000 7.000 2.000 4.000 8.00 2.000 21.000 .a00m 1.000 1.000 1.000 1.000 1- - 2.7r1 4.300
SL- -- -- 1.000 2;000 - -- -1.000 1.00 . -- -- -- - -- 2.000 3.800
Pic 0.333 0.810 0.333 0.66i7 0.333 0.333 -0- 2.000 1.000 - 1.000 1.000 1.000 - 3 1.3)13 0.FZ7
UI3 -- -- - -- 1.000 1.000 1.000 1.000 1.000 1.on0 2.000 1.000 1.000 1.000 -- a- I O."? 0.100
TOTAL 0.200 0.00 .0.000 0.000. 0.667 O.667 1.000 1.000 0.000 0.000 3.000 2.000 0.333 0..33 1.000 - 3 0.O62 1.si1

CHZ-SOLAMU - 3.841 Cd.f. 1- . alpha - .05)



Table 034. Indian Point hamaqa test no•itoertin .•ing Gm12 dwree
horlzontal transducer located at it 3. Intake 3*.

Tidal Phase$ 1.6 two afterh1oh tide Duration of rests 10 win eros 1.2&3 rest DotesIreab~eent T~jo.: 30 usc on. 30 sac olff rest TI...:

s0 lINUTES CURING TES! PERIO.
ER/NOS (uetera)

0-6 s- i i0-15 16-20 20-25 25-30 30-36 36-40 TotalTrakce ----
Timpe Rit. MR e". 117 Rma mI I. MU a& RAM 1 RAMS UMF M RaR Mw W R&44 Mr

LS C a 0 a 1 1 2 2 1 1 2 1 L 0 0a a 6

SL a 0 0 a 0 0 1 1 0 a 0 a 0 0 a 0 1 1

HC 0 0 C a a a 0 0 0 C a 0 a I I 2
5

mm 0 0 0 a 0 0 0 0 I I 0 0 0 a 0 0 - 1

Total a 0 0 0 1 1 3 3 2 2 2 1 2 2 1 0 a 1 i

10 INUTIS •lFTCE TEST PE0oo

4_6 O t-o W-15 IS--c go-as 26--0 30-36 35-40 Total
Trace ---

Ba.. MVt B.,. MV" B..4 M Ru M R06R "I ia.. UF Rt. M Ia, M I A&" W

LS 0 0 2 4 ai a 0 a 0 0 0 a 0 3 5
SiL 0 0 0 0 0 a 0 a a 0 0 0 0 a a .0 0 0I
1C 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 3 4 3I
lm 0 0 0 0 0 0 a1 a_ C 0 0 0 0 01 i a

Total 0 0 2 4 1 1 1 1 2 2 2 1 0 0 0 09 B 0

CU -SOWORE CHI -SGUME F-NOT
F-HAl 0-S 6-10 to-is 1;-20 20-25 25-30 20-2s 36-40 FOR 2 TEST PE62:OOS

R&A4 bw BRa. M Rau. UV Rau. MV Re". MV Rasa SW' Boo MV Ram. 6w Bau MV
LS 0 0 1 2 1 1 1 1 1 1 1 1 1 1 0 a = 6
SL 0 0 C 0 0 a 1 1 0 a 0 0 0 a a 0 a 1
eC C 0 a 0 a 0 1 1 1 1 1 1 1 1 0 1 3 2

"a 0 0 0 0 0 0 0 0 1 1. 0 0 0 0 0 0: 1 I
TOTAL 0 0 1 2 1 1 2 2 a 2 2 1 1 1 1 0$ 10 s

CHI -SOUNEN.I
UVLUiS 0-5 6-90 10-15 is-so 20-2S 2--30 30-36 36S-440 CwI-SIMfE UVLUES

----- 57Oa 2 TEST PERzODS
Ream M Ram. UV Rao. R147 am WV Re,. SW R4. 6 Re.m UF Ram MV a 1814M

LS -- - 2.000 4.000 0.000 0.000 2.000 2.000 1.000 1.000 2.000 1.000 1.000 1.000 2- -- 1 1.60 06.01
SL . .. ...- - 1.000 1.000 -. . .. .. .. . . 11.I00 1.0W a
4C . .. .. .---. 1.000 I.000 1.000 1.000 2.000 &.O00 1.000 1.000 1.000 -- & .l"a 100

MUR 0.000 0.000 9- -. . .. . . 20O.6O0 C.O009
TGTAL .. .. 2.0200 4.00 0.000 0.000 1.000 1.000 O.O00 0.000 0.OO0 0.000 2.000 2.000 1.000 - 2 0.4F4 CA.00

CIHI-SOURE . 3.841 (d.f. A 1. alpe•ba .Oa)



ra~bLO 036- Indian Point ham,..- test msonitortng using "1.2 dL~
horixontal transdujcer located at unit 3. intake 3

ride& Phase is hras before Duration of Test: 10 eelnn we-s 3&5 Test Dates
1o.4 tide Treatoent TV"p: 10 sac on. 30 sac off Test rime:

2/,10/S
1620

z0 NIUTES BEFORE TEST PERIOD
RNG<moeters)

T 0-5 5-10 - - 10-16 I-20 20-2S 25-30 30--3 3S-40Tr-ac. . ....-- -
T1jp* Raw. MF Rau M, Rau W, Rau MF Rasa MIF Rt4a hF Ra. MF Raeu MVF S

LS 0 0 1 2 6 7 1 .1 4 3 9 3 L 1 $

SL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0a

NC 0 0 1 2 1 1 4 4 0 0 2 1 0 0 0 0

Lu 0 .0 .0 0 0 0 0. 0 0 0 0 0 0 0 0 0:

Total 0 a 2 4 r a 5 6 4 3 7 4 1 1 2 I -

10 mNUTES DURING TEST PERIOD
itme[o Cwetwrs)

0-- S-0 10-15 35-20 20-25 25-30 30-3s 35-40Trac -- -- - --
Tyjpe Rau V Raui MV Rae. 1V Rau U Rak4 W tae MF Rau MV Rae MV 8

LS 0 0 0 0 1 1 6 5 6 4 2 1 2 1 2 1:

61. 0 0 0 a 0 0 0 0 1 1 0 0 0 0 0 0a

KC 2 ? 1 2 0 0 1 1 0 0 0 0 0 0 a 0 -

aIM 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -0 01

Total .2 7 1 2 1 1 7 6 6 6 2 1 2 2 a 1 I
10 MINUTES RFTER TEST P6ri[on

RSANGE 4moters)-

0- 6--10 10--I0 15-20 20-25 25-30 30-2s 35-140
T r Af- --e e M V a aTU~PO IRam MF Raba upF stow, WI Rom lIF i4ta UF No"4, I1r Rau UF IRu 6W a

Total

Ram. M1
• .. 23 10

* 0

S B13

4 10

23 24

Total

Rae. - o
LS 0 a 11. 2 2 2. 3 3 1 1 3 2 4 2 2 1 _ 11 13

SL 0 a 0 0 I a a 0 0 a 0 a 0 0 0 a S 1 1
HC e 0 0 0 1 1 0 0 0 0 0 0 1 a 1 0. 3 2

MM 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 2 2a

Total 0 0 1 2 4 4 3 3 2 2 4 3 6 3 3 12 22 18

CIII -SQUAtE CHII -SU tE F-ft"'r
F-HAT 0-S 6-10 10-15 15-20 20-25 2s-30 30-3M 3S--40 FOR 3 TEST PEIo)ms

Ram. MV Rau. MV Rau. MY Rauj MV Ram. MV Rau. 14 Ram. MV Ron4 MV Ram MVLS 0 0 1 1 3 3 3 3 3 3 .3 2 2 1 2 1 1b 15
SL 0 0 0 0 a 0 0 0 0 a 0 a a 0 0 0: 1 1
NC 1 2 1 1 1 1 2 2 0 0 1 0 0 0 0 O 5 ?
4u 0 0 0a 0 0 0 0 0 0 0 0 0 a 0 0 01 1 1
TOTRL 1 2 1 3 4 4 S S 4 3 .4 3 3 2 2 1 24 22

CHI -SQUARE
•ALUES 0- S--10 10-15s 1-20 20-25 2!;-40 30-36 36-40 CI1 -ShtUAME MLUIMS

- -- - - --- FO0 3 TEST PE1I1ODS
Rae4 aV Rae MV Rae. MV Rae. 16 as". w * V Rae. MV Rae. MW Rae. M : Raw LFLS .0000 4.000 4.66? 6.000 6.S31 2.6"r 4.000 0.667 2.667 1.000 3.600 2.000 0.000 0.000 9 0.444 0O I.SL. -- -- -- - - 0 . . .0

MC 2.000 I7.500 0.000 4.000 0.000 0.000 3.500 .600 - --- 2000 ER a 2.0 4.000mm -- -- ...-- -- . .-- -- -- -- -- 2.003 2.000
TOTAL 2.000 17.500 2.000 0.000 4.SO0 T.290 1.600 0.000 2.000 2.467? 4.20 0.6"6 2-000 0.600 1-.00 0.000 Z 1.87; 3-.36"

C0--SaUSlE - 6.9s1 Cd.f. - 2, alpha - .0S)



Table 036. Indian Point hemmger teot mmointortn ustng ,s.t degrow
horizontal transducer located at emkt 3. intake 3E.

Tid4l Phase. 1.5 hr. before
tolo ttdo

Oureation 4 Taut'. 10 "in. hqrs 366 Test oatet 80I14O
Treatment Tqjo.e .10 sec on. a sac- off Test Tine: 1640

10 IIINUTES DuRIn0 rEsr PEniOD

O-5
Trace
Fr4TjPe no"

LS 0 0

SL. 0 0

KC 0 a

-mm 0 0

Rau bV

1 2

0 0

0 0

0 a

10-15 15-20

Ram UF Rau mV A
1 1 3 3

0 0 0 0

O a a 0

a a I I

(meters)

20--25 25-0 30- 30-40 Total

&"n BV Ram 6w Raw SP Eame WP a Raw 61F

2 2 1 -2 1 2 I 113
0 0 0 0 0 0 0 0 a 0 0

0 0 1 1 a 0 a 0 2 1

0 0 a 0 a a- 0 0 I

Tota~ l 0 1 2 a 1 4 4 2 2 2 2 2 a 2 13

10 MnUTES AFTER TEST PERIMO

0-5 S-10 10-1S 15-20 20-26 26-30 30-3S 3S-40
Trace ---- - - - ______---
TSPO *a" UP Rtw MVF Ram WP Ramt V Ka" UI Ram SW Ron MV Rau UF a

3
LS 0 0 0 0 3- 4 6 6 4 3 3 2 3. 2 3 1 3

Si. 0 .0 0 0 0 0 a 0 0 0 1 a 0 0 0 "0

PC 0. 0 1 2 .0 0 0 0. 1 A a 0 1 0 a :

MU 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 03

Tetal 0 0 1 2 3 4 6 5 5 4 4 3 4 3 1i

14 13

Total

22 IT

I. a

3 .4

a -0

V& 22

CMu -SQUARE aU-TAmIAE F-HAT
F-HAT O-S 6-10 10-11 " IS-"0 2O-25 2!-30 30-39 39-40 FOR 2 TEST Paul nOS

Ron MUF Eon b Rao UP Eau IP V e R idM A ur Row MF Ron UPF I emo U
LS 0 a 1 1 2 3 6 4 3 3 2 2 3 2 3 1 9 17 1.4
S 0 a a a 0 0 0 0 a 0 I I 0 0 0 0 1 1 I
NC 0 0 1 1 a a 0 0 1 ! 1 1 1 1 a 0 2 3
mu 0 0 a a a 0 1 0 0 a 0 0 0 0 03 1 I
TOTAL 0 0 1 2 a . 2 3 9 5 4 3 3 3 3 2 3 13 20 18

CU11 --SOIE
UNLUES . -5 So-10 10-19 13-20 20-23 '26-30 30-!%S 35-40 CMI-Sseu IMLUEs- --- .-- 39C 2 TEST IPERIODS

Ram UP Ron- UP R&" UP RAM. UP RaM UW *on UP Ron NT Ram UP 3 Ron MV
LS - --- .000 2.000 .000 .O00 1.000 0.500 0.66? 0.200 1.000 0.a33 0.200 0.333 0.200 0.000 : 2;S541 1 .26
SL . -- K OM000 1.00 0 - 1000 1.900
NC .. .. 1.000 2.000 --- .. .. . 1.000 1.000 1.O00 L.000 1.000 1.000 -- -- - 1.000 1.100
M .. .. .- -- -- -- 1.000 1.000 .. .. . .. .. .. .. ... 3 1.000 1.300
rOAlrn. . .. 0.000 0.000 1.000' 1.M00 0.400 0.111 1.206 0-.67 O.l66 0.200 0.-"? 1.000 0.2w0 0.000 4 3.600 2.S14

CHI-SOURRE -- 3.41 Cd.f. - 1. alpha - .0W)



Table D3r- Indiano Point haiweer toot nonuitoving using fwit d-*Ve
horizontal transducer located at u.wi t 3. intake 3 -

Tidal Phbae2 I hr bwfo4e
10.4 tU40

Owratlon of Test 10 mln. hwr 3&S e Tot Oat.:
Treatment Typo: 1o sec on. 40 s*c off Test Tib*: 1700

10 rI3NUTES DURINO TEST p-ERIDO0
MROME (aters>

0--
Trace -
TWOp Rau HF

LS 0 0

SL 0 0

"C a 0

mmd 0 0

Total 0 a

5-20 -10-15

Ram 6w Ram Ur
3 & 2 2

o 0 0 0

2 4 1 1

o 0 0 0

S 0 t 3 3

16-20 20-25

Raw UV Raw HF
8 _ 7 2 2

o o 0 o

0 0 0 0
0 0 a a

a 7 2 2

25-30

Raw NV

1 1

o a

a 0

6 4

30--3

I £

0 a
0 0

0 0

I I

35-40 Total

Ram HF I Ram Ni

I 0 a 22 21I
0 0:• 1 1

0 0: 3 5

A 0 2 0 2
1i 0 2 26 27

10 ISINUTES IVFEI FESF PERIOD

0--5
Trace
T•po Ramd N

LS0 0

SL0

Total 0 a

5-2
3. 6

O 0

0 0

0 0

3 6

ARoom CowtowS3
10-lI 15-20 20-25

Raw IF Raw HF Raw 6H

1 2. 1 2 2

0 a 0 a 0 0

0 0 I I 0 0

a 0 0 a a 0

1 1 2 2 2 2

25-30

Rau HF

4 2

0 0

0 0
5+ 31

Raw ISV

0 0

0 0

0 0

1 1

35-40 Total

Raw MV : Ram NVr

2 2 i s 2 13
0 "0 3 0 0

-2
3. I 3 5 3

1I
a O. . 1 1

5 2, 3 Ii 17

CHI -SOLUMM CNU-SOULARTE F-lIArF-HAT O-S 5-10 1i-IS 15-20 -20*-25- 26-30 30-35 3S-40 FOR 2 TEST pE-IO08
Raw NV Rawu N Ram HF Rawm H Rau Raw w now F Raw HF Raw wF I 04aw &LS a 0 3 6 2 2 , 4 2 a 6 3 1 1 a 1 10 17?51. 0 - 0 0 0 0 0 0 O 0 1 1 0 0 0 02 1 1

NC 0 0 1 2 11 1 1 0 0 1 1 0 0 2 1 4 4aN 0 0 0 0 0 a a 0 0 0 0 a 1 1 0 0: 1 1TO. 0 0 ,4 S 2 2 5 S 2 2 6 4 1 1 Z3 1 23 22
CHI -SQUCAE
USftLUS 0-- 5-10 in-I-S 15-20 go-as 25-30 30-35 35-40 C1H -SQU-AR IJALUES

-- -o2•2 TEST PERIOMRa.., NV Rtaw NV Rleaw O.W, R.law• H.'41 10 Rawu0 HF Raw HF Raw4 HF Raw NT 2 Raw• HFL - --- 0.000 0.000 0. 33 9.441 4. .0 0.000 0.11 L 0.200 1.000 1.000 0.333 1.000 : 2.314 1.02FL .. . . . . . . . . . 000Q •.030 1.. .0. x 2.314 1.D002LS. -- - - - - - - - - -.000 1.00033 .__92 -J - -- -- -- : 1.000 1.300NC --- - 2.000.000 1.000 1.000 1.000 1.000 .. . 1.000 1a."000 -- 3.000 1.000 S 0.600 0.100
_ - -- - -- -- -- - - - - - 1_000 1.000 - -- S21.000 3.3000TOTAL .. .. 0.500 1.000 1.000 1.000 3..I00 2.71 0.000 0.000. 0.091 0.143 0.000 0.000 2.•67 2.000 3 1.06S 2.173

Ci--SOL5n .- 3.041 <d.f. - 1. alpha - .050)



Table 038. Indian Point havevor test monitorlng using Slee1 deJgre
horizontal transdL•re" located at unit 3. intake 3S.

Tidal Phase: 3 bs before
high tid.

Duration of rest= t: 10 en, Ie ,3r 5, Test Oat.zTreabP~ent rem.: so sec on. 20 se¢ off Teat Ti~e:- 204.

U0 HI1UrES BEFO.FM ;EST P'ERIO

Tram-.
T•w

LS

SL
NC

M•

Taet.&

0-5

Rau UP

2

o

o

o

2

7

00a

O

S-10 10-is

RaIu1 Ram 1WF

1 2 0 a

o 0 0 O
a 0 a
0 0 0 0

1 2 0 a

smm mete*'s).

15-20 20-2S

Rau. UF Rau. 1W

a 0 1 1

O 0 0 0
a 0 0

a a I I

25-30

Rau 1W

3 2

o 0
1 1

o a

4 3

30-2s

Rau. UWI•lI
1 1

0 0

0 0

a 0

1 1

36-40 Total

2 1 -: " 0 1 4

a 0 1 0 0

S0o Os 1 s

20 INUTIeS oIJItm TEST PERIOD

0-- S-10 10-16 15-20 20-2S 26-30 30-35 35--40Trace--
Tp" Ra. UF Rae MF Ram 1F Ra &W Rau1 MUF I.. SW Rae" MVF R" 16w

LS a 0 0 0 0 0 2 2 1 1 0 0 0 0 0 0:

SL a 0 a a 0 a 0 0 0 0 0 a 0 0 0 a -
I

"c 1 4 0 a 0 0 0 a a a a a 0 0 0 0a

- I14100 0 a a 1 0 a 0 a a.1 O 0 O OI

Total 1 4 a 0 a 0 2 2 1 1 1 1 0 0 0 0 *

O "1MUrTES AIFTER TEST PERIOD

RANGE C95eteirs>
0-6 6-10 10-1% ZS-20 20-2S 2--30 3--6 "8-40Trace

TegP0 a.U Re". UP Rau e.& UP 2464 1W Ram. W Rama UP Ras@ UF Rae. NW 2

L5 0 0 0 a 0 a 0 0 0 a 0 0 a 0 0 01

SL 0 a a 0 a a a a 0 a 0 0 a 0 O 0:

84C 2 7 .0 0 0 a a 0 1 a I I a a 0 a: Z

UM 0 0 2 4 2. 1 0 0 0 0 0 0 0 a 0 0a

Total .2 ? 2 4 1 1 0 0 1 1 1 1 a 0 0 0 :

Total

3 3

0 0

I 4

I I

Total

o 0
0 0

3' 5

7 14

CHI -SQUAE I uM-SoURRE F-HrT
FM 0-5- S-101 lo-1 1 I-20 - 20-2S 2S-30 3-536--40 FaA 3 rrssr PERIODS;

Ra. up Re" U Ra" e. Ram leo Raue. 1 RF a. Ram- 1W Rasa lf : Rae, OF
LS 1 2 0 1 0 a 1 1 1 1 1 a 0 0 1 0 : 4 6
SL a 0 0 0 -0 a a 0 0 0 0 a 0 0 0 0 0 0
mc 1 4 a 0 0 0 a a 0 a 1 1 0 a a 0: 2 6
SUK. 0 0 1 1 a 0 0 a 0 0 0 0 0 a 0 O" 1 2
TOrTL a 6 i 2 a 0 1 1 1 1 a 2 0 a a 0: i a 12

CI -SQUAR -
uUKAES 0-9 3:-10 10--11 19-20 20-2S 26-20

LSRau UF Ram. UF Raom 1W Rae. UT Ram. UP Rae. 1W
LS 2.000 17.600 - 2.000 -- - 2.000 2.000 0.000 0.000 .000 2.800
SL - - - - - - - -
14C 2.0003.260 - - 0. 0.000 0.000
Um -- - 2.000 12.000 -.. .. .. . . --
TOTAL -0.500 1.000 2.000 4.000 - - 2.000 2.000 0.000 0.000 3.000 0.300

CIki-SQIJRE e 5.991 Cd.f. a 2. Alph1a - .05)

30-3- 36-40 CLI -SQUAIRE MLU•S
-- -FO 3 TEST PERIOOS

Raeo IP Re" UF ; Rau MT
.. ..- 2.000 -- -14.250 I.167

- . . .- ~- 3.000 S.1O0
.. .. .. : 6.000 7.O0W
- -- 2.000 -- 3 1. 3.41?



rabi* o3s. Indian. Point hamm~er te~st engitoring using r-e12 de~fre
horizontal transducaer locat*d at unit 3, Intake _3-

Tldal PhoseS 2.5 lw-s before
high tide

Duration of Tews* I0 min. hvirs 3&S Test Datel
Treatment rujpo- 10 sec on. 30 sec off Test Time:

2j, Mesa6
211S

- - e- - ----------

to flinurEs DuRiNG TEST PER! 00
RAV4N01 Ceters)

Trace

EL

HC

Mu

Total.

0 a

0 0

a 0

0 0
a a

5--10 30--5 15IS-20

Rau ILF RaO IV iR. ;_F_

1 2 0 0 0 0

0 0 0 0 0 0
2 4 1 1 1 1

0 a 0 a 0 a

3 a I 1 1 I

20-26

a 0

a 0

0 0

a a
0 0

a5-30

0 0

o 0

o 0

O 0

o 0

0 0

0 0
0 0

o a

0 0

10 nINJUTES AFTER TEST PFiOOI

35-40 Total

O 0 + 1 2
$

0 0 * 0 0
I

0 a 4 6

a 0a 0 a

0 0 5- 0

3S-40 Tot1l

RMe" MV Rae. MV

0 0 1 6 6

0 . ** 2 3
.40 01s 4 4

0 0 : 0 0

S 0 - 12 13

0-s
Tupe Rae Ill

LS a a

SL 0 0

me -0 0

MU1 0. 0

rotal 0 0

5--10 10-IS

I 2 1 11

a a O 0

0 0 2 2

0 a 0 0

2 4 3 3

"Roe ,eeutevs)

15-20 20-25 26-30

Rae. MV Rae. 11 Ram. MV

* 2 a 0 a 0

S I 0 0. 0a 0

0 0 1 1 1 1

0 0 0 0 0 0

3 3 11 1 1 11

30-35

Ram. sV

2 1

0 0

0 1
0 0

a 11

CHI-SQUAW CHI-SMUARE F-NM-
F-A1r 0-6 5-10 to-is 15-20 20-25 26-30 30-35 3;--40 FOR 2 TEST PERO 015

Ra. 11 Re. UP Ram MV -Rau. MV Ram. M Rau. MV RAM. MV Ra. 6V1F Ram. MV
LS 0 0 • 2 1 1 1 1 0 0 a 0 1 1 0 01 4 4
SL 0 0 1 1 .0 0 1 0 a0 0 0 0 0 a 1 2
MC 0 0 1 2 2 2 1 1 1 '1 1 1 0 0 0 01 4 5
Mw0 0 0 0 0 0 0 0 0 0 0 0 - .0 , 0 0
TOTLa 0 0 I 6 2 2 2 2 1 1 1 1 1 0 a 9 11

CM4I -500335
URLUES 0-5 5-10 10-15 is-2O a0252-30 30-36

n" W. RAeW , Rau MV Rae.o I Rae W Raba " Ra. &"
LS - - 0.000 0.000 1.000 1.000 2.000 2.000 -- -- - 2.000 1.000
SL I-- 1 0 2.0a0 - &1.000 m .000 . . ... ..
Mc-- - 2.000 4.0010 0.2;i 0.333 1.000 1.000 1.000 1.000 1.000 1.000 -- -

TfOTA --- 0.200 0.400 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 2.000 1.000

C11-S-•J•E - 3.041 cdlf. - S. alpha - .0s),

3S-40 CHI -SQUARE ALJUES
s-r-o: 2 TEST PER]ixor

Ram. MV a Rano. M
-- -- 3 .51 2.BOO
-- -- 2.000 3.600

--- - 0.000 0.400

- -- S 2.02 1.190



Tabe 1040. Indian Point hamner test nto"%rIng usinq r6.12 degee
horizcntal trasducer .located at *mdt ). intake 3.

Tidal Pbas*2 I hr before
high tide

OWurAtiIob Of TeSts 1o N"In. hEr 36S rest notea
Treame.nt Tqp,.: to sec on, 20 soc off Test TiNma

2 22,'62225;
~aaeaaans.nafaefla.n.afsa

IC MINUTES NEFORE TEST PERIQU
RANGE (motors)

0-5 5-10 t0-1i 15-20 20-2S 26-30 30-SS 35-40

Type Ram. 1 RMe" UV Iats U Ram UV Mass MV Ran u V Raw UF Na.. U :

LS 1 4 0 0 3 4 1 1 0 0 0 0 0 0 0 0:

SL 0 a 0 a 0 a 0 0 '0 a 0 a0 0 a

Nc 0 0 0 0 1 1 0 a a 1 0 0 0 a 0 a
NM 0 0 0 1 1 C a 0 a0 0 0 0 0 0

rekal 1 4 0 0 6 6 1 a I 1 a 0 0 a 0 Ca

1O INUiTES DURINo TEST PERIOD CO Cters)

0-S -10 10--5 1S-20 20-25 26-30 30-35 35-40Trace -- - - ---- - ___-

TV" Ram MF Rak &" Re. am F Ran 6F Rau MV Ro. iF Rte. MV Re" MV I

0 0 0 0 1 1 0 0 1 1 0 0 1 1 0 0:

SL 0 0 0 1 1 0 0 0 0 a 0 a

Nc 1 4 2 4 0 0 1 1 0 0 1 1 0 0 0 0

M1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0:

Totea 1 4 2 4 2 2 1 1 1 1 1 1 1 1 0 0 :

10 MINUTES AFTER TEST PERIODR
RANGE (•twrs>

0-S M-10 10-is 1--20 20-2% S5-30 30-5 35-330
raco Ran M Na.. M Re, U" Ran M" Ra IV Ra l Ran MV Ran UF a

LS 0 0 0 0 0 0 a 0 0 0 0 0 0 0 0 0:

SI. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0:

Ole 3 11 0 0 1 1 1 1 0 00 0

mu 0 0 1.a 0 0 1 1 0 0 0 a 0 C 0 0:

Total 3. 11 1 2 1 1 2 2 0 0 0 0 0 0 a 0:

Total

0 0

2 a
1 1

*J 12

Total

Ram ur

3 3

1 1

1; 10

0 0

Total
Raba 141

0 0
0 0

5

2

2 1

CHI -SaURRE CHI -S•UARC F-NAF
F-sT? 0-6 --10 10-1s •S-20 20--5 25-30 30-3s 36.-40 FOR 3 TEST PCRIOOS

Ram UPF Rea. m Ran UF Ram M Ram MVF aao MV Ran , F Ranw J 3 Ras 61F
LS 0 a a 0 1 2 0 0 0 0 a 0 0 0 0 0 3 4
SL. 0 0 0 0 0 0 0 0 0 0 0 a 0 0 0 0a 0 0
mC 1 5 I I 1 1 1 1 0 0 0 0 0 0 0 Ga 4 8
U58 a 0 0 1 0 0 0 0 0 a 0 0 a 0 0 0: 1 1
TOTAL 2 6 1 2 3 3 1 1 1 1 0 0 0 0 0 0: x B 14

C-I-541UARE
WILLIES 0-9 %-10 10-16 1-020-25 25-30 30-35 35-40 C141-SQJARC VALUES

- .- - -ZOR 3 TEST PERIODS
Ra lIP Ran MV Ran MF IRan4 U Ran UF R•a UF Ran FW Ran UMV Ran I&V

LS -ERR 2.000 ERR ERR 6.000 3.500 .. .. ... .. ... .. - 3.333 10.500
SL ERR ERR ERR ERR -- -- -- -
Ne 6.000 12.400 2.000 12.000 0.000 0.000 0.000 0.000 .. .. .. .. 2 .00 .125
um ERR ERR ERR 2.000 -- -- .. .. .....---.... 2.000 6i.DO0
TOTAL 0.600 4.500 2.000 4.000 2.000 4.6"? 2.000 2.0001 0.000 0.000 . ... ... . 1 0.260 0.57t

CHI--UR[E -- 5.991 cd.f. -2. alpha - .05)



Table D41. Indian Point hae""*@ toot monitoring using "w12 deja.o
horzonal randucr lcatd a unt 3, intake-Is

Vidal Pbons. 30 stn before
high tide

Duratio•, of Tests 10 mt•n f. .. 369 tost oates
Treatwent rupes 10 soc on. 30 soc off Test TKnox

2f 1"00
224S

10 nMUrTES maZn. TEST PERIOD
.Mms (tetors)

0-5 -t10 10- S1 15-20 20-2N 25-30 30-35 35-40Trace --

TyIpe Ram Mta S Iae UP Raam 1aV Ra U" Ram lIP Rou IPI Rae IHF R-

L. 0 a 0 0 0 0 2 2 I 1 0 a 0 0 0 0a

SL 0 0 0 0 0 0 0 a I 1 0 0 a 0 0 0"

wC I 4 1 2 1 1 0 0 0 0 0 0 0 0 0 0:
I

Om a 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0

Total 1 4 2 4 1 1 a 2 2 2 0 0 0 a 0 0

10 NINMU5 S AF"ER TEST PEanOv
IMIGNE cmaters)

0-9 S-10 10- 15 15-20 20-2; 25-30 30-39 3S-40
Treae. ---

Twpe Rae. IF Rae. Ui Rau S4 Raeu 1F Ram 1P Ram. UT Ram. MF raN. UP Z
.5 0 0 0 0 1 1 0 l0 2 2l t 1L 0 0 0 O03

S4. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3

toc 0 0 1 2 0 0 0 a S 1 a 0 0 0 a3

Low 0 0 0 0 0 0 0 0 0 0 0 a 0 0 0 03

Total 0 0 1 2 1 1 0. 0 3 3 1 1 0 0 0 05

Total

Rae. U.

1 1

3) 7

1 2
* 131

rotal

Ram. wT
4 4

0 0

2 3

0 0

a r

CHMI-SWRRE cIt -SQcuRE F-HAT
F-HAT 0-- 5-10 10-15 15-20 20-25 25-30 30-31 - 35-40 FOR 2 TEST PERIODS

Mega UP Rae UP Rap U•P e. iV Ram. U Ras. MVr a&" wV Ram sV 2 Ra UIP
LS a a 0 0 1 1 1 1 2 2 I I 0 0 0 01 4 4
St. 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 01 1 I
MC 1 2 1 2 1 1 0 0 1 .1 0 0 0 0 0 0 .3 3 S
MW 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0a 1 1
TOTAL ." 2 * 3 1 1 1 1 3 3 1 1 a a a 0 . r 10

CMI--S iARt
UALUES 0-5 5- 10 10-is 15-20 20-25 25-30

Ra*e " - Rtg UP R4ae UP Ram UP Row. UP Rau UP
LS . .. . .. 1.000 1.000 2.000 a.000 0.333 0.333 1.000 1.000
SL. . . .. ...- -. 1.000 1.000 -- -
NC 1.000 4.000 0.000 0.000 1.000 1.000 -- - 1.000 1.000 ---
wu -- -- 1.000 2.000 -- - -- - ---
TOTAL 1.000 4.000 6.55•3, 0.4 0.000 0.000 2.000 2.000 0.200 0.200 S.000 1.000

CHI-SQUARK, - 3.641 (1.f. - 1. alpha - .00)

30-3K
RWae UF

3S--40 CUR -SQUARE UALUES
WFOR 2 TEST PetROas

Rae" UF S Ram UF
-~- 0. 143 0.143

-- : 1.000 1.300
--- 1 0.200 1.300
-- 3 1.000 2.BOO

- -- 0.28S 1.5000



Tab%* D42- Indian Point ham"w test monitoring using Sm.2 do
hoeizontal transducer located at unit 3.. Intake 15.

Tidal PMAsX: 30 win before
hi h tidoL

Duration of Test" 10 win. heirs 3&S Test Date%
Troat•ont Tuell 10 soc on. 40 soc off Test Time: 2305

10 ;INmUITES O [IiO TEsT PER]OD
mmO (wet.es)

O.. 5-10 10-15 15-20 20-2S 25-30 30-=5 35-40

TRy pe MR it. Ram W Raw 1= Ras W-- Rat M;7 Rau SF Rau w

LS 0 0 1 2 0 0 0 a I I I 1 0 0 0 0 9

SL. 0 0 0 a0 0 0 0 0 0 0 0 0 0 0:

II01C 0 0 1 a I a a 0 0 0 0 0 0 0 0 01

im00 0 0 a a a a 0 0 0 0 a a as
mt.a.1 0 0 a 4 3 3 0 0 1 1 1 1 0 a 0 0 1

10 "UITES AFTdRV TEST PERIOD
massU Cmetor-a)

0-5 S-10 10-- is S-20 20-25 25-30 30-3S 3S--0•Trace - --
TV)p Rau SW Raw MW Raw MW Raeu MV Ran SW Raw MF Raw SF Rau SW

Total

Ramw T

3 4

0 0

a S

a a

r 9

Total

Rau Ur

LS

SL

Um

rotal

0 0

a 0

0 0

0 0

0 0

a 0 0 0
0 0 0 0

0 0 0 0

0 0 0 a

0 0 a 0

0 0 1 1 0 0 0 a

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 1 1 0 a 0 0

0 0: I I
0 0 : 0 0

0 0: 0 0

0 0: 0 0

0 0a 1 1

Cul -SOSNRE CmI -SaunaR F-HAT
F-Mr O--S 5-10 10-15 15-20 20-25 .25-330-39 35-40 FOR 2 TEST PERIODS

Raw w Raw SF Raw w Raw SWF Rasa S Ram UP Raw iF Raw SIT n Raw SF
LS 0 0 I 1 0 0 0 0 1 1 .1 1 0 0 0 01 2 3
SL 0 0 0 0 a 0 0 0 0 0 a 0 0 0 0 0 0 0
NC 0 0 I 1 1 1 0 0 0 0 0 0 0 0 0 01 1 2.MM 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 01 1. 1
TOTAL 0 0 t 2 a 2 0 0 1 1 1 1 0 0 .0 0 4 £

CNi -SQUARE

LS
SL
mCtm
TOAL

0--S 5-1I0 10-1IS

Ra S ta w Raw SW
-- - 1.00 2.000 -

- - 1.000 2.000 1.000 1.000
-- , . . z.O00 2.000

2- - .000 4.000 3.000 3.000

is-20 20--5 25-30 30-35

Raw SW Ram@ SW am& S Raw HF
-- - 0.000 0.000 1.000 1.000 -- -

- - 0.000 0.000 1.000 1.000 - --

35-410 CE -SRUARE UALUES
zFir 2 TEST PERIOCS

RAM "T 9 Raw USP
z- -- 1.000 L.SOO

--- 2.000 3.000
.. .. o2.000 2.000
- -- 4.600 6.400

CHNR-Sdn , 3.041 Cd.". - 1. alpha - .05)



Table, 043. Indian Point ha,4woe- toot monitor-ing using Sm*
2 

dge
ho~rizontal transducer located at unit 3v. intake35

Tidal Phone; 1 Ih afterhlab tide
Duration of rTets 10 win. hurs 3&5 Test Date:

treeat AAt ruye1 20 s.. on. 20 soc off reTt rises
234S1O-
2346"

s n aslsaIa s . 5 a f l a f l ~ n a a a~ e 5 5 5fhig Bil fdln

10 i MUTES DUR11Ng TEST PERIOD
iWE C,,ter)

0-5 S-10 10-15 15-20 20-2S 25-30 30-35 35-40
Trace - - ---

Tip. Ram 1F Rasi4 UF Ram MV Rau W Raw SF Rahu UF Rauw 1 R6a MLW

LS 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0:

SL 0 0 0 0 0 0 a 0 0 0 0 0 0 a a 02

HC 0 0 0 0 0 0 0 0 0 a I 1 0 0 0 0a
2

IMU 0 2 4 0 0 0 0 0 0 0 0 0 0 0 0O

Total 0 0 3 6 0 0 0 0 0 0 1 1 0 0 0 02

10 HIH[UMES AFTER TEST PERIOD

0-5 5-10 10-15 1S-20 90-25 25-30 30-3S 35--40
Tr-ace --- ---- -------
T.w RIa WV Raw 6F Re" f F wam SW Re" aW MV Rwr Ram UF M Ram MFr

LS 1 4 0 0 0 0 1 1 1 1 0 0 1 1 0 0I

SL 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 01

NC 1 4 1 a 0 0 0 0 1 1 2 1 0 0 0 01

ON 0 0 1 2 a 0 0 0 0 0 0 0 0 0 0 0 g

Total 2 f 2 4 0 0 1 1 3 3 2 a I 1 0 01

Total

Rom UF

1 2

3 0

I L

3 4

4 7

Total

4 1"

S 1 2

t11 1

CHI[ -SOUARE CHI-SM-ARE F-HAr
F-4int 0-; S-10 10--S 1S-20 20-2S 25-30 30-35 35-40 FOR 2 T3ES IRIOIDS

Raw Mr Raw UP Ram UF Raw UP Ram M1 Raw UF Rau UP Rau UF 2 Ran LF
LS 1 2 1 1 0 0 1 1 I 1 0 0 1 1 0 01 5 5
SL 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 01 1 1
NC 1 2 I 1 0 0 0 0 I 1 2 1 0 a 0 0 z 5
"M 0 O a 2 3 0 0 0 0 0 .0 0 0 0 0 0 0 3 3
TOT-L 3 5 0 0 1 1 a 2 2 1 0 1 0 0 8 13

CM -SOtwd
MfLUES 0-5 9-10 10-15 1s-20 20-2S 25-30 30-35 3S-40 C•II -SSUAilE IPRLUES

'.FOR 2 FrsT PERI ODS
no" U . fao* NF Raw MVF Ross w Rau Mr Raw w Raw Iw Mlaw Ur 2 Ke" UF

LS 1.000 4.000 1.000 2.000 - - 1.000 1.000 1.000 1.000 -- -- 1.000 1.000 1-- - 1.000 2.rre
S. -- -- - -- - -- 1.000 1.000 -- . .. ... .. 31.008 1.000
me 1.000 4.000 1.000 2.000 . .. .. 1.000 L.000 0.333 0.000 .. .... .. I 2.66r 5.444
U"- -- 0.333 0.667 .. .... 0.33. 0.6.6
tOTAL 2.000 6.000 0.200 0.400 - - 1.000 1.000 3.000 3.000 0.333 0.O00 1.000 .o000 - - 3.2C. 4.W40

CHI-SOUARE - 3.-641 (.f. A 1. alpha - .0S)



Table D44. Indial, Point hainmer test monitoring using 64412 d
horigontal. tvanoduce,- located at unit 3v intake, 3.

Tidal Phase: .1 w *fter
hiLg tide

Durationm of Tratt 20 min. hmr-s1,2%3 Test Data:ri-sationt rippot 20 woc on# 3 soc off Test Time.: 0035

10 InIITEs I9EFO TEST p5I[10

Tr co

LS

-SL

NC
me

OUM
Total

0-B;

0 0

o 0
at 7

a 0

2 v

RawN MV

O 0

O 0

1 2

o 0

1 2

10-1s

Ram MF

0 0

a 0

a 0

t 1

1 1

RISM Cweters)

15-20 20-2S

Raw 1= Rau MF

0 0 0 0

1 1 0 0

a 0 0 0

0 0 0 0

1 1 0 0

25-30

Ram lIT

a 0

0 .0

I I

0 0

a I

30-3S

Ram UHF

a 0

0 a

0 0

0 0
o 0

35-40 Total

Raw MT I Ram UP
0 0 :-- 0 0

0 02z 1 1

0 0 2 4 10

o 0 : 1 1

O, a a G 12

10 KMINUTS DUMINe TEST Plr00

C-- 5-10 t0-is 1I-20 2'-25 29-30 30-33 39--40
Trace ---
rTipe Rnw Wt Raw lP Raw IF Raw W Ram hF Raw Rm Rwe P Raw" UW S

LB 2 7 1 a 0 0 2 2 0 0 1 1 0 a 0 0a

SL 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 02

1C 2 7 2 ,4 0 0 0 0 1 1 a 0 0 0 0 0 2

UM, a 0 1 a 0 0 0 0 0 0 0 a 0 0 0 C 2

Total 4 14 4 0 0 0 2 2 2 2 1 1 0 0 0 02

10 MInuTES AFTER TzST PIERIOP

Total

a 12

1 1

S 12

1 2

13 2?

0-S 5-10 10-15 15-20 20-25 25-30 30-3- 3--40 Total
Trace - -"•
T.p* Raw MF Row P RAU HF Ram wIr RMA MF Raw WF Raw 1F Ram $F I Rau MF

LS 0 0 a 0 1 1 1 1 0 0 0 a0 0I 3 3I
SL0 0 0 0 a 0 0 C 0 0 0 0 0 2 1 0 01 2 1

me 2 7 1 02 1 1 0 a I I a 0 1 1 0 0 £ 12

U" 0 0 1 2 0 0 0 0 1 1 0 0 0 0 0 02 2 3
Total a 7 2 4 2 2 1 1 2 2 0 0 4 3 0 02 13 1i
CHI-WJARE CHI-SDUAMN F--arTr-dNA CS 5--10 *0--1 IS-20 20-2S 25-30 30-3s 3S--40 FOR 3 TEST PERICODS

Raw IF Rau UF Raw HF Raw4 MW no" 1IT Roa HF Ram MT Raw UF 9 Raw UF
LS 1 2 0 1 0 0 .1 1 0 0 0 0 0 0 0 0 3 5Si. 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 - 1 1
NC 2 7 1 3 0 0 0 0 0 1 0 0 0 0 0 0 5 1
11 0 0 1 1 0 0 0 0 A0 0 0 0 0 0 02 1 2TOTAL. 3 2 2 5 1 a I I I $ a a 0 0 ii2 is

CHI-SQNMME
VILUES O-S t--o 10-15 15-20 20-25, 215-30 0-- 35-40 CHI --SQUAng, VALUES--- PFOR 3 TEST PERIODS

Raw sw Ran MW RAw SIT Rom UF RAN SI iawe IF Raw SIP Rawa w 2 Rawo IPLS 2.000 1".500 -- 2.000 -. 000 .00 ,2.000 .. -- . . .. .. .. ' 263000 1..6,00
SL --.. .... ... .. -.. a.Oo ... .. 12.000 42000
NC 0.000 0.000 2.000 0.000 .. .. .. 0.000 0.000 . .. ... .. : 0.400 1. 32"3
"M -- - 0.000 4.000 . ... -.. .. .. .. --.. -2.000 1.000
TOTAL 0.000 4.9&? 3.SO0 2.600 2.000 2.000 2.000 2.000 4.000 "4.000 0.000 0.000 12.000 .000 - --- 2.000 G.947

c*U-SoKWAM . 5.991 (d.f. - 2. 4lpha - .0I



Tabia, 04s- Indian Point hansiar test enoidtosing using 5.412 deogre.
horizontal. transducer located at unit 30 Intake 35.

rids& Phabse: 2 two after
high tide

Duration of root: 10 nin. hwe 1,203 root Data'.
Treatm.ent typo: 30o sc on. 20 sac off Yost risee:

ge t9/"00125

10 NINUTE'S BFO~E TEST PTAcOO
UMMOK OCeters)

O-S S-1 t.o-is 15-20 20-2S 25-30 30-3S 35-40Trace -. - -----
Tupe Rau -MF Rau M Rau W Rasu MF Raw MF Rau MVF Ram F Rau. lIT

LS 0 0 0 0 a 1 a a 2 2 2 1 0 0 0 0a I
EL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 02

S
NC 0 0 0 0 0 0 2 a 1 1 1 1 0 0 2 1 i

mm 0 0 0 0 0 00O 0 0 0 a 0 a a 0 02

Total 0 0 0 0 1 1 2 2 3 3 3 2 0 0 2 As

10 SSINUTES U iNO TEST PERIOB
RS Cneters)

0-5 6-10 10-IS 15-20 20-25 215-30 30-35 3l-40
Trace --
Tp * Rau M Raw M Ram MV *am MV *am M Rau UF Rau MF Rau UV

LS 0 0 •0 a 2 2 0 0 a 1 1 1 0 0 0 0a

St. 0 2 I a 0 0 a a 0 0 0 0 0 0 0"

wC 1 4 0 0 0 0 1 1 0 0 0 0 0 0 0 0:

lm 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0:
Total 1 4 1 a .2 a I 1 1 1 1 0 0 0 0 2

to mour"s a Test PERIOD

T--c -10 -- 10-15 15-20 20-2-S 2-30 30-3 - 3s--40

T#Ap. *am. MV a. Ros Ba. SiP4 3m. MV a. *V am UV Ba. WV Rau. MV

LS 0 0 0 0 0 a 0 0 0 .0 0 0 0 0 0 0:

SL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 a 0 t

NC 1 4 2 4 2 2 0 0 0 0 0 0 1 1 0 0

1m 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Total 1 4 2 4 2 2 0 0 0 0 0 0 1 1 0 0

Total

0 0

.6 5

0 0

11 9

1otal
Rau IdF

4 ,4

1 2

2 i
0 0

1" 11

Total

0 0

0 0

a 11
0 0

* IIl

CMI -SQUARE CHI-Selmft F-HW
F-4lAT 0-5 S--10 to-1s 15-L0 20-4-5 2S-30 30-35 35--40 FoB 3 TEST PEmISOS

SRu MV Rau M Rau M a - SW Rau MV Rau MV Ra4* M Rea M W R aid UF
LS 0 0 0 0 1 2 0 0 1 1 I 1 0 0 0 0: 3 3
SL 0 0 0 1 0 0 0 0 0 0 0 0 -0 0 0 0: 0 1
NC 1 3 1 1 1 1 1 1 0 0 0 0 0 0 1 0- 5 7
m, 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0: 0 0
YrOFTA 1 3 1 2 2 2 1 1 1 1 1 1 0 0 1 0 9 10

CHI -SQUARE
UELUCS 0-5 6-10 0o-IS 13-20 20-25 23-30

Rams MV Ra.u UF *a" W B RA. MVF Rea MF Rea Ur
LS .. ..-- 2.000 2.000 - - 2.000 2.000 2.000 0-000
SL .. .. .. 2.000 -- - - - - - -
HC 0.000 z.G6? M.000 12.000 2.000 2.000 2.000 2.000 . .. ..
Um -- -- . -- -0 - - - - -
TOTAL 0.000 a."?w 2.000 4.000 -0.500 -o.00 2.000 2.o000 6,.000 6.000 6.000 2.o00

PII-SmQImE - 5.991 Cd.f. - 2. alpha a .05>

30-35 35-40 CHI -SOMIlE UALU[S
XFOi 3 TEST PERIMOS

*4*. SW RBa LIF I Rau. MF
-. .. . . 4.56? 2. 67
.. . .. - . 1 - 2.000
--- -- 2.000 --- 1.200 2.421

--- -- 2.000 -- S 1.?0 1-.300



Table D46. Indian Polint hommor~ test wonitoringusing IW.12 degree
horizontal transducer located at edt 3. Intake3S

Tidal PhaseS 3 hrm before
IoU tide

Duration of reat 10 vein. his 1,263 Trest Data:
Troatnont tjW*: 30 sec *on 03 seC off Toot rtim.

"M ess
0335

0 o mueurEs o.Jp5 rTsr TPERIsoD
ERIWEO Cmeters)3

Trace
Type

LS

SL

Totaml

.0-5

Ram UP

0 a

0 a

0 a

0 0

0 0

5- 10

Rau IF

a 0

a a
2 4

a 0

2 4

10-is 15-20 20-25 25-30

Ras. MF Ram MF Ram 1 Rau 11F

3 4 9 a 5 4 1t 11

a 0 0 0 0 0 0 .0

I 1 0 0 0 0 2 1

0 0 0 0 0 0 0 0

4 5 9 a 5 4 20 12

30-35 315-40 Total

Rau 17 Rau n1F 1 tRan IF

3 2 1 a.- 42 31

o0 a 0 O- 0 0

0 0 0 a a 5

0 0 0 0a 0 0

5 3 2 I s 47 37

30-35 5-4 Total

Rau UF Ran W 2 Rom 117

3 a £ 2 r 40 32

0 0 0 0 2 0 0

0 0 0 0 a 6 4

0 0 0 0: 0 0

10 IWUNrUES DURING TEST PERI0D

Trace

LS

SL

me

o-s

Ran SW

.0

0

a

0

5-10

Ran UP
0 3 •

0 0 0

0 0 0

0 0 0

lefUWSE Ciqeters)

10-15 15-20 20-25

Ran MF Ram UP Raw UF

3 4 6 5= SI 1

O 0 0 0 a a

0 0 a 1 1 1

0 a 0 a 0 0

25S-30

Rau 517

0 0

4 2

0 0

Total 0 0 3 6 3 4 r 6 .r is 9 3 2 5 a 2

10 1ISISUTES WTre TEST PERIOD
RAN"E Ct•4ors)

46 36

T--!S- - 5-10 10-15 1S-20 20-25 2S-30 30-35 35-4 rTotal
Typ Rame UF Ian I . Ran ne SF au W Rno UP' Ran UP Rtan UP Ran UP Rau U

LS 1 4 1 2 7 a r 6 4 3 1)• 4 2 3 1 t 40 34

SL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 02 0 0

NC 0 0 3 6 2 .2 0 a a 0 1 1 0 0 0 0: 6 9

5, 0 0 0 0 a 0 0 0 0 0 0 0 0 0 0 0a a 0

Total 1 4 4 a 9 10 r 6 4 2 14 ) 4 a 3 1: .4 43

CHI -S4JNEl" Iu -smaU E F-Mar
F-44 0-6 5-10 10-15 1S--0 - 2S-30 39-5 5-40 FOR 3 TEST PERIODS

Ran UP Ran uPr Rau SF iZa Ur Ran S Ra4n SI Rau MF Ranu MF 2 Ra MF
LS 0 1 1 3 4 5 7 & 6 4 14 9 4 2 3 1a 40 32
SL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
mC 0 0 a 3 1 - 1 0 0 0 0 2 1 0 0 0 02 6 6
UM 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 33 P
TOTAL a 1 a 5 a 9 1 a 5 1 1 0o 4 a 3 1t 4a 310

VIALUES

LS
SL
NC
uuSOML

0-5 5-10 10-1-5 IS-20 20-29 2r-30 30-35 35-40 CHS-S•AIR UVALUES
:Fa-• 3 TEST PERIODS

Ram IP Ran IF RAn 1P Rau M1 Ran UP Ram UF Ran S4F Ran UV a Raw.. tl
- 12.000 &.O00 E.3i3 3.SO 3-.a00 i.T14 1.i3 0.so00 2.25s 2.5s0 0.o000 0.500 1.S00 2.6& a.000 2 2.10,0 .1S6

-- -- I.sO0 r.333 2.000 2.00 3.00 .000 . .. -0.933 3. 1i6

- t1.O00 O.667 1.333 5.200 4.S0' -0.•WM -0.671 2.33) 0.000 0.110 0.-06 0.500 1.500 2.66? 2.000 2 1.022 s-.7"

C14--SQUAK - S.319 (4d.f. - 2. alpha - .OS)



rable 04r. Indian Point hoiusor toot ,.anitoring using G"12 d. 3 1 ro
horizontal trmnsducer located *t unit 3. Intake5.

To~dal Phases 3S.5 hro before
I*" tide

Duration of r..tg 10 min, ba t.1263 Toot catot
Trrat~ent Tupos 30 soc on~. 40 soc off root Huies

2Z1 Wan
0356

to HIMIUES DURIinO TEST PERIOD
315405 <noterol,

LS

SL.

TC

rcta

O-S U-10 10-15
Ro*a MF It•ii i. -UF-d~

0 0 4 a 5 6

o 0 0 0 0 0

0 0 0 0 2 a

1 4 0 0 0 0

1 4 4 6 7 0

15-20

S a

o 0

O 0

O 0

* a

20-2• 29-30

EAUaL Ram W-F

2 2 IG 10

0 0 0 0

2 2 0 0

0 0 0 0

4 4 16 to

10 limNUTEs FE[ TEST PERIOD

30-3s 35--40 T otal_

Rau MT Rau LW 3.i. MV
a 0 3 I a 39 3S

0 a" 0 a 0 0
a

1 1 0 0a 5 S

0 0 0 0a 1 4

1 1 3 1 1 4S 44

30-39 39-40 Total

4 2 3 1 3 36

0 0 0 0: 0 0

0 0 0 0 r 7

O 0 0 0: 0 0

4 2 3 1 t 46 43

INMiE (wtersý)

LS

SL

TC

8ctal

0-5

1 4

0 0

a 0

0 0

1 4

5-10 10-15

RON 61F Rau* W

3 s & r

a 0 0 0

1 2 1 1

0 0 0 0

A a r a

1S-20

Raul UW

5 5

0 0
I I

0 0

a &

20-25 25-30

Rau. M Rau MV

0 0 0 0

t0 o -11 6

a-Ht -SOUIRiE CHI -S0WR1i F-HAr
F-HAt 0-- 5-10 10-15 15-20 20-2• 25-30 30-35 35-40 FOR 2 TEST PERIODS

Ores sIl Rau U• Iam. LU Ram 61F Ram MF 3w LW Ram l r Rau. o I Rau mV
LS I a 4 r 6 r r 7 5 4 13 0 2 1 3 1 i 34J 36
Sl 0 0 0 0 0 a 0 0 0 0 0 0 0 0 0 0: 0 0

0 0 I a 2 2 1 1 a 2 1 1 1 1 0 01 6 6
II 1 2 0 0 a 0 0 0 0 0 0 0 0 0 0 0 : 1 2
TOTAt 1 4 ,4 S 1 0 0 7 6 14 a 3 2 1 46 ,44

cHI-SOUPIR
VUNALS 0-s 5-10 10-1s IS-20 20-2S 25-30 30-35 35s-40 CHI -SOWIE URLUES

:FO -02 TEST PERIOOS
Rau w Rw UFL Ram V Ram 61F Road Rau e 1 Ram P Rasa U I Rame UF

LS 1.000 4.000 0. 143 0.2"6 0.091 O.0p? 1.143 0.692 3.600 2.000 1.260 1.66? 4.000 2.000 0.000 0.000 : 0.000 4.014

MCI : - - 1.000 2.000 0.333 0.333 1.000 1.000 0.000 0.000 2.000 1.000 1.000 1.000 1- - 0.333 0.333
mu 1.000 4.000 - - - -...- -. . . ... :1.000 4.000
TCeTAL 0.000 0.000 0.000 0.000 0.000 0.000 0.600 0.266 2.57r 1.333 0.•26 1.000 1.000 0.333 0.000 0.000 1 0.01 0.011

C$IZQ4SUMRl 3.041 Cd.f. .Ia alpha - .00)



Table 040. Indian Point hamme. test eawnitoring using 5.12 egre
horizonata transducer located at unit 3. intake 3.

Tidal Phase; 2.S hrs before
loa tide

TuW-ation Of rloet 20 oln, hwu 1.263 Test Date: " 19/0
Treatwont Tiapo: 30 swc on. 20 sec off rest rine 1 0416

10 HINUVES OURINO TEST PERIOD
RANGE <moters)-

O-S 5-10 10-15 15-20 20-29 2S-30 30-3S 3S-40

Trlle Ra11 1 t Raw W Ram 6. Ram NV 'Ros lF Rau NF Rau NV Ram LW

LS 0 0 1 9 S 4 r C 1e 12 23 14 r 4 2 I

SL0 0 0 0 0 0 a a a 0 0 0 0 a 0 0 0:

NC 0 0 0 0 a a 3 3 1 1 3 2 0 0 0 0 *

14m 0 0 1 2 0 0 0 0 0 0 0 0 0 0 a

rOtal 0 0 S 1I 5 6 10 1 i1 13 26 1i 7 4 a 1 A

10 nIrI1ES rFTER TEs-T PEROo

0-5 5-10 10-15 IS-20 20-25 2S-30 30- 36-40

Typ* Rau UF Ram W Ra4 IW Ram hF RaU 'W Roam Rami NF Raw LW I
______________ ________

Total

63 50

a 0

1 2
73: 60

Total

RMa MF

LS

St.

NT

Ttal

o S

0 a

0 0

0 0

0 0

4 a 10 it

a 6 0" 0

1 a 1 a

0i 0 0 0

$ 10 11 13

It 10 1s 11

0 0 0 0

1 1 1 1

0Z 0 IS 0
12 11- 6 12•I

12 r
0 0

0 0

1 0

7 .4 10 5 a 61 ST

o a 0 0 0 0 0

0 0 0 0: 4 5

0 0 0 0 - 0O 0

7 4 10 5 V3 62

FU -SMT U0C -N-OUFINE F-HAf
F-NT 0--5 5-10 11--15 I-20 20-2S 25-30 30-35 3S-40 FOR 2 TEST PERRISD

Rau bw Ram SW Raw MV Rfaw SW Raw UP RAM . M Raws MV Rams NV 2 Raws UV
LS 0 0 S I r a 0 is 12 s 1 i 7 4 6 1 s 6. 54
St. .0 00 0 0 0 a 0 0 0 0 0 0 0 0 0 0a 0 0
NC. 0 0 1 a 2 2 2 2 1 t 2 1 0 0 0 0a 7 r 7
M0 0 1 0 0 0 a 0 0 0 0, 0 0 0 0 : 1 1

TOTAL 0 0. a .11 0 10 a, 10 17 13 1• 3 1 4 •6 3 . r3 61

cmX -sOm0RE%"VLUE$

LS
SLNIC
ra Lfor-

0-05 5-10 10-15 15-20 20-a2 25-30. 30-35 3S--40 CHI-50lMtE UALUES
-FOR 2 TEST Pinions

RaM V Rw W Rw N Raw SW Ra ur Ram Sw RAM. SW Raw4 60F Rew MF
---- ----- 2 0.0S 37O 4 am.000 0.803 1.000 0.032 0.043 3-.41 2.333 0.000 0.000 9.=3 2.6a67 2 0. 4.466

- -. -- - -- - .- - -- -- -- -- -- - - X: -.-7 -.-

.. .. 1.000 2.000 0.:33 0.333 1.000 1.000 0.000 0.000 3.000 2.000 "-.. .. 3 1.923 6.692
-- -- 1.oo a.ooo .. .. .. . . . -- .. .. 21.0002 13 .000

-- - 0.091 0.049 2.2S0 2.574 0. 182' 0.200 0.030 0.040 5. 158 3.5" 0.000 0.000 5.333 2.647 0 0.000 4.033

CHI-SJIMRE - 3.041 Cd.f. - 1. alpha - .05) -



Table 04S. In~dian Polint hannor test enoeltovlng using Sm12 degree,
horizontal transducer located at unit 39 intake 3S.

Tidal Ph*502 2 hre before
lee. tide

Dur-atio of Testt 10 94in, hmr 1,243 rest oat*;
Treaatmwnt r~poi 30 sac on. s0 sac off rest Time.:

214flue
0435

LO MINUTES OmRnM TEST PERIOo

0-s
Trace --
Tpe RaEu F

LS 1 4

SL 1 4

mC 2 r7

Il 0 0

Total 4 is

4 a

o O

1 2

0 a

6 1O

10-15 95-20 20-25 25-30 30-35

Ra1 m TF Raeu MF Raeu 6 Raeu T Rau. HF

4 5 s s 10 a 5 3 s 3

0 0 a a 0 .0 0 0 0 0

S2 2 1 1 ao 0 1 1

0 0 0 0 0 0 0 a 0 0

5 6 1 7 11 9 5 3 7 4

35-40 rotal

Rau HF Rau. UiP

6 3 * 41 39

O 0 1 1 4

1 0 9 14

7 3 2 51 5?

1o InMMaES ArFTE TEST PERIOD

0-5 S-10
Trace,
T% Ras F Ra&" SF

LS 0, a 5 1

SL 0 0 0 0

MaC a 7 a 4

mu 0 0 0 a

Total 2 r 7 13

Noun"6 (note..)P

1o-1 i1-0 20-25 • 29-30 30-35 W5-40 Total

Rau HF Ram. UP Rom* HF ma. HF Ram. HF Raia HF I Rne. H

S a 7 3 a a 1 3 a 1 9 2

a 0 0 0 0 a 0 0 a a 0 0 0 0

a 0 0 0 3 a 0 0 0 0 0 a 13

* 1 0 0 0 0 0 0 0 0 0 a I I t

a r a 4 2 1 3 a 3 .1 37 42

Call -SQwIRE CM-SQUARE F--Her
F-*4AT 0-5 S--U0 10-15 15-20 20-2S 25-30 30-35 35-40 FOR 2 TEST PER,•POS

Rae. HF Rae. HF Ra@e UP Rau. H Rae HF Rau. UP Ram. HF Rae. HF I Rau. HF
LS 1 2 5 9 S 6 7 6 7 S 4 2 5 3 5 2: 35 34
SL. 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 a x 1 2
NC 2 7 2 3 1 a 1 1 2 2 0 0 I I 1 01 0 14
U. 0 0 0 0 1 1. 0 0 0 0 0 0 0 0 0 01 1 1
TOTAL 11 6 12 6 7 a r 9 7 4 a 5 3 5 2 Z 44 so

CHI -SQAiRE
VALUES 0-5 5-10 10-is 15-20 20-2S 25-30 30-:1S 35-40 Ci--SoUARe VALUES

:Fr•R TEST PERIODS
Rae. 1F Raw . 11 RA.M 11 Rae HF R aw. HlF a-a" HF Rae sF .• a I 1. Raue HF

LS 1.000 4.000 O.IL 0.059 0.111 0.091 O.G62 0.333 3.",9 3.600 1.206 1.000 1.000 0.200 1.000 1.000 1 2.OS? 2.006
SL. L.000 4.000 .. . .. .. . .. ...- - . .- -- 2 1.000 4.000
MC 0.000 0.000 0.333, O.66" 1.000 1.000 2.000 2.000 1.000 0.333 -- - 1.000 1.000 1.000 ERR - 0.250 0.0?
1am - - - 1.000 1.000 .... ..- - 1.000 1.000
TIral. 0.66? 2.909 0.333 0.391 0-091 0.07? 0.06? 0.000 1.471 1.123 1.2"6 1.000 1.600 0.66? I.600 1.000 3 2.22r 2.273

CHI -SQIARRE - 3.041 Cd.f. - 1. alpha , .0")



Table 050. In~dian Point hammer test ftontt~rihq wring SPu12 2o
horizontal transducer located at unit 3v Intake 35

ridol Phases 30 "in tater
hi h tido

Duration of Trest 10 mi". hws 1.2&3 Test Date;
Tro-at..ent TV"e: 10 s.c on. 20 secof rest vine: 1239

IM W BUHBN . . .........l |/gI g u•l Ni~ J • I M I N M IHR B gllgR l

10 ImUTrES EF0o1E TcST PERIOD
R <AWE t )

0-5 S-10 Io- 15 15-20 20-25 2S-30 30-39 36-40Trrac
Type Raw MT Raw iMF Ias UW Rau MF Rau M Rasa TF Raw NT Raw MT

LS 0 a 0 0 1 1 1 1 1 0 0 1 1 0 a-

SE. 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0 al
I

me 1 4 0 0 1 1 0 0 0 0 1 1 0 0 0 0a

m 1 .4 0 0 0 0 0 0 0 0 0 0 0 0 0 02

RMSE

0-9 5-10 10-15 19-20 - 20-25 29-30 30-36 34
Trace ---- ---
T~ww Raew bw naw SI,., Raw MT *aw MW KWn MT ftas SW Raw SW R.. a" UF

LS 0 0 0 a A 1 00 0 a I A 0 0 0

S1. 0 a 0 0 0 a 0 0 0 0 0 0 a0 0 0 0

me 1 4 1 2 a a 0 0 a 1 1 0 0 0 0:

SO 0 0 0 a 0 a I I 1 0 0 0 0

Tot•l 1 4 1 2 1 1 1 1 1 1 2 2 0 0 a 0 S

10 KIIWYKS 2FTER TEST PERIAOo

O-5 6-10 10-15 15-20 20-29 25-30 30-35 35-40

TW* RAW MW Raw MT Rom MT Rim Ut Ima MT gam lI R&S Sw RaM UF 9

LS 0 0 0 0 a 1 1 1 0 0 A 1 0 a 0 02

St. 0 0 0 a 0 0 0 0 0 0 0 0 0 0 0 0:

HC 1 4 1 2 0 0 1 1 0 0 0 0 0 0 0 aR

MU 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0:

Total 1 4 a 2 1 a 2 2 0 0 a 1 0 0 0 0 t

STota

Rau MT
• -4 4

1 2
3 6

1 4

9 16

Total

Re.. UT

2 2

0 1
* 3 7

2 2

V I1

Total

Rau MT

3 3

0 0

3 o
0 0

.5L 10

CHI -SOU CIII -601MIE F-sW
F--HAT 0-5 5-10 10--S 15-20 20-25 2s-30 30-3S 3S-40 r0f 3 TEST PEw I mS

Rau 14 Raw UF Ram MT Raw 1S" a Ram I RawUF li RaW T RAw 1F - o 3.. ITF
LS 0 0 0 0 1 1 21 0 0 1 1 0 0 0 0a 3 3
SL a 0 0 0 a 0 0 0 a a o 0 0 0 0 0 0 0 1
NC 1 4 1 A 0 0 0 0 0 0 1 1 a 0 0 0. 3 7
MU 0 1 0 0 0 0 0 0 0 0 0 0 a 0 0 0; 1 2

TOTAL 1 6 1 2 1 1 1 1 I 0 0 0 0 - 12

CHI -SiOWRE
VASUES 0-5 5-10 10-15 - I5-20 go-as 25-30

Rau 1T Raw UF alma %T Raw MT Raw M1 *Ra MF
LS .. ..- 0.000 0.000 0.000 0.000 -- - 0.000 0.000
SL .. .. 2.000 .. ... ...- -
1C 0.000 0.000 0.000 4.000 . . . . . . 0.000 0.000

-m- 12.000 -. .. .. .. ... ... .
TOTm. 2.000 3.200 0.000 0.000 2.000 X.000 2.000. 2.000 0.000 0.000 - 2.000 2.000

CZ--SQaURI - 5.1"1 (d.f. - 2, alpha - .05)

30-35F
35-40 CHI -SOUNIE UALMSE

SOma 3 TEST PER ltOS
Rau MTF ; t•a MT
- -- = 0.6? i.667

- -. 00

-- -- 2.000 4.00-- -- Z1.714 l.r;O



Table 051. Indian Point hamier, test unonitoring &=Ing Gowla degree
hor-izontal transducer- locatod at -uohit 3& Intake 35.

Tidal Phase* 1 he- after
high tide

Dur-ation~ of Test: to "in, h..vs 1,243 Test note:
Treatment Ttjve: 10 .*c oft. 30 sec off Test V1~e.

air &was
12SS

RANGE (meters)nnflflsflaflnaeaanflnfl0annnfl*asnnfflS

10 IIK.UJTES DURING TEST PERIOD

0--9 5--10 10-5 IS-20 20--2S 2S-30 30-35 BS-40

r*tpwF au F RRaw RRaY am -; Raw MV Raa W R*

LS 0 a 0 0 1 1 0 I t 1 0 0 0 0 a 0a

SL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

mC 2 r 0 0 1 t 1 1 0 0 0 0 0 0 0 0 a
I

UU 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1

Tota.l 2 7 0 0 3 3 1 1 1 1 0 0 0 0 0 O

10 mI•[ns AFrE TESlT PERKo0

RANGE (mewe.-)>

O-S S-10 to-is IS-20 20-29 25-30 30-35 3540

1Tp. Rau UW R4an WV Rau HF as" MV Ran 6W Raw UF Ran mV Rau 6w 2

Tota:

Ram-U

2 2

0 0

1 1

7 112

Total

Rau SEP

LS

SL

Total

0 0

0 0

1 4

0 0

1 4

1 2 1 1 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

a 2 0 0 0 .0 0 0

2 4 1 a a0 0 a

0 0 1 1

0 0 0 0

0 0 0 0

0 0 0 0

0 0 I 1

a 0:1 3 4

o 0 - 0 0

0 0 1 1 4

0 0 . 1 2
0 0 2 i5 10

CHI -sQuatMI9 CHi-SSUiR[ F-Har
F-4o 0--S S-1O 10-1- is-to 90--2S 29-30 30-35 35-40 FOR 2 TEST PERIODS

Rau SF Ram MF Ran MV Raw w Ran w Ran UP Ram MF Raw MVF R 4A UF
LS 0 0 1 1 1 0 0 1 1 0 0 I 1 0 0 I 3 3
SL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Ne 2 G 0 0 I 1 1 1 0 0 0 0 0 0 0 0 3 V
W" 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0: z 2
TOAL. 2 6 1 2 2 2. 1 1 1 1 0 0 1 1 0 0 , 1 1

VALU ES O-S 5-10 10-" IS-20 20--S

Ram lV R4n wV Ran UrW RAM MVF nan s
LS -- - 1.000 2.000 0.000 0.000 - -- 1.000 1.000
SaL -- - - - - - - - -
NC 0.333 O.10 - - 1.000 1.000 1.000 1.000 - --
U" -- - 1.000 2.000 1.000 1.000 -- --
TOTAL 0.333 o.01t 2.000 4.000 1.000 1.000 1.000 1.000 1.000 1.000

CHI-SQUARE - 3.841 (d*f. f. A. alpha - .Ob)

2S-30 30-35

Raom i Ran 6F
- --- .000 1.000

- - 1.000 1.000

3l-40 C1I-SCSRAE URLUES
S.FO3 2 TEST PERIODS

Rau UP. I Rano iF
1- -- 0.200 0.66?

- --- 1.000 1.921
z- - 0.000 0.333

--- 0.333 0.182



Table 052. Indiant Point hammer test monaitoring using 6012 digree
.horwtuntal. transducer located at unit 3. intake 35.

Tid&l Phase 1 hr aftoi-
hiLh tide

trwatt1on of Test-. 10 min. hors 1.210 Test Dates
Tv-eatieent TrIo*S 10 sec onr. 40 see off Test Time.

" 1W"ea
1"1S

to IUN"TES DURING TEST PERIOO
RmANE (cotrm)o

0--5 5-10 10-15 15-20 20-25 25-30 30-3S 36-40

Tujp. Raw. 1W Ram. MF Ram. U sao" MV Ram MW Ram MF Rwa W- Ram OFT

LS5 0a 0 a I I a a 0 0 0 0 0 a

SL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -

me 4 1 2 a 2 0 0 0 0 1 1 0 0 0 o0

um a a 0 1 1 a 0 0 a 0 0 1 a 0 02I

Total a 4 A a 3 3 1 1 0 a I I 0 0

10 INUTrs AFTER TEST PERIOD
Itl0N (meat~erss)

2-5 5-10 10-15 15-20 20-25 S-30 30-35 35-40

TqApw. Rau. 1W Rae 1F Rae HF Rau MF Raw. F RMa" .F Rae SI RaM8 OF -

Total
* Rae. UF

I I

0 0
S 59

0 12

Total

Ram. Wr

LS

SL

1TtTotal

0. 0

0 0

0 0

o 0

0 0

I 2

o 0

1 2

0 0

2 4

0 0 3 3 0 0

a 0 o 0 0 0

1 1 0 0 0 0

0 0 0 0 0 0

1 1 3 3 0 0

a 0

O O

0 0

o 0

a a

I A

0 0

0 0

0 0

I I

0 0 8 S 6

0 01 0 0

0 0 o 2. 3

0 0 z 0 0
-S0 01 1'F '

CHI-SQUARE CMt -SQUARE F-Hi
F-HAT 0-5 5-10 10-15 15-20 20-2S 25-30 30-35 3S-40 FOR 2 TESr PERSIOS

RaLS 1r Rae HF Raui liP RAM. HF Rau NV R.064 M I Ra4 SP RAM HF t Raw liF
L50 0 1 1 0 0 2 2 0 0 a 0 1 1 a 0 1 3 4
SL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0
NC 1 2 1 2 2 2 0 a 0 1 1 1 0 0 O 0 4
um 0 0 0 0 I 1 0 0 0 0 a 0 1 1 0 0 1 1
TOTM. 1 2 2 3 2 2 2a 0 0 a 1 1 0 0 S 8 11

r.Ht•-SOUARC
VALUES 0-: 5-10 10-15 1s-20 20-25' 25-30 30.-36

Raw HF Raw& SI Rno" w Ito"e 1w tae. HF Ra4w l Roa. wF
LS - .. ..-- 1.000 2.000 - - 1.000 1.000 . .. . 1.000 1.000
SL - - - - -- -- -- -- - - -

16C 1.000 4.000 0.O00 0.000 0.333 0.333 1...0. 1.00 I.000 -- --
M1 - - -- -- 1.000 1.000 .. . .. .. .. 1.000 1.000
TOrTAL 1.000 .4-000 0.333 0.s~T 1.000 1.000 1.000 1.000 - .000 1.000 0.000 o.ooo

cHI-SiKMEA - 3.441 i9d.f - 1. alpha - .0r.11

35-40 CI--SaItmU IALUCS
SFO2 a TEST PERIOOS

Raw. HF & Rtaw lI
- -- S2.65? .671-- --- * --2.6 --SlI

-- :1.206. 2.000
- --- 2.000 2.000

-- -- I .0F 6.421



TableOS3. In~dian Poin.t hamrsor test "onito.-inq usnig 61412 d* -e.hovizonital, transgducer locatod at unit 3. intake 3r.

Tidal Mov4e: 12.5 twon before
high tid,

Dratlone of Tent: 20 -in, we 1.263 rest catwo
Tr~otftent Tq~pos 20 nec on, 20 nec off rest Tinw.:

2a 1/08
1339

10 mNUYEs iJRING TEST P2ER00

0-5 5-1o0 10-15 1S-20 20-2S 25-30 30-35 35-40
Trace ------ -- -- ----- ----
Type Ram uS Rawe IW ReI. MF Rame U15 Lam.- MF RaU UF Ram MF Ram. P I

LS- 1 4 a 4 0 0 2 2 1 1 0 0 0 0 0 0

S.. 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0a

MC 1 4 0 0 2 2 1 1 0 0 I I 1 0 0

Uu 0 a 0 0 a 0 0 0 0 0 0 a 0 0 0 0

Total 2 a 2 4 2 2 1 3 1 1 1 1 "2 2 0 01

10 "II U T E S A FT E R T ES T P MEI lOc

WAIE9 <(mtervs)

0-5 S-10 10-IS 19-20 20-25 2S-30 30-35 3;--40

Type Ram LW R&ae MT RIa MT Ram" S RUs" MF Ra. MT &a.. MT Rau W" 9

Total
Rt.o. MV

6 11

6 9

0 0

13 21

Total

Ram MT

LS

SL

NC

Total

0 0

0 0

0 0

0 0
o 0

0 0

0 0

0 0

0 0

0 0

a 0

0 0

0 0

0 0

0 0

1 1 0 0

1 1 0 0

a £ 0 0
0 0 1 £

3 3 1 1

IS-20 20-25

n4M M Rase MF
2 2 1 1
1 1 0 0
1 1 0 0
0 0 a 1
3 3 1 a

0 0 0 0' 0 0: 1 1

0 0 0 0 0 -- 0 I 1 1
I

5, 1 1 1 0 .'.0 1 4 3

0 0 0 0 0 0 1 1

2 1 1 1 O0 0 1 " ,

CHI -SQUANRE F-HAr
2s-30 30-3s 3S-40 FOR 2 TEST PERIOS

*ae. MT Ra e MTF Ram MF I REa WV
0 a 0 0 0 01 4 B
0 0 a 1 0 01 1 1
2 1 1 1 0 0 5 a
0 0 0 0 a 0 1 1
2 1 2 2 0 a 10 1.4

CHI--SQUARU
F--ftr 0-5 5-1O 10-1-

Ram. iF Rlmn MT RaM. MF
LS I , 1 2 0 0
SL a 0 a 0 0
H1 2 0 0 1 1
wu 0 0 0 0 0 0
ToTmL. 1- 1 2 a 1

cm] -- OIIN
U[%.UES 0-S S-10 10-15 15-20 20-25 25-30 30-35

*ae. MT Rash &W Raue MT R4ae. Sw *ae. MV Rae. MT *0. "
LS 1.000 4.000 2.000 4.000 - - 0.333 0.333 1.000 1.000 -. .. -
SL .. . .. .. .. .. 1.000 1.000 - - - - 1.000 .000
MIC 1.000 4.000 2 - 2.000 2.000 0.000 0.000 - -- 0.333 0.000 0.000 0.000

.. .. .. - - - . I.000 1.000 -. .. . .
r#.rnL 2.o00 8.000 2.000 4.000 2.0o0 2.000 0.000 0.000 0.000 0.000 0.333 0.000 0.333 0.333

CISI-SOMEE - 3.6-41 (d.f. - 1. alpha - .06)•

33-40IO CHI -SQUARE VALUES
Vrok 2 TEST PEkiODS

Ram WV I Rae. MT
. .- : 3.ST91 0.333

1-- i0.000 0.000
.. .. S 0.400 3.000

---- : 1.000 £.000
--- 1 1.00 ..333



Tab1e D64. In~dian Poive, ha..,..r test .eoeitaring using &w14i de~rev
horizontal transducer located -at unit 39 intake 3u

Tidal Phase: I hr after Ouw-ation of rest: 10 $*1in, hiss 1.263 rest flat.: 2.'l0S
high tide Treatsent T-ije 20 sec on, S0 soc off Test rioe: 1355i n s n n s • lile Il• i n a a f s fnli ndlllllmlglln s a a 1 a a . S fl 5S•i~~m m i n flfl SSa~ m ~ flflfib l b f 4l S Sll111llllS Sl~l

to m•NalES mlmin0 rasy PE5*oD
ROMEo Cftoters

Traceo

LS 2 7

St. 0 0

NC 1 4

M•u 0 0

Total 3 11

5-10 10-19 1--20 20-25

Rtm &W Ram. MF Ra MV Reau MF

1 2 0 a 0 0 0 0

0 0 0 0 0 0 0 0

0 0 a 0 0 0 a a

0 0 0 0 0 0 0 0

1 2 0 0 0 0 0 0

25'-30

Rasa MU

2 1

0 0

0 0

a 0

8 1

10 NINUTiS AFTEQ TEST PER IOD

30-55 35-40 Total

Rau. SIF RtA. SW : Ratm M'

0 0 a 0 a 5 tO

0 0 0 0 : 0 0

o 1 1 0 2 4

0 0 0 0 1 0 0
0 0 2 0 1 0 14

0-3 S-40 Total

Rat. Ur Rabs UV 2 Mass bw
1 1 0a 4 4

0 0 0 0 3 1 4

0 0 0 0 2 5

0 0 0 0 1 A

I 1 1 0 1 U 14

R0*OE <(ators>)

O-S

LS 0 0

NC 1 4

U11 0 0

Total 2 a

5- 10 10-15S

Rau SW Ra•Re lW

o a 0 0

0 0 0 0

0 0 1 1

1 2 1 1

1S-20

Rae2
1 1

0 0

I I

0 0

2 2

20-2S

Raom UF
0 a

0 a

0 0

o a

0 0

2S-30

0 0

O 0

0 0

0 a

0 a

CHII -SQUARE CMHI-SOUA*E F-HfUF-e•AT 0-5 5-10 10-15 15-20 20-25 2S-30 30-35 35-40 IO* 2 rEST PERIlOS

ta.s w Rau e F iP Rau lF Mass U& Rau w Raw. lip Rau. wIP R4at.u lIP Stel FL$ 1 4 1 2 0 0 1 1 0 0 1 1 1 1 1 0a 5 7SL. 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 I 2NC 1 4 0 0 0 a I 1 0 0 0 0 0 0 1 0a 2 5Sl 0 0 0 0 1 1 0 , 0 0 0 0 0 a 0 0 1 1TOTAL 3 10 1 2 t 1 1 1 0 0 1 a 1 1 2 O S 14

VAALUS 0-5 S-10 10-IS IS-20 20-2s 25-30 30-35 35--40 CI[K-SOLtME ULLILSS-:FOR 2 TEST PERKiOS

Re" SI Rat. - &W Ras. a R. n I" Ram MF Roe. mr Rau UP RIt& UP 3 Ra. UPLS 2.000 7.000 0.000 0.000 -- - 1.000 1.000 -- - 2.0010 1.000 L.000 1.000 0.000 - 1 0.400 1.S7151- 1.000 4.000 -- -- . ... .-- -- ...- -- S 1.000 4.000
NC 0.0300 0.0.00 - - 1.000 1.000 .. ... ... . 1.00" -- 5 0.000 *.111SA .- - 1.000 1.000 . .. .. ..- -- -- 1.000 3.000TOTAL 0.200 0.4r4 0.000 0.000 1.000 1.000 2.000 2.000 - - 2.000 1.000 1.000 1.000 0.333 -- I 0.000 0.000

ENI-SOUEE -, 3-.41 • d.f. - 1. alpha - .015)



ra.b1e 051. Indian Point ha.uir test monitoring uslng,6Mw2 degree
horizontal tvansducte- I ocateod at unit 3, intake S

Tidal Phases 2 he- after
high ti"

Duration of Tast: 10 "1". hers 1,243 Test Data.
Tre"•ltent Tejp.t 20 sec on, 40 soc off Test Ties*:

2f 1,',00
1415

LO ..NU ..S .URI .EST. PE.IOO

mROME <mtors>

0-5 5-10 LO- 1 15-20 20-25 215-30 30-3S 35-40Tr-acw ---- - - -- - - - - - -

rupe ERos M wau"e UT Rau W, Rau wV RAU s ROME Mf Rasa iT 1as 1W R

LS 0 0 0 0 . a 0 1 1 0 0 0 0 1 1 0 0.

SL 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 a 0

1:. 0 0 0 0 0 a a- 0 0 0 0 0 0 a 0 0.

U0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 a

Tt4tal 0 0 a 0 0 0 1 1 0 0 0 a 1 1 0 O :

LO nIIUTES EFTER TEST PERZ 00

RNGE Coeters)r

0-50- 20-2S 25-30 30-S "35-40
Trace---- --
Twe Raseu. U Mas U" Ra W MRom Ea sa MVF ae"e M REaue MF tas,. V I

LS 0 0 0 0 0 0. 0 0 a 0 1 1 2 1 1 0

S. 0 0. 0 0 0 0 0 0 1 1 0 0 0 0 0 01

NC: 1 4 0 0 0 .0 a 0 0 0 0 0 0 0 0 0 "

Mu 0' O •0 0 0 0 0 0 0 .0 0 0 .. 0 0 0 .

Total 1 4 0 0 0 0. 0 0 1 1 1 1 2 1 1 0 z

Total

Raba MF

2 2
O 0o

0 0

0 0

2 2

Total

,4 2

0 0
1 4

o 0

r6 "

ct-SOUNME -CII --S•J•RE F-HAT
F-40AT 0-5 5-10 10-15 15-20 20-25 . 25-30 30-35 3s-40 FOR 2 TEST PERrODS

Raew U Ease Ut Eas M* Ease Rau Uas no Ea Raa ase MF Raue UT Ra REAs UF
LS 0 0. 0 0 0 0 1 a 0 a 1 I- 2 1 0 * 3 2
SL. 0 O 0 0 0 0 0 0 0 1 0 0 0 0 0 0 a a 1
NC 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -0 I 2+
11 0 0 0 0 0 0 0 0 0 0 0 0 S 0 0 01 0 0
TcsTAL 1 2 0 0 0 0 1 1 1 1 1 1 2 1 r1 0 1 4 5

CMI -SOAXME
WILUES " --S S-10

REaw Ur Ease U"
St. - . ... ..
SI.: --42 -.O3 -- ---
Nc" 1.000 4.000 - --

TOrTAL 1.000 4.000 - -

10-15 15-20 20-25. 25-30 30-39 35-40 CHI-SU•me UMALUES-------- SPO 2 TEST PERIODS
Rease UT Ras MT ItEa M RM4 1Es M Rase 1Ra Rase IIF R E•s U

.- - .000 1.000 . .-- 1.000 1.000 0.333 0.000 1.000 - 0 . 4 0.667 l.000
. . . . 11.000 1.000 - -- 1.000 2.000

.. ... ... ... .... . ....- -- .-. 0I 0 4.000

-- 0 1.00 1.000 .1.000 1.000 1.000 1.000 0.333 0.000 1.000 --- : .000 2.77o

CII-SUWE - 341 cd.f. - 1. alpba - .)



roblo 056. Indian Point hewewr test monitor-ing using 6m112 doroehor-izontal traiiaducoi- located at unmit 3. AIntake 3.

Tidal Phases at high tide Dwation of Test: 10 min, hnr 3 onlV Test Daest
Tre&abmot Twop: 20 set on, 20 sac off resot TIOe

2ov0W66,oats
M -.-fl 00nm .. ........... .................... lmmm. .l m .l b ..0 IiINUTES BEFORE TEST PER1OC

RfOK Ceiters)

0-9 S-10 to-is is-tO 20-25 2S-30 30-3- 35-40
Ram Rw 11u te MF 1 Raw up Rau WV•RMe. WV Ra" w Rae Mi Ram Ur I

L& 0 0 0 0 2 2 1 £ i I i 1 1 1 0 0: I
SL 0 0 0 0 a a a a 0- a 0 a a 0 0 0:

NC 3 1:1 a a 0 0 0 0 0 0 0 a O 0 0 0"
aa. O a a 0 a 0 0. 0 0 0 a o O 0 0 0

T4al 3 Is* 0 0 2 2 1 1 1 1 $ 1 1 1 0 0 8
v0 MINUTES mDIimO TEST PEcRioD

0-5 5-10 10-t5 1S-20 20-25 25-30 30-3 35-40
Tp* Rau, WF Rom UF Row UP Ram 1F *am a F WRam MF Ram MF Rau MV 3
Li 1 4 0 0 1 1 0 0 ' I I 1 1 0 0 0:

1,. 0 ,4 0 0 0 1 0 0 0 a 0 a a aO I
aC a a 0a a a 1 0 0 0 0 0 0 0Wl. 0t 0 0 0 0 0 0 0 O 0 0 0 0 0 0 O -

Ta, a " 0 2 2 2 -2 a 1 1 a I I 0 01

.J 1ZN'JTIS AFTER TEST FERIOr

0-s 5-10 1.0-15 15-20 20-Is a

T11e R 117 Re .m Raw 1417 Ram 1*" Ram 6W Rau Wr Rau SW Row IWI a
l. 0 a z 4 a 0 1 1 2 2 1 1 0 0 0 O
S1 0 0 1 2 a 0 0 0 0 0 0 a a 0 0 03

Nw a 4 a 0 O 0 0 0 0 0 2 1 0 0 0 01

.0 a 0 . 0 0 a 0 0 0 a 0 0 0 0a-------.---------------------------------------------

Total

Ram bw
6 6

0 0
3" 11

0 ii

5 1?

tot.:

S 0

2 2

2 5

0 0

9 Is

C19 -SOURRE
F4T 0-5 - 5-10 10-1 i 1s-20 2O-25 25-:00 30-3

IRa..M WV Raw W RUa. R a Ram W1 Raa u*7 Ra UP Raw 1F
LE 0 1 1 1 1 1 1 1 1 1 1 1 1 1St 0 0 0 1 0 0 0 0 a a O 0 0 0"C a 6 a 0 0 0 0 0 0 0 1 0 0 014 0 0 0 0 0 0 0 0 0 0 0 0 0 0rtIrmL 2 0 a 2 2 2 1 1 1 i 1 i I I
CK -SaUM 0~ -S 5 -10 10-tS 15-20 20-25 25-30 30-3

Ru t- Ram.. U raw WV Raw Ow RM4 M Rai up RauLe -- t2.000 2.000 12.000 2.000 2.000 0.000 0.000 2.000 2.000 0.000 0.000 0.00 0.000SL . .-- 2.000 -- - -- - -- - -- - -- -
N~c 0.500 G.50 - - - -- - - 2.000 --
15. 0.- --s -- -- _-- -- -- - - - - - -

TITA.. 1.000 2.126 6.000 12.000 --0.500 -0.5m 2.000 2.000 2.000 z.00 0.600 *.0 0.000 0.0O0

CHI-SOLMRK - S.9111 C4.f. - 2, alpha - OS)-

0 0
0 0
0 010 01

Rau5-p40
Raid MV

R,,I -WF I

Tote1

1 2

3 S
a 1

11 16

Ct4Z-SmURRE F-HAT
FOR 3 VEST PERIODS

S 7
1 1
3 7
0 0

CI l-SmIARE VALUES
rom s TEST PERa05os

Ra&# UF
-0.3 1. 429

2.000 4.000
--. , ? 3.42s

~-0.roo 0.122



Table DST. In~dian point tamp~eor test rmnitoring using Go412 d*ce
hor-izontal transducer located at u-At 3, ln-t-k. 3S.

Tidal Phase: At high tide Duration of test; 10 "in, hwi 3 only~ Toot oat*:
rreatwevet TIpet 20 sec on. 40 see off Test tiwel

2f2OfG9
0035

......... .... mB..-iN isimi"

10" hlrNJTES WRING TEST PERIOD
ROMAI Cetwrs)

T-c - -10 -!:-?- 19-10 20-2S 25-30 30-10S 3S-40

Ty" Ram UP Ra e. F IVRa. UP Rau M ae u Ram kil Rae MF Ram. MF 2

LS 2 7 0 0 a 2 a 2 4 3 0 0 0 0 a 0:

SL a a a a 0 0 0 a 0 0 0 0 0 a 0a

,C 2 7 2 4 0 0 0 0 1 1- 1 1 0 0 0 01

UU 0 0 1 a 0 0 0 0 a. 0 0 0 0 0 a,

Total 4 14 3 6 a 2 a a, 5 4 L 1 0 0 0 0a

10 nlImTES raTER TEST PERIOD
RANGE (Owters)

0-- 5-10 10-i5 15-20 *0--5 2S-30 30-3- 3S-40
Trace ----
Type* Rau. UF Ram miV Rau. am Ra. ISV Rae. 1F Rae 6I1 Rams IF Rae. IMV

LS 0 a a 0 I 11 1 1 0 0 0 0 0 0 0 0 :

SL 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0

PC 1 4 0 0 0 0 0 0 1 1 0 0 0 0 1 0 1
MM 2 7 3 a 0 0 0 0 0 0 0 0 0 0 0 03

Total 3 11 4 a 1 I I 1 IL I 0 0 0 0 1 0a

Total

Rau. UV

10 64

0 0

6 13

1 2

Total

Rae.m 1S

2 2

1 2

3 5

S 13

11 92

CHI -$SQURU
F-HAT

LS
SL
"C
"m
rOtre

0-5 5-10 to-is

Rame IF Raw 141 Rae. UF
1. 4 0 0 2 2
0 0 1 1 0 0
2 6 1 2 0 a
1 4 2 4 0 0
4 13 4 7 2 2

CHI-SWSRRE F-MRt
s-to **0-as 25-30 30-35 35-40 FOR 2 TEST PER.IODS

Rau twM Ram MV Rau, V R a" MF Raeu MV g Rae, sw
2 2 2 2 0 0 0 0 0 01 5 0
0 0 0 0 0 0 0 0 0 0 : 1 1
0 0 1 1 1 1 0 0 1 0 1 S
0 0 0 a 0 0 0 0 0 0a 3 U
2 2 3 3 a 1 0 0 1 0 1 14 26

CMI --SOUR
UMLLUES 0-5 5-10 10-15 15-20 20-25 25-30

Raeu M Rau up Raw M RAM Rats" Iw Ra4 OF
LS 2.000 r.000 .. .. 0.3"3 0.33 0.33S 0.333 4.000 3.000 ---
SL .. .. 1.000 2.000 .. .... .... .... ..
"C 0.333 0.016 2.000 4.000 .. .. .. . 0.000 0.000 1.000 1.000
U"S 2.000 V. 000 1.000 2.000 .. .. .. . .. .. -
TOTAL 0.143 0.3,0 014. 04 .6 0.2333 0 0." 0.3,2 2, 0.333 3.66,4 1.000 1.000 1.000

CI4-S0MRME - 3.041 Cd.f. - 1. alpha - .0")

30-35R

Ra. -I.

35-40 CHI -SQUARU SJALUES
WTOR 2 TEST PERIODS

Ram Ur I Rae. UF

.. ..- 2 1.000 2.000
1.000 -- 5 1.000' 3.56

-- -- 2 2.a6 8.06?
1.000 -- 1.*0 0.61



Tabi. D58. Indion Point hammer test nonitov1ng using Sm.12 fqv
horizontal transducer I ecatq* at uini t 3, i ntaek 35

114dal Phase * 30 minp after
high tide

Duration of Test2 10 min, hw 31 onlo¢ fast DOtea
. Treatment Ty;2eo n. ee 20 Sc off feot Ti.e

Zf20*80
0053

S a ~flSfle.n an .. fl anfla ~aa ~*nnsana ann a naflaoaa .*es ainfln
1O mIIWES OuRIINO TEST P5e2o0

R*NE Cmaters)

TVP+

LS

SL.

NC
NU

0-5

Raui NT

o 0

0 0

4 15

o a

5-10 10-iS 19-20

Raw UF Raw Ur Rm.. SW

o 0 0 0 3 3

O 0 0 0 a

2 4 3 4 0 0

0 0 0 0 0 0
2 4 3 4 3 3

20-25 25-30 30-35

Ram' Raue W1 ftau UP

I I L 1 0 0

o 0 0 0 0

0 0 0 0 0 0

0 a 0 -0 0
I I a . a

Re". UP R40i4 UT
- ---l -" - - --- -

0 01 0 0
0 0 0 0 3

0 a 0 0 0

O 0 : 14 26Total 4 is

10 nrbwll•Es nFTtE rsES PERI•O
RANGE owetors)

0-5 5-10o 10- IS 15-20 20-25 23-30 3)0-5 35S:S-40 Total
Trace -- 2-:15 --- !-!-02S2-0----- -3S4 oti
Tlup Rom NT Ram 6w Rau UP Re' . N Rom Ulr Rau Ur Rem N4V Ram UP I RaIm N

I
ILS 0 a 3 4 O. 01 I 0 O I 6

"C 3 it I a I 1 O 0 a 0 0 0 0 0 0 0 0 14

0---- 0 a 0 0 0 a 0 0 0 0 0 a 0 a: 0 a

Totit 3 11 S 6• 12 24

CNI-mS0U 5-10 10-15 CHI -S4QURK F-HAT
F--ST 1--20 20-25 23-30 30--5 35-40 FOR a TEST PERIOD0

Ra'.a NP R.. NV R. 14 Re. iW RI. M Rau I Re UT Re. w 3 Rau NT

LS 0 0 1 2 2 2 2 2 a 1 1 1 a 1 0 03 6 7
SL 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 : 1 1
mC 4 13 2 3 2 3 0 0 0 0 0 0 0 0 0 0a 7 11
m" 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 02 0 0
TOTML 4 13 3 5 4 5 2 2 1 1 1 0 1 1 0 01 13 26.

cII-SGUIME
UIhLUES 0-5 5-10 10-15 I-20 20-29 23-30 30-3s

Re'. UT RAM. 1w Raid UP Re". UT Pau. NP Raw NV Rto" bV
LS -- - 2.000 4.000 3.000 4.000 3.000 3.000 1.000 1.000 1.000 1.000 1.000 1.0o0
SI. .- -- 1.000 1.000 -.- - -- - -- --

OC 0. 143 0.6 1 3 , 0.333 ."T 1.000 1.000 .. .. . .. ... ..
1, - - -... . - - -- - -.. ... .. ... --
TOTrL . O.143 0.1s 0.200 0.400 0.50 0.400 3.000 3.000 1.000 1.000 1.000 1.000 1.000 1.000

CbI-SOIRE - 3.041 <d.f. - 1. a% ph& - .03"

3S-40 CHz -SqUARE UfILUES
IlOR 2 rEST PERIGOS

Raom UT I Rau* MF
1- 0 0901 1.143
1- -- $ .000) L.000

.. -. •1 1.14" 2.141
S- -- I O --

- 0.15.4 0.308



Table 055. Indian Point hemmer test monitor-Ing using 6,412 degree
horilzontal transducer Located at uni t 3, intake 35.

Tidal Phase: 2.S hrs before Duration of Test: 10 win. 9twr 3 only rist oat*:
low tid* Treatment TUpe: 30 svc onp 30 sac off rest VAw0Z

2f2Of8G
0445

10 MINUTES BEFORE lT1[ PERIOD
R11NOE (wteters>

0-6 5-10 10-15 ts-20 20-25 25-30 30-35 35-40
Trace
Type Raw W Ram r i Rau UP Rau w r RaW .T Raw V Its" • Rau Mir

LS 0 0 0 0 0 0 4 4 S a &4 6 4 a 1 40

SL 0 0 0 0 0 0 0 0 0 a 0 0 0 0 02

MC 1i 4 1 2 a 0 a 0 0 0 L 1 0 0 0 0 :

MW 0 0 0 0 0 0 0 0 0 0 0 0' 0 0 0 0 3

Total. 1 4 1 2 0 0 4 4 S £ is 9 4 2 1 02

10 III UTES DURHNO TEST PERI OD RANlGE (waeters)

T-s srao tO-1s 15-20 20-25 25-30 30-3s 3S-40Trace -

tyjpe Ralw &W et"r Raw WV Ra- Mi Rw mi- Raw ;a Raw - R-- --- Raw i. I

LS 0 0 a 4 12 14 6 " 13 i0 to I1 4 2 4 2

SL 0 0 0 0 0 0 0 a 0 0 0 0 0 0 0 0 I
I

MC 1 4 1 2 1 a 1 I I 1 0 0 t 1 0 0 4

Wii4 0 0 0 0 0 0 0 0 0 a 0 0 0 0 0 0:

Total 1 4 3 S 13 i• 5 0 14- is i ILI S 3 4 a I

10 MINUTES AFTER TEST PIRIOo RtAN0E (w•etera)

O-S S-10 10-IS 113-0 * 20-26 23-30 30-41 35-40

Type Raw MV Raw MV Raw MV Raw MV Raw MV Raw MV QSaA WF naw 6W a

L.S 0 0 3 1 i 1 3 2 S 4 12 7 7 4 1 01

SL 0 0 1 a 0 0 0 0 0 0 0 0 0 0 1 0 3

NC 0 0 0 0 1 1 2 2 3 2 3 2 0 0 0 0 I

am 0 0 a 0 0 0 0 0 0 0 0 0 a 0 0 01

Total 0 0 4 7 4 4 8 1S i v 4 2 0a

Total

Raw Ur

31 20.

0 0

3 7

0 0

34 27

Total

Rau. MV

41 so

0 0

* to

0 0

6T so

Total

Raw lI

2 2

9 7
0 *0

,44. 30

CHI -SOUARE cN--SOUtRE F-mNT
F-HRT 0-3 5-10 . 10-1S 15-20 20-25 2s-"3 30-33 35-40 FOR 3 TEST PERIODS

Rau uV R*a WF- au W Raw L R*a UP Ra" UF Raw MF Raw" F a Raw MT
LS 0 0 2 "3 6. 7 S 4 7 iS 9 s 3 2 11 42 33
SL 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 01 2. 1
MCt & 2 1 1 1 11 0.1 0 0 0- 00: !
"M 0 0 0 a a 0 0 0 0 0 a 0 0 0 0 a I 0 0
TOTAL 1 3 1 S tO7 a SO 0 'Let. 10 ' 03 20 1 4 41

CHI -SQUARE
UALUES O-S 5-10 10-IS 15-20 20-25 25-30 30-3S

Raw4 MF Raw4 M R~aw 1 Raw* r Raw M" Raw M Rau MT
LS .. .. 1.300 7.333 1.1.0 13.1 .40 2.000 4.210 2.6r.4 1.714 0.26• 0.000 1.200 0.000
SL .. .. .-- 2.000 -- -- --... ... .... .
mC 0.000 2.14? 0.000 4.000 0.000 0.000 2.000 2.000 G.000 2.000 &.000 2.000 .. ..

TOTAL 0.000 2.5?" O.04? 4.eO0 15 .11 r1.143 1.033 3..200 2.400 1.125 0*.3" -0.700 2.000 O.547

C14-Saq.RE - S.991 <d.f. - 2. alpha - .05)>

3S--40 NC4I-SOURRC UVLUES
:FOR 3 TESt PeaIOiS

Raw M= a Raw up
3.000 2.000 113.443 14.364

.. .. 3 2.000 2.000
- - : 3.000 O.75O

.SO0 2.000 11.300 15.090



Table 040. lIndian Point hamawr test ueonitor-n si n 6.e2 dre
hoeigontal transaducer locat&d at unt 3. intake 35

tidal phase: 2 he-u bofome
lo1w tide

Duration of Testt 10 vin. he D ewlnl Test Date:
Trestfewnt Type: s0 see on, 40 soc off feet tin.1

2/20oee
0603S

10 MINUTES; oumiwoR• rc PERIO0

0-5 S-10 10-15 15-20 20-I5 2S-30 30-3s 35-40

tiw RaW UIp Raw 64F Ram U Ram MV Ram up Ram MV Ram MU Ram UP

LS 00 0 3 3 1 r 9 S 3 2 1 2

SL 0 0 a 2 2 0 0 0 a a 0 0 0 0 a0

KC 0 0 2 4 2 a 3 3 2 2 2 1 1 1 1 01

Um 0 0 1 2 3 4 1 1 0 0 0 0 0 0 0 0

votel 0. 0 6 T a r7 7 is •9 is 6 4 3 3 1

10 MImurFs AFTER Esr PURIGto
RAIME (utwero)

O-S 5-tO 10-is 15-20 20-2S 25-30 SO-3S 3S-40
Trace ------- ---- ---

TUpw Raw u Ra Ito Rr Rd" Raw. R Rma UPF uP W Rawu P Rawa UP I

LS 1 4 0 0 4 3 4 4 7 5 10 a _3 2

SL 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 a

NC 0 0 1 a a 1 0 0 1 1 2 1 0 0 0 01

Mm 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 01

Total 1 4 1 a S a 5 S 6 6 12 r 3 a 2 32

-Total

Ra~w MV

2 2

93 13

S 7

44 40

Total

I I
* S

O 0

27 E33

CHI -SQUmE CHIl-SQUARE F-HA•
F-htY O-S S--10 1o-15 5s-to 20-2 25-2o 0-25 35-40 FOR 2 TEST PERIODOS

wa V Rw M a ;&6 -Raw MV it. 1P Raw MV Rasa MF Raw aP Rame MP
LS 1 2 0 0 2 3 4 4 v 6 10 6 3 2 2 1: 2a 23
SL 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 02 2 2
HC 0 0 2 1 a 2 2 2 a 2 2 £ 1 1 1 ai 9 9
UM 0 0 1 1 2 2 1 1 0 0 0 0 0 0 0 0l 3 4
TOTAL 9 2 a 4 6 r 6 6 10 a 12 7 4 3 3 11 t 42 37

CHI SGUmvI[
U&fIMS 0-5 S-10 10-9s 15-20 20-25 25-30 30-35 3S-40 CHI-SQUARE URLUES

--- -- -IFOR 2 TEST PERIODS
Rau MV Raw MV Re" MP Raom UP Raw NV Raw UP Raw4 MV Raw MV t Raw MP

LS 1.000 4.000 .. .. 4.000 5.000 0.143 0.143 0.250 0.333 0.053 0.091 0.000 0.000 0.000 0.000 a 0.4" 1.600
SL .. .. .. . 2.000 2.000 1.000 1.000 i 0.333 0.333
mc -- - 0.333 0.44? 0.3WO 0.333 3.000 3.000 0.3"3 0.33 0.00 0.000 1.000 1.010 1.000 : 3.SS 3.556
Um --. -- 1.000 2.000 3.000 4.000 1.000 1.000 .. . . .-. - . . . . 5 r000 .o00
ForT 1.000 4.000 1.0001 2.000 0.333 0.206 0-332 0.233 o.474 0.600 0.04S 0.o7r 0.&43 o.2O0 0.200 0.000 1 0.976. 0.671

CHI-SOURRE " 3.041 (d.f. a to alpha - o0w



T able 051 * Ini ~ian Point havner test moni tori ng using Gt 12 degree
horizontal tr-ansducer- located at un~t t, ýIntake 35

Tidal Phase. 1.S hrs before
lou tide

Duration of rest: 10 n"n, hfr 3 onti rosut oat*%
Treatwdnt TUpe: 40 s.C on. •0 sc off Test riali

0252J
mm~~~~~~~ ~~~~~~~~~~~~~~~~~~ .ml .me lll~ .l . . .uml~ m ~ u . .mmn/llt .t~|llW~ltl mu .al mlu alsw .sl . .tu. . .t .m . . .

1o mnhWe'rs OURING TEST PERIOD
RRHM (weters)

-. 0-5 5-10 LO- 15 15-20 20-2s 25-30 30-3s 35-40 Total

Type Rau MiF stow l Rau 1= Rau MV Ram: MVF Fte. MV Ra.. MF Ratu MVF m at=- wV

LS 0 0 0 0 S 10 4 4 1o 0 20 12 r 4 3 [1. 52 31
I:

SL a 0 0 0 a 0 0 0 0 0 0 0 0 0 0 0 0 0

MC 1 4 0 0 a 1 4 4 a 1 1 1 0 0 0 0 0 I It

oM 0 0 0 0 0 0 0 0 0 0 .0 0 0 0 0 a3 0 0

Tota1 1 4 0 0 11 S 8 11 2 21 13 7 4 3 a S G0 s0

to MINUTEs AnFTER TEST P.tIOD

O-S 5-10 10-15 1"-20 20-25 25-30 30-35 35-40 Total

TyPe ga" UF ROL# M Rau M6W RNI W" Rau 6w Ron4 MVft I &W Raw a S Ratm SW

LS 1 4 2 4 9 11 11 1o 13 10 14 0 4 2 2 1 £ 55 50

SL 0 0 0 0 0 0 0 0 0 0 -0 0 0 0 0 0: 0 0

MC 1 4 2 4 1 1 1 1 1 1 1 1 0 0 1. 09 S 12

aM 0 0. 0 0 0 0 0 0 0 0 0 a 0 0 0 0- 0 0-

rot&& a 4 10 12 12 11 14 I1 15 9 4 2 3 1 3 54 62

CHI -SOUARE CHi-SSJAsRe F-HAT
F-HAT 0-5 5-10 10--5 1s-to - - 25-30 - 30-35 3S-40 FOR 2 TEST PERIODS

Rat. r stRol Mr Ram UF Ram ir Rt. 6w Rat MVF Ri4 MUF Rao MV Ram. MF
LS 1 2 1 2 S 11 0 V 12 9 1T 10 6 3 3 1 54 4S
5L 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
"C 1 4 1 2 1 1 3 3 1 1 1 1 0 0 I 0 0 0 12

0 0 a 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TOIm- 2 a 2 4 10 12 10 10 1) 10 to is a 3 3 1a 52 5e

CHI-SQURPE
AULMLUS 0-5 5-10 10-is 15-20 20-25 25-30 30-35 35--40 CH14-SUARE URLUES

..... - ...-- -FOE 2 TEST PERIODS
Ram M" RoM MF Raul MV RaM4 t MV Ram Ur on4 MV Ram M1 tat. t I RamRa MV

LS 1.000 4.000 2.000 4.000 0.059 0.040 3-25? 2.51 0.3"1 0.22= 1.059 0.000 0.10 0.55? 0.200 0.000 a 0.14 1. 360
SL -- -- -- -- -- -- --.. .. . -- ... .. - -. .
NC 0.000 0.000 2.000 4.000 0.000 0.000 1.800 1.000 0.000 0.000 0.000 0.000 - - 1.000 - 0.000 0.043

TOTrA. 0..333 1.333 4•.000 -8.000 0.053 0.043 0.600 0.474 0.3•0 0.200 L.000 0.727? 0.81 o.55? o.o00 0.000 0.12iv 1.20&

CHI-SCUeItE - 3.041 Cd.f. a 1. alpha a .05)



Table 062. Indian Point han...r test .tonlto.-tng using 6ma.1d
borizontaL trasisducor located -at unit 3. .nta.. 31r

Tidal Phase I I hr befet-a
10o4 tide

ouration of Yeahl to voin. h9w 3 on T Tt Date:Tr~atg..nt TMP*: 40 .ec 0". 30 so.: en ret Tin..
21204#06
0545

.............. n ... n. i......
1o in]NUTES CURING TEST P•tiio

RAIME <itwrm>

T-r a-0 !a- 1s S-20 20-25 25-30 30-39 36-40 ...Total

rip. itam UF Itm UP• om W kan MF Mau MV Rau URan& aP R&Ma F U I Ma" UP

LS a 0 1 2 9 11 S 5 3 2 5 3 4 2 1 01 20 .25

SL. 0 0 0 0- 0 0 0 0 1 1 a 0 0 0 0 1 1 1

mC 1 4 1 2 1 • 1 1 1 & 0 0 I 1 0 a: 110
1

umd 0 0 0 a 0 a a 0 0 0 1 1 0 a 0 a I I

Sotal 1 4 1 4 10 12 a 6 S 4 6 4 5 3 1 02 36 3?

o nmimTes FwTTER TEST PErICO

RM40E C.. toa)

T0-5 5-10 10-15 15-20 20-25 25-30 30-3 3S-.40 Total

Tyipe Rn UP Rtam UP Rom UF Ran UP Re" Pr Rau UP Rta uF Rau MF 1 Ran UP

LS a 0 0 0 7 0 4 4 3 2 6 4 2 3 3 1: 29 22I
SL 0 a I a 0 0 1 1 0 0 0 0 a 1 0 a 1 2 3

NC A 4 1 2 1 1 1 1 1 1 1 2 0 0 0 0 6 1Q

Um 0 a 0 0 0 0 0 0 O 0 0 0 0 a 0 12 0 0

Total a 4 2 4 a 9 a • 4 3 r 5 6 3 3 1 I 3r 35

CHI -SQUWI CHU -S1•1RE F-HST
F-HAT 0-5 S o -1 10-IS i5-t0 no-as 25-30 30-55 39-40 ORt 2 TEST PERIODS

tam UP Itan 16P Ito Mr Rtan l to" ' Raw M Ito M4 Romu IF B Ra4 MF
LS a0 0 1 8 10 5 5 3 2 6 l S 3 a I 1 2 24
SL 0 0 1 I a 0 I 1 t 1 0 0 0 0 0 012 2 2
HC a 4 1 2 a 1 1 1 1 1 1 1 1 1 0 0 : 6 10
MU 0 0 0 0 0 0 0 0 0 a I 1 0 0 0 0 2 - I I

TOMiL. & 4 2 4 9 I 6 6 S .4 7 S 6 3 2 11 3? 36

CHI -SQUARE
VALUES 0-S 5-10 to-IS 15-2o 20-2a 25-30 30-35 35-40 CHI -SWUARE VALUES

-- .... :FOR 2 TEST PERIODS
Rtam SW $tan U Ran& Ram ta U4P I6a4 U Rae UP *an4 M Raa UP I Ra4 I MF

LS .. .. 1.000 2.000 0.250 O.4i4 0.111 0.:1i 0.000 0.000 0.091 0.143 0.400 0.200 1.000 1.000 1 0.010 0.1.1
SL -- - 1.000 2.0. -- 1.000 1000 1.000 1.000 .. - 0.333 1.000
HC 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000 1.000 1.000 1.000 - - z 0.000 0.000)
m" . .. .. .. .. .. .. ."- - 1.000 .00 -- -.. ... . I 1.0002 1.000
TOTAL. 0.000 0.005 0.000 0.000 0.a22 0.;21 0.3000 0.000 02.1L1 o.13 02.0?T O.111 OO.1t 0.00 1.000 1.00o 1 012,014 a.056

CIII-SOGURE " 3.041 cd.f. a t, alpha - .0")



Table D063. Indian Point harmer test nonitorlng using 6.N12 defr..hori zontal trAnsducer l ocaetd at urni t 3. intake 35.

Tidal Phaese I hr before
toa tide

Duration ot resta 10 .. in, hwi 3 only rest bat*%
Treatment Type! 403 swc on, 40 sec off Teat Time:

2?2018*
06*35

i. . i..... .. i... . .... .' . ........ "
to "iu,.rrs CIENO TEST PERIOD

RIWOS CMeterv>

-B u-10 to- iS 15-20 20-25 2s-30 30-3s 3S-40 ." Total
Trace, 2 -- - --
TyRpeF am Ua Rel W;i Raid Ui Mir Ram Ram, UP £ Rag U

LS 0 0 1 6 12 14 a 5 3 * 7 4 1• 6 4 8 56 43

SL a 0 0 0 0 0 0 0 0 0 a 0 0 0 0 a 0 a

NC 0 a 0 0 0 0 1 1 a a 0 0 0 1 01 2 1

um 0 a 0 0 0 a 0 0 a 0 a 0 0 0 0 0: a a
------------------..--------------------------------------- *1-------- ---

Total 0. 0 3 0 12 14 r 6 3 2 7 4 1i 0 10 4s 5o 44

20 1RIjTES nFTCr TEST PERIOO D

23148 ('esters) -

0-5 5-10 ic--s ts-2O 20-as 2s-30 30-35 35-40 Total

rRat UmP Re. UP Raw UP Rau UP Ram UF Rau UP Rama U Rau U I Room U

LS 0 0 1 6 1 1 3 3 5 4 6 4 14 a 2 1 24 21

SL 0 0 a 1 1 0 0 0 a 0 0 0 0 0 0 2 1

He 1 4 0 .0 0 0 0 0 1 1 1 0 a 0 0 a 3 6

Um 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 1 1
------ --------- ---- --------.------------------- -------

Total 1 4 3 6 3 3 3 3 6 S 7 S 4 2 2 1 2 21' 29

CmI -so.Q.MJ Cli -SaUARE F-mAT
F-NAT O-S 5-10 10-15 I5-20 20-25 2S-30 30-3S 35-40 FOR 2 TEST PERIODS

Ra.' UF R4. U• Raam UP Rae UP Ram m" Rau UP Rio" U Raw. W I Rau. UP
LS 0 0 3 G T a 5 4 4 3 r 4 10 5 3 t 40 32.
SL 0 - 0 0 L 1 0 0 0 0 0 0 0 0 0 0 9 1 1
mC 1 2 0 0 0 a I I I I 1 1 0 0 1 03 3 .4
MiM 0 0 0 0 l 1 0 0 0 0 0 0 0 0 0 0 1 1
TOTL I 2 3 6 6 1 5 5. 5 4 7 5 10 5 3 3I 44 3?

CHI -SOUPAAE
URL•UJE 0-5 5--0 10-15 S-20 20-2S 25-30 30-"5 5--40 O14-SQUARE UALUES- --- ......-- IPOR2•,TEST PERIO~OS

Rau w Ram w IUP MU Ram U R••' UP Rom UP Rat4 M Rai MF I Raew UF
LS .. .. 0.000 0.000 9.308 11. 27 1.000 .SOO 0.500 0.66 O.O? 0.000 7.200 3. GOO 4.455 1.0100 112.o0r .563
SL .. ... 1.00000 .000 -!.. .. .. .. .. .. .. .... .- I 1.000 1.000
He 1.000 4.000 .. . .. .. 1.000 1.000 1.000 1.000 1.000 1.000 .. .. 1.000 -- 1 0.200 3.571
MU .. .. . .. 1.000 1.000 .. . .. .. .. ... .... .. 2 2.000 1.000
TOTAL 1.000 4.000 0.000 0.000 S.400 V.116 1.600 1.000 1.000 1.8" 0.000 0.111 . 200 3.100 S.333 1.000 S 9.66? 3.062

CHI-SOURRE - 3.841 (d.f. - 1. alpha - .05)



Table 06-4. Inidian. Point haprner test enontor-ing using laeI2 do ree
horizontal tr-ansduacer located at unit 39. itakce 31r

Tidal Phaso: 2 hrs after
10.4 tido

Duration of TestS 10 "Inr. htr 3 only Tert Datol
Troatmoert Type: 20 swc on. A0 sec off Test TL.t

2/20 0S
2 t5S

e0 a| ......f ... .ET a......n bI[F

0- 5 -0 10 t-1 1L5i-20 20-25 25-30 30-35 35-40
Tra&ce
Type Rae. ui Ra I.I Rom MF Ram 14 rom 14F Rat Im r Ra.m UF Raem 2F4

LS 0 0 0 0 1 1 3 3 2 2 0 0 0 a 0 0a

SL 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0:

MC 0 0 0 0 1 1 0 0 1 1 a 0 0 0 0 02

IM .0 a 0 0 0 0 1 1 0 0 0 0 0 0 0 0.

Total 0 0 1 2 a 2 4 4 3 3 0 0 0 0 0 0 a

10 nI[NUTES DURING TEST PROD
ROSWE (metors)

T-S 5-ce 10-2.5 is-It 20-2- 25-30 30-3 35-0Trace ---- --

TUpe Ra". U? RaU MV Rae U Rae" U RSe i, Rate U, Rae.. MV RIto 14 a

LS & 0 0 0 0 0 0 a 0 0 0 0 0 0 0 0.

SL 0 0 0 a 0 0 0 0 1a 1 0 0 0 0 0 02 I
NC ,4 0 0 0 0 0 a 0 0 a a 0 0 02

1 4 0 0 1 1 0 0 1, 1 1 1 0 0 0 02

Total 4 1s 0 0 1 1 0 0 2 2 1 1 0 0 0 02

10 IIMUTES IWTE TEST PEaIOD

0-5 9-10 10-U.5 15-20 20-2s 25-30 30-39 35-40Trace -•---
Type Roem iw or W Ram M Ram. MV Rum UF Rau MV Rate MFV Ra4 6 I

S0 0 & 2 0 0 a 0 1. a 1 0 0 1 0 8

S 0 0 0 0 0 0 0 0 0 0 0 0 a 0 a

MC 1 4 0 0 0 0 0 0 0 0 0 0 2 1 0 01

1 • 0 0 0 0 0 0 0 0 0 1 1 0 0 1 02

Total 1 4 1 2 0 0 0 0 1 1 3 2 2 1 a 01

Total 4k
Rau 14?

6 6

• 2

2 2
I I

10 11

Total

Ram. IF

2 7

I I
1 ,4

4 '7

a ILI

Total

Rau. WV

S 4

0 0

3 5

2 1

t0 W

C3I -SLHURE CMI -SQJURE F-HnT
F-SAT 0-5 5-10 10-IS Is-to 20-25 25-30 30-35 39-40 FOR 3 TEST PERIODS

Rmat UV Rat. Ur Rate MV Ram. MV RAtM MV Rame UV Rat" w4 Ram. Ur? Rate HF
LS 1 2 0 a 0 0 1 1 1 1 1 0 0 0 0 0 4 6
SL 0 0 a 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1
NC 1 3 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 2 4
UU 0 8 0 0 0 0 0 0 0 0 L 1 0 0 a 0 t 2 3

2 6 1 1 a 1 1 1 2 2 1 1 1 0 1 0 9 13

CHI -SQUARE
ULUES 0- S-10 10-IS 15-20 20-25 25-30 30-3s 35-40 011-SWFAE UAIUES

VOR o3 rEST PER]iODS
Rat m Ra.. Re" RaRRae" I ts Rm e S Ram M : Ral MF

LS 2.000 17.5m - 2.000 -- - 6.000 8.000 2.000 2.000 2.000 .. .. ... .. $ 3.250 -0.16?
SL -- -- 2.000 -- .. . ..- -- -- -- 1 0.000 2.000
.e 0.000 2.66? -- -- --.. .. .. .. 2.000 .. . . 1.000 o.20

R -- 12.000 -- 0.000 0.000 -- - 3..500 08000
Term. 3.500 21.18? 0.000 4.000 2.000 2.000 12.000 12.000 1.000 1.000 6.000 2.000 2.000 ERR 2.000 - .333 4.769

CM4-SC.JARE - 6.991 Cd.f. -2. alphia -. 09).



Table OGSS- I ndi an Point hammer test .eoni tori ng usi ng S*e22 d.qro*
hoarizoental transducer Located at unit 3. I ntake os

Tidal Phase: 1.S hre after
lola tide

uration O. Test: . 10 min htea 3 only Test Oata:Troatwa tnt TUem2 10 aa• on. 30 d1a . • Tae Ti4... 2Or2w00

10 DnMUTES DURING TEST PERIOD
RANGE 400etot 3

0-- 3-10 10-15 15-20 20-29 25-30 30-35 35-40
Trace - - -w - - --
Tgpe Ratm u Rae. Ml Rae M Rae. UF Rae. WP Raem UPF Rim UF Ram. U =

LS 0 0 0 0 1 1 1 1 a a I S. I I 0

S1. 0 0 0 0 0 0 a 0 0 0 0 0 0 0 a O

KC- 1 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0z

14 0 0 0 O- 0 0 t 1 0 0 0 0 0 0 0 0

Total 1 4 0 0 1 1 2 2 0 0 1 1 1 10

10 M11 MUTES AFTER TEST PERIGO

0-9 5-10 10-13 15-20 20-25 25-30 30-35 35--40
Trace - --- -- - ---- ------- - -
Ty.pe Ras& Ram UF -- Rma. UF R;L UP R;aeu W Ra "F URa UF Ram MUF z

-LS 0 0 -0 0 0 1 1 0 0 1 1 1 1 1 0-

SL 0 a O a 0 a 0 0 0 0 0 0 0 0 a 0-

NC 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0:

Um 0 0 0 0 0 a 0 0 0 0 0 0 1 1 0 0:

Total a 0 0 0 0 0 I 1 0 0 1 1 2 2 1 0 2

Total-

Rae. UF
3 4

Total~

. 4 3
0 0

0 0

1 i

7 9

CHI--SQUARE CsnHI-seum F--iATF--4sA 0-5 5-20 10-15 IL-20 2o-2S 2S-30 30-39 35--40 FOR 2 TEST PERIOOS

Rim. UP Rasa UP Ram UP Raom U Rau. UP Rae Rom. sW ma.. 1F a *a" . UFLS 0 0 0 0 1 1 1 1 0 0 1 1 1 1 1 0: 5 4SL 0 0 0 0 0 0 0 0 0 0 01 0 0
he 1 a 0 a 0 0 0 0 0 0 0 0 0 0 0 0: 1 20
um 0 0 a 0 0 0 1 1 0 0 0 0 1 1 0 0 1 1
TorTA 1 2 0 0 1 1 a 2 0 0 I 1 2 a 1 0a 6 r

CHI -SLMWRE
UALUIS 0-- S-10

Raw. UP Rae UP
LS .. ... ..
SL - - - -
KC 1.000 4.000 -- -
ru - .- -
TOAL. 1.000 4-000 - -

10-15b IS-20 20-2S 25-30 30-39

Raim U? Ram. IV Raem UF Ram. UP Ra.u OF
1.000 1.000 0.000 0.000 .. .. 0.000 0.000 0.000 -0.000

- - 1.000 1.000 . .. . - 1.000 1.000
1.000 1.000 0.3.31 0.,33 -I,0.000 '0.000 0.333 0.333

C4I-SQUAfRE - 3.041 (d.f. -1 alpha - -0W)

35-40 CHI -SOUA4m UlLUIS
-FOr 2 TEST PERIaOS

Rai. UF : Roa 661
O.O00 -- 0.111 0.143

- --- 1.000 4.000
-- - 0.000 0.000

0.O --- - 0.3303 1.923



Teble D66. Indian Point hanne. test ,.onitoriflq using G~t2 degree
horizontal tr-ansducer located at unit 3. intake3.

Tidal P1ase.- 2 ha-m after
lam tide

Duration or rest: to10 in, hogw onnl Test Date:
Treatgett rpo: 10 sec on, 40 s1c off rest Tine

2/20ees
223•

10 MI1UTES DURING TEST PERIOD
RAG ntere)-.

0-.5 5-10 10-15 15-20 20-25 2*5-O: 30-35 35--40 Total
Type Ran WV Ran MF Ra,4 MF Ra14 W Rau W Rma U Rams U Rau W : Rou HF

LS 0 0 0 0 0 0 0 0 0 0 1 t 0 0 0 a 1 1

St. 0 0 0 0 0 a 0 0 0 0 0 0 0 a 0 0: 0 0
NC 2 7 0 0 0 a 0 a 0 a 0 a 0 0 1 0: 7 V
Um 0 a 0 0 0 a 0 0 0 0 a 1 1 0 0: 1 1

Total 2 r 0 0 0 a 0 0 0 0 1 1 1 1 1 03 5 0

10 #II mTuS FTrER rEsr PERIOD

O-S 5-10 10-15 15-to 20-2S 2S-30 50-35 3S-40 Total
Typ Ran MVF R. MV Ran IMV iRam UT Ran 141 Rtam lMT Pa. M: Ra 1= I Ran MV

0S 1 2 o 0 0 a 0 0 0 0 0 0 0 02 $ 2

SL. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 a2 0 0

NC 0 0 a a 0 a 0 0 0 1 1 0 0 1 0: 2 1
Im 0 0 0 0 0 0 2 2 0 0 0 0 0 a 0 0 - 2 2

Tot&L 0 0 1 a 0 0 2 Sk 0 0 a a 0 0 A 0 9 6

CHI -SUfDUE CHm-soumeE F-a'rF-IMqr 0-5 5-10 to-is 15-20 20-25 25-30 30-35 35-40 FOR 2 TEST PESiI)DS

RAM UP RWAn M Ram WV Ran UP R604 MV *4104 up RlaG UP Rau SIP Rau lITLS 0 0 1. 1 0 0 0 0 0 0 1 1 0 0 0 0: L 2SL 0 a 0 0 0 0 0 a 0 0 0 0 0 a 0 0: 0 0NC 1 4 0 0 0 0 0 0 0 0 1 1 0 a 1 0 3 4 -tU1 0 0 0 a 0 0 1 1 0 0 0 a 1 1 0 0 4 2 2TOTAL 1 4 1 1 0 0 1 1 0 0 1 1 1 1 1 a t s 7

CHI -StUAE
IWLUES 0-5 5-10 10-15

Ran IT Ra., SIP Ran* MV
1.5 -- -- 1.000 2.000 -- --it. a. W- - - it. -
ISC 2.000 7-.000 . .000

rorAL 2.00 7o0o00 1.000 2.000 - -

15-20 20-2s 25-30 30-35 35--40 9FCIVI -OURRE ALUwis~xl- - ---- ----..... . -. -. --- - :9 ' 2 TE~ST PEhIO)D!
RanMV anMV Ran St. RaIPRa.M Rau UT

- - - 1.000 . 0.000 0.333
-0 -- - . .; - - 0.000 - 0." 0 .5-00

2.000 2.000 --- -- 1.000 1.000 -- - 2 0.3 0.3W),
2.000 2.000 -- - 0.000 0.000 1.000 1.000 0.000 -- 0 0000 1-14

C14-SUIIARE - 3.041 (d..f. . 1. alpha - OSlo



Table o67. Indian Point hammpv. test .. onjtorinq using Sm 12 dor*a
Iovlzonita) transducer I ocoted at uniht 3. in~tak* 3r

Tidal Phase: 2.5 I-m *4fte
Lo"ts ide.

Duration oF Test* 1O "in, how" 3 0"lj
Trwatmtnt Tejp.' 20 sec on, 20 sec off

T:st Oate= 212100 "(4
r.t T &N: Lkss

............ .. . .................
W0 "|MUTES IURro TfS PERIOD

/ RAN m (teers)

0-! : to- 10-15 1S-20 20-2S 215-30 30-B3 35-4(1trace - ----.- -- -- --- -
rTcgp Rau RV Raa U1 R5n. MV Ram' UF Ram W47 R&. UF Rau 8F Raom 117

LS 1 4 1 2 0 0 a 1 0 0 0 0 0 0 0 0:

SL 0 0 0 a 0 0 0 a 0 a a 0 :

IC 1 4 1 2 1 0 0 0 0 0 0 0 0 0 0 a

M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Total 2 - 2 - -- I --- - 0 0 0 0 0 0 0 0:

1o mNmures nFWER TESr PERIOD
RMIGE (vwters))

O-S 5-10 10-15 15-20 20-25 25-30 30-35 3$-40
Trabce -------- ----- ----- --------- ----- ---
rv~p& Raus 11 Rat. UMV Raus MV Rau. 17 Ram. 17 Rae. MV Ram. I? flak" 11

LS. 0 0 0 0 a 0 0 0 2 2 0 0 0 0 0 0:

SI 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0:

MC 3 11 - 0 0 1 1 0 0 0 0 1 1 0 a 1 0:

"m 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0:

Total 3 I2 0 a I 1 0 0 2 2 1 a 0 0 1- 0

Rats bE

31 7

* 0 0

3 7

* 0 0

6 13

0 ii
- --- -- - -

:H3 -SQUFWRE CHI-SQUARE F-HAr
F-Hal 0-5 S-10 10-15 35-20 20-25 29-30 30-35 3S-40 fOR 2 TEsT PERiII

Iat& 1F Rae. MV Ram 87 Raom S Rat. 1*7 Rau WVr Rat MRa " Ra.& MUF 2 R;t MF
LS 1 2 1 1 0 0 1 1 a 1 0 0 0 0 0 0: 3 5

5L 0 0 0 0 0 0 0 0 a 0 0 0 0 0 0 0 2 0 i)
t•c 2 a 1 1 1 1 0 0 0 0 1 a 0 0 1 0 2 5. , ii

UM 0 0 0 0 a .0 0 0 0 0 0 0 a 0 0 0: 0 .3
TorTr. 3 10: 1 2 1 1 1 1 1 1 1 1 0 1 0 : 9 I5

rtIl -SQUARE
4I'M-LIES 0-5 s-10 10-15

Rau UV Raue MSV *a" iF
t.S 1.000 4.000 1.000" 2.000 .. ..

PlC 1.000 3.267 1.000 2.000 0.000 0.000
mu -- -- -- -- -- --
ro0l'uAL 0.200 0.4-.4 2.000 4.000 0.000 0.000

IS-20 20-2S 25-30 30-35 35-40 CHI -SCUARE URLuC'
:FOR 2 lEST PEPI(14

Rau UP RSa. mT Rae Rat MV ". 4mup v 6Ra. "F
1.0O 9.000 2.000 2.000 .. .. .. ... .. : 0.200 2.r78

--.. .. .. 1.000 &.000 .. .. 1.1000 -- 1.000 1.800

1.4300 L.000 2.000 2.000 1.000 9.000 .000. : 0.6 0.03.

ClII-SOMMS - 3.841 Cd.f. - 1. alpha - .OS)



APPENDIX E:

Hammer Tests Monitored By

6' Vertical Transducer



Table Et. Inidiani Point harwwr test imanitooIlg using 6 degee
~etIcal. transducer located at uinit 30 Intake 3 5.

Tidal Ph~ael 3.5 H5r be4ore
Low Tide

Durat•Jon of Testi IS min Nwr 1A3 or.
.Treatenet lup|l 15 "in continuous

Test vote: 21231/8
Test Ttrs 16222

flS.aSUininflinflflflin.flSflflin.flWininflSfbaflSSfl

15 niNUTES BEFORE TEST PERIOD

Tr ace
Type

LS
SL

HC

Total

0-1
Rat* iW

o o

O 0

O a

o 0

o a

1-2

a 0

o 00 a

0 0
a

2-3

a 0

0 O.

2 5

0 a

2 S

miniK Cuetwv).
3-4 4-5;

Rma. us Ram Ws

1 2 a a

2 0 0 0

2 4 3 5

3 6 3 5

5-'

0 0

3 4

0 0

3 4

CHI--SOUR• FP-HIT
G-v Total FOR 3 rcsr PESzoos

Ramd UW Ram WIP Rat . i

O 0 ! 1 3 7 10

0 a 0 0 a a

3 3 13 21 U 14

o a: 0 0 0 a

S 3 c 14 23 14 23

IS nM[HUTS mUINO TEST PERIOD

Trace

LS

SL

KC

au

Total

0-1
mmd 14W

o 0

o 0

a 0

0 0

0. 0

t-2t

;--a-

0 a

I s1 5

0 0

1 5

2-3
RaIm UP

a a

a 0

o 0

o 0

0 0

•3-.4 4-5

R at, UP" R46M UP

1 a S - ;

a 0 0 a

0 0 1 2

0 0 0 0

1 a a IO

Ram UP
4 5

1 a

o a
S S;

G-T Total 001 -SUARER UALIS
FOR 3 rErST PEIODS

Ram W RA W Ram l,

0 s 1O 1is LS 6.000 S.S0O0

0 a - 0 0 SL - --

a 2 3 10 NC 4.37S 4.766

o a 9 0 0 uM - --

a 2 , 1S as TOTAL. 1.07i a.174

15 NIlNUTES AFTER TEST Pit

0-1L
Trace
Typ, Ram Wt

LS 0 0

SL 0 a

MC 0 a

"Mb 0 a

Total 0 a

CHI-SOSARE 0-1
F-HOT -

LS a 0
SL o a

MM- 0 a
TOTl.L 0 a

CHI[-SQUARLE ,--i-
UALUES

Rau MT
LS - -
SL - -
SI..C I 5
MiW .. ..
fL ....

RIOD RSOE. (inete.ar)

1-2 2- 3)2-4 4-5 5-

Rtb Um Ram W 2 ta TF Raid IW Ram.

0 0 2a s 0 0 0 s 7

a a o a a a 0 a a 0

0 a 2 6 0 a 3 S a o

0 0 0 0 0 a 0 0 0 0

0 0 14 10 0 0 3 6 6 r

1-2 2-3 3-4 4-S 5-6

4 MF Ra. W " Ra b4 IT Ra.m iW *ta M1
0 a 1 2 1 1 2 3 3 4

0 a 0 a a a 0 00 0 a a
O 2 1 3 1 1 2 4 1 2
0 a a *a 0 0 0 a a a0 2 2 a 1 3 4 S I

1-2 2-3 3-4 4-5 5-6

Rao MF Ram W- Ram M Ba.. Wv Ra• MF
-- - 2.000• 7o.0 0.000 4.oo0 7.S00 13.333 T.333 &.5;00

7.500 4.000 s.657 2.000 12.000 *.SO0 1.SOO 6.000 3.500

--- .so0 4.000 10.000 6.000 5.302 1.S00 1.421 0.000 -0.1ST

a-V rotal (d~r. - 2)apha M .0-)

Ram NP I Raid lI

1 a I a 13

I0. 0 * 0
$

0 0 5 5 10

0 0: 0 0

1 1 2 14 23

6-7

Ramu W
a aa 0

2 2
0 0
2 2

6-r

1.500 1.500

1.000 1.000



Table 112. Indian Point fbamm..r toot monitoring usi~ng 6 de&e.
im t1 cal tranisducer located at unit 39 1 .ttah.30

Tidal. Phae: M.5 r before
Los. Tide

Duratioon of Texts 10 min Hmr 1*3 on
Trostjeont Tup.* 10 win continuous

Test Dates U23.00e
T It Tie* 1941

tO NIHUTeS BrFORE rtsr PERIOD
mmsor <Aoters),

0- I 1-2 2-3 3-4 4-5 5-4 6-7Trace
Typo Re. UT am" W Re. 1W Raw MP BAM Rau B Ram UP
LS I- ;- I a 0 0 a a 0 a 2 0 a
51. a a a 0 0 0 0 a a 0 a a 0 0

I

Mc a 0 a a 1 3 1 2 0. 0 a a 0 02
61 0 0 0 0 0 0 0 0 0 0 0 0 0 a0

ot-al 0 0 6 " L 1 a 1 2 a 2 0 a a

1S nIla~tFS DURING Tesr PaliDOD

0-1 1-2 2-3 3-4 4-S 5-6 -
tjpe Ram. UP mae" U Rauh UP *aw WP RAM. UW Be4 UP Ito" WP 9

ui0 0 0 0 0 0 0 I0 0 0 0 0 0 0 $

LSS

PCe a 0 0 0 3 0 1 2 0 a a a 0 a .

.I

"M 0 0 0 a 0 0 a 0 0 a 0 a 0 a08
Total 0 0 0 0 3 a 1 2 0 0 0 4 42

to IiNUTES AFTER TEST PERIOD

RAW"E C,.terW>
O-! :l-2" 2-3 3-4 4-5 5-6 6-r

Type ReA & W MBa. te UPF Rt.. UP Bt. UP4 Raw it R;.0 1F I

CHI -SQIUAE F-NOT
Total FOt 3 TEST PERIODS

Ramw WM a. UP

4 14 1 10
0 0 0 0

3 7 6 12a a & a•
O 0 1L 1

T 21 LS 22

ttalt CHI -SQUARE VAILUES
OPR 3 TEST PERIODS

is 14 LS 1.*33 10.300

0 0 S . .--

4 010 MG 9.t67 • 4.41,•

o a M" 6.000 6.000

IS 24 TOtIL 4.154 I .227

CH1-SaUAW • . 21
Tat"l Cd.f. -2)(alpha - -05)

I 1

0 0

12 16

3 3

LS

SLfie
NC

Tot

CHI
F-S

LS
SL
ftC
"M
TOT

CHI
Uft
LS
SL

M"
TOT

a 0 a 0 0 0 a a a a I 1 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0' 0 0 2 4 5; 0 5 6 0 ,0

o 0 0 0 0 0 0 0 0 0 0 0 ' 3
al 0 0 0 a 0 a 2 4 3 0 7 3 3
-SQOULA 0-1 1-2 2-3 3-4 4-5 5-6 G-V•T

Ram lFF w U RBa UP RemI UF Rom UTr Ie. 1 Re.. Ur0 2 0 2 0 0 0 0 0 0 4 4 1 10 0 0 0 0 a 0 0 0 0 0 0 0 00 0 0 0 1 4 1 3 2 3 2 2 0 00 0 0 0 0 .0 0 0 0 0 0 a 1 1r. 0 2 0 2 1 4 1 3 2 3 5 6 2 2
-SQUAR .-. O- 1-2 2-3 3-4 4--5 5-6 6-'

Ba.. MT Ba*. UP Ram. M Raw4 MN Re.. UP Re4 UT Re.. W-- 1T.SO0 -- 7.500 - 6.250 13.2S0 12.000 12.000
-. .S -- - $,000 7.2SO 2.000 0.000 7.000 62."Y7 7.500 12.000 - --

-- - - - - - - - - -- 6.000 6.000-AL 17.500 7.500 s.000 r.250 2.000 0.000 7.000 12.64? 4.800 6.500 5.500 S.500

a

S



Table K3. Indian Point hemr test monitoring wain de.
&.evtical transducer located at einI 3p take K.

Tidal Phw•ae 2 Hr before
Lou Tido

Durat1ion of Test%
Troateumnt tIup.

11 ean Hmv 163 on
11 win continuous

Test Date: 2/23W11
Test Tine: 201&

sanneenaafehlf.shlfnneinninnafablaas
11 KINUYF~ 01131MB TEST PERIOD

Room cmeters)

0-1 1-2 2-3 3-4 4-6 5-- G-v
Trace ------
T1. Ram. MF Rau UTF Rau 1R7 Ram 14W EaW 147 Ram W1t Ram lI 9

LS 0 0 1 S 2 ! 4 a a 3 3 4 1 11

S.. 0 0 0 0 a a 0 0 0 0 0 0 0 0a

1C 0 0 0 a 0 0 3 6 S a 4 S 2 2

141m 0 0 a 0 0 0 0 .0 a 10 0 0 0 a

Total 0 0 1 2 2 S r 14 T II 7 2 3 3

11 MNUTrS ATER TEST PURIMOD
RIANE cmwtrws3

0-1 1-2 2-3 3-4 4-5 G-- 4--

Trac --- -

LS 2 14 2 9 1 3 r 14 1 a I I a 08

SL 0 a 0 0 0 a 0 0 0 0 a 0 0:

MC 0 0 0 0 0 0 a 2 2 3 3 4 3 3

um a 0 0 0 0 a 0 O 0 0 1 1 0 0

Total a 14 2 9 ..1 3 a 196 3 5 31

Tot&L

Rame SW

14 al

0 0

27 47

Total

14 43

a 0

* 12

I
14 14

CHI-SQUARE F-HAT
FOR 2 TEST PERIODS

14 35

a 0

12 1?
I I

26 S2

CHI -SQUARE U IIUES
FOR 2 TEST PERIODS

Ram. 14

LS 0.037 4.100

SL - -

NC I.O7 2.455

"1 1.oO00 1.000

TOTAL. 0.176 0-.•

CHI-SOIUAE - 31.041
(d.f. - 1)
(alpha s .061

CIII -SQUARE
F-HaT

LS
SL
He

rorAL

CHI-SOIMMMUMJUES

LS 2.'
SL
NC

TO rAL~ . a.

0--1

Ras@ 117
1 r
0- 0
o a
0 a
I r

0-1

Raeu MF
o00 14.000

can 14.000

1-2

Rae UV
a 7
0 0
0 0

2 7

1-2

0.333 1-.143

0.333 1-143

Rau M&
2 40 0
0 0
0 0
2 4

2-3

0.333 0.500

31-4

Ram. 117
6 11
0 0
2 40 0

3--4

Rae.m F
0.010 1.636

1-000 9.000

O0.0? 0.-133

4-S 5-6 4-.7

Ram mP Rae. 147 Ram M
2 3 a2 3 1 1
0 0 0 0 0 0
4 6 , 4 5 3. 3
0 I 1 0 05 0 4 II 3, 3

4-.

0.333 0.200

1.2" 2.2r3

1.600 2_*50

Rae. MV
1.000 1.900

0.143 0.111
1.000 1.000
0.333 0.600

S-7
Rae. 1

1.0-0 1.000

0.200 0.200

0.000 0.000



Table E4. 1 hidlan Potint ha,,,.. toot Peont tort. ng-Using 6_S -r
~ttlcal transducer located atuitD intake35

Tidal PhIlam 3 Ws beforo
HNih Tide

Duration. of Testa 9 min New MtS on
Troatwant ru,.I 5 Idn continuous

Toot Dater 2i24f*$
Toot Tiie.t 1330

*ae~.seeflflnen~nn
S MINUTES UEFOQE rESr PER1~

K BEORE TET.tEIO

0-1 1-2 2- 3-4 4-15 5-6 S-7
Traco - -----
TRV" il ft... ur e, U Ra, RP Ra UP R40A p*M Rau am.& WP

LS 0 0 0 a 0 a 2 4 2 S 0 0 0 a

SL 0 0 0 0 0 a 0 0 0 0 0 0 0 0a

NC 0 0 a 0 0 0 0 a 0 0 1 1 1 1

MW a 0 0 0 a 0 0 0 0 0 a 0 a a I

Total a 0 a 0 a 0 2 4 3 S 1 a - 1 - 1 3

s IIINUrES DUItO rcsr PEBtO.

RAMOC <"*to*-*)

T--IL 1-2 2-3 3-44 4- - - S--

TVpe Ram Mr Rat W R404 W R a UP Ramt UP tma Ut R4 W *

LS 0 0 0 0 0 a 5 IQ 3 5 4 S 0 a 0 a
SL 0 0 0 0 0 0 0 a 0 0 a 0 0 @1 a
"C 0 0 0 0 0 0 0 0 0 0 0 0 1 IS

3
NM 0 0 0 a 0 0 a 0 0 0 a 0 0 0

Total a 0 0 0 0 0 5 o0 3 5 4 S 1 1I

S MiNUTrES #FTFR TEST PERIOD
RJIOK (a.tors)

OL 1-2 2-3 3!-4 ,4-- S-4 -
Tr.eUType, Ito" Wd R4 W€ tm UP its" WF R40 UP" Ram W• t41 UP I

CHI -SQU•AE F-HfT
Total FOR 3 TrS1 PEInaOS

ma.. UP Rame UP

5 0 0 1)

a a 0
2 2 2 2

0 0 0 0

1r It tO is

Total Ceie -SQUARE VALUES
FOR 5 TEST PRIODS

Ra.. UP Rae.4 UP

&2 20 LS 3.290 6.300

0 0 SL - --

$ I me --0.SOO -O.SOO
o O ini - ---

1. 23 T01rTL 0.200 3.733

CHI--SaURVE - 5.9S1
Total (d.f..- 2)

(alWp-1 - .05)Ba.. UF

o 0

a
2 2"

o 03

LS a a

SL 0 0

me 0

i411 0 0

Total 0 0

GIN -SQUARE 0-1
F-HAT1

M404 UP
3.30 0

5L a 0
6( 0 0

TOTAL G

CIo -SQUR E 0-1
1AALUES

Row UP
SL. -- -

MCU ---

TOTIu. - ---

0 0

0 0

a 0

0 0

a 0

O U
0 a
O 0.
0 0.

1-2

ma.. UP

0 0 3 a a 3 a 2 .0

0 0 0 0 a 0 0 0 a 0

o a 0 a 0 0 2 2 0 a

O 0 0 0 0 0 0 0 0

0 0 3 G * 3 4 4 0 0

Rae NF Rau UP RAe UP Rom MV R40 I UP
0 0 3 r 3 4 2 2 0 0
0 0 0 0 0 0 0 0 0 0
o 0 0 0 0 0 1 1 1 1
0 0 0 0 0 0 0 0 0 0
0 a 3 V 3~ 4 3 3 1

2-3 3-4 4-5 5-6 6-V

I4, UPF Ra. UPF R4a. UF Raid UP Ra. UP
...-- 2.6&r &.T14 -O.557 1.rS5 4.000 '.00 - ---

- .. . . . .. -;-- 2.000 2.000 0.000 0.000

.. 2."4? 1.714 -O.557 I.TSO 2.000 4.000 0.000 0.000

i
9I

I



Table E5. Indian Point hanswer test m.onitoring using9 6 dwwwe
verti cal transdocer located at nit 3,, ntae S.

Tidal Phase: 2.5 Hr before
High Tide

Duration of Testz 9 nin Hmu- 1*3 on
Tr..tOnet Typos S "in continuous

rTst oate: 2/4/00
test Ti*e: 1350

S mINUrES BEFORE VEST PERzO0

Trace

LS
SL

NC

U14

0-1

Ran MV

0 0
0 0

O 0

1-2

0 0

0 0

0 0

0 .

REIE ieters)

2-3 3-4 4-- 5-.

Ra" M. Ito" MF RM4 MW Ran MV

0 AO a a 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

O a 0 0 0 0 a 0

CHI -SQUARE F-HArT
e-T Total FOR 3 TEST PERIODS

Ran I6 W Rau MF Ra 6wF

o 031 0 0 2
0 oQ 0 0 0 0

a 0: 0 0 0 1

0 0a 0 a 1 1

Total 0 0 0 a 0 0 0 a a 0 0 0 0 0 5

a mNUT[ES oDmhbe TEST PERIOD
RANGE (.ete)

0-1 1-2 2-3 3-4 4-5 5-6 6--

Typo RAn My Ran MV Ian W Rta up Ran MW Ran M Rta WV

LS 0 0 0 a 0 0 0 0 1 2 4 5 0 0

SL. 0 a 0 a 0 0 0 0 0 0 0 0 a 0

HC 0 0 0 a 0 0 1 2- 0 0 0 0 0 0:
1W 0 0 0 0 0 0 0 0 0 0 1 1 I I

Total 0 0 0 0 0 0 1 2 1 2 5 6 1 8

8 IZNUTES AFTER rast PEI[Oo
REVISE <(,gets).

0-1 1-2 2-3 3-4 4-- 5-- 6-V
Trace 

---

Tlype Itoa mr Re" MV man MV Rau MW RMn MW RaN MV Ram WM
LS 0 0 a a a 0 0 a 0 a 2 2 0 01

SL 0 0 0 a 0 0 0 a 0 0 a 2 0 01

NC 0 0 0 0 0 0 0 0 0 0 0 0 0 0a

MM6 0 0 0 0 0 0 0 0 0 0 1 1 1 1I

TotaL 0 a 0 0 0 0 0 0 0 0 3 3 1 19

>0 0 4 s

Total CHI -SQUARE URLUES
FOR 3 TEST PERIOOS

Rau 1W RtM MF

S 7 LS 7.5Q0 0.66?

a 0 SL - --

2 a NC -- 2.000

a a MM 4.000 4.000

* 19 TOTAL 0.000 12.400

CHI-SQUARE S.591
Total (d.f. 2),

Rau MF

0 0

0 0

2 a
4 4

CMI-SQUARE 0-1 1-2
F-WRT ..

R-an MV Rant MV
LS 0 0 0 0
SL 0 0 0 a
NC 0 0 0 0
MW 0 0 0 0
TOTAL- 0 0 0 0

CHI -SQUWIA •- 1 1-2
URLUE$

Ran. m Ran mV
LS .. .. ..
SL - - - --

TOTAL - - -

2-3 3-4 4-5 5-6 s-r

RatW w Ran UPF Ran MF Ran N Ran MF
0 0 0 0 0 1 2 2 0 0
0 0 0 0 -0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0
0 . 0 0 0 0 1 1 1 1
0 0 0 1 0 1 3 3 1 1

2-3 3-4 4-S 5-6 6-r

Ra4n MF Ran MF R4n HF Ran MF Ra04 bP
. . . .. .- 2.000 4.000 T.500 .. ..

-- -- - ~2.000 -- - - - - -
.. .. . - -.. . . 0.000 0.000 0.000 0.000
- - 2.000 - 2.000 3.333 6.000 0.000 0.000



Table 96. Indian Point hammer test na1to.-i ng using 6 dClowvertical trunsduacer located at uini t 3. intake -15.

tidal Phbenl 2 Ws befrore
Hich tide

Duraton or Tests 6 96L" ~ M13 on
Treatnent Typeg 6 w0n Continuous

Tost Date: 2"24fee
Test 11...: 1411

6 MINUTES BEFO• E TEST PER1l=

0-1 1 -2 2-3 3-4 4--5 5;-6 6-?
Trace------

Typo Rwm mF Ra HF ER1 UP M40 F Em. R U Ram iF iem UP I
LS 0 0 a 0 a 0 0 0 a 0 0 0 01 S
SL O a 0 a 0 0 0 a a 0 0 0

I140 a a 0 a 0 a a 0 0 a a01
Iama a 0 a a a a 0 a 0 0 a a s I

Totml 0 a 0 a 0 a 0 0 0 0 0 0 1 11

N f1]NUTS DUINaG TEST PEEROD
RMIM <owters)

TraC-
ype R4 4 tUP R6 tm UP sabs UP ma" W RaIl UPF 1m. W

LS a 0 0 1 2 0 0 0 a
SL a 0 a 0 0 a 0 O - 0 0 a a O a

aC 0 0 a a O 0 1 2 1 2 3 4 1 11

-I
Total a a o 0 0 0 1 2 2 4 3 4 2 2

S IImmUI"Es lTER TESt PERIO0

CHI*-SOUREE F-HAT
Total FOR 3 TRT P5.3o0s

Ral,. 1F RaIu

a 0 a 1

Tot^1 CNI-S-UIME UIUES
FPo 3 TEST PEIRIOS

Ram WF Rami HF
I 2 a $ -- 2.000

a a SL - --

* t NC Ll.S00 I?.)33

m 1 MU 0.000 0.000

0 12 TOTAL. 6.2SO 14.000

-*0 ý Wv CHI-SnUAVRE - 11
0-1 1-- 2-3 3-4 4-5 5-6 6-? Tota&l (d.C. 2)T race . . . Ca•lt~ ph QW!

Type Its" W RAM HF Ito" W RAW HF tm• HF stab H tW Ra I Rail H
LS 0 0 0 a a 0 0 0 0 0 0 a a 0 0

SL a a 0 0 0 a0 0 0 0 0 01 0 a0
SIc 0 0 a a0 0 0 0 0 a aS 0 01 £ A

0n' ao 0 0 0 0 00 a 0 A I
total 0 0 0 0 0 0 0 0 0 0 1 1 1 I 2 2
C1II -SQUFAE 0-9 1-2 2-3 3-4 4-5 5--6 6-

Ram sw16 R4aw MV .. lIT It. lIT Ram UP ma" Raw UP Ram UPLS 0 a 0 0 a a 0 0 0 a' a 0 a 0SL. 0 0 0 0 0 a 0 0 0 0 0 O aSIC 0 0 0 0 0 0 0 1 0 1 1 a 0 amm 0 0 0 a 0 .0 0 0 0 0 0 : 1 1TOTRL 0 a a 0 0 0 0 £ 1 1 I 2 a 1
CHZ-SaufI . - 0-1, 1-2 2-3 3-4 4-5 . 5-- 6-T

am. UP Ram Iw RAw MF Raw UP RAN UP Rom MV Ras. IFLS .. .. . .. .. .. .. ... 2.000 .. .. ..SL.- - - -- - - - -- - -- - - -NC- - - - -2.000 - 2.000 6.000 3.500 -- --MWU -- " .. . .. .-- -- -- -- 0.000 0.000TOrM . . . .. . .. .. .. 2.000 2.000 12.000 6.000 3.500 2-000 2.000



rable a E. IuidIan Point harmera test nonito-i ng using & oa
vertical transnducer- located at uinit 3.*"ltake

Tidal Ph...: 3 M4rs beIore' Duration of Tesxt 13 nin hl.r .&3 on Test DateZ 2Z2-416

Low Tide Treatm•nt Type: 13 win continuouas root Times 1957

1, .lnurEs BEFORE TEST PERIoD

Trace
Typo

LS

SL

'"C

mm

. 0-1

1Raw 1SF

0 a

0 O

O a

O 0

1-2

Ram UF

a 0

0 0
* 0

RANGE Cmetews)

2-3 3-4 4-5 S-6

Raw HF Ram MV Ram HF Rem HF

a S 0 O a a a a

0 0 a a a " 0 0

0 O 0 0 0 r 7 -

0 a 0 0 0 0 0 0

6-?

Raw mr

0 0:o 0 :

i •i S
I

O a:8

Total a 0 0 0 2 5 a 0 0 a r 2 a 1 z

13 nzNUTES DIN*KG TEST PERIOD
RAG Cawtors).

0-1 1-2 2-3 3-4 4-5 56 6--Trrce, ------ --
Tpw Ram SW Rau. HF Ram HF Raw W Ram U Rau W Its"a F ZH

2
LS 0 0 a a 0 0 0 0 2 3 2 2 a I:

SL 0 0 0 0 0 a 0 0 0 a 0 0 0 0 1
NC 0 0 0 0 0 a 1 2 3 4 1 1

Um 0 0 0 0 0 0 a 0 1 2 0 0 1S

Total 0 6 0 0 0 0 1 , 6 10 1 .• 3:

1.hI NUTES AFTER TEST PERIMD
Rmug" ote,'s)

0-1 1-2 2-3 3-4 S- -6 G-?
Trace
Trjpe Raw HF Ram HF Ram . • Rawm WF Raw F ,Rau HF Raw EF 2

CHI-S0URRE F-HAV
Total FOR 3 TEST PERIODSE

Ram HF Rau HF

2 i 3. S

a 0 a 0

a 10 9 13

0 a a 1

10 is 13 10

Totil CIHI -SQUARE URLLUES
FOR 3 TEST Pinitons

Rom HF RAw ,*

* a Ls 2.6"? 0.401

o 0 rn; - -

a 12 NC 0.66? 0.4k

a 3 "1 2.000 6.00o
1i as TOTAL I.0?T 3.92S!

CHI-SQUARE - 5.991
Total Cd.f . -2)0

< alpha - 05D

LS a a 0 0LSI 0 0 0 O

SL 0 0 a o

mu 0 0 0 0

Total 0 0 a 0

CHI -SQUARE 0-1 1-2
F-HAT

L 0 0 0 0
SL 0 0 0 0
me 0 0 0 0

TOTm. 0 0 0 0

CHI -SQUARE 0-1 1-2
VapLULES

Rau. up Rem HF
LS .. .. .
SL .. ... ..

Form~ - - - -

0 0 0 0 0 a 3 4

0 a 0 0 0 a 0 a

1 3 0 0 3 9 3 4

0 0 0 0 0 0 0 0

1 3 0 a 3 5 6 a

2-3 3-4 4-5 9-4

Ram UF Ram H RAU M . Ram HF
1 2 0 0 1 1 2 2
o 0 0 0 0 0 0 0
o 1 0. 1 a 3 4 6
O 0 0 0 0 1 0 a
1 3 0 A 3 0 6 0

2- 3,-4 4-S 5-6

Rau F Ra HIFW Rawm WF RAw F
2.000 7.500 - - 2.000 &.000 1.S00 4.000

-- 6.000 - 2.000 3.000 6.66? 3.7MI 1.033
-. 00 --.): -- 2.000 --.-

2.001D 3.333 -. 2.0100 6.000 10.000 0.333 -0.379

0 0 3 4

0 0: 0 0

a
4 4 11 16

0 0±- 0 0

4 4z 14 20

Ram w
0 0
0 0
2 2
0 0
3 3

6-7

Ram WF

3.000 3.000



Table to. Indian Point hoower twat onitoetn usisng dugree
~#rtreel trmwudcew located at nit -. Intake 5.

Tid&& Pthas. 30 i n beforeLOwa Tide kretion, of Toots 10 win 3kw 1.30S on Teot Datae 2240Treatment iwe.; 10 min contiwj~ous Toot Time& 2244Una rid*
0 sINUTES 91FORE TEST PERIOD

VAeVM Cntecmw

Trace

LS

SL

NC

Ttl
Total

0-1

Raow F
o 0

0 0

0 0

0 0

o 0

$-2

Raow M

o a

0 a

o 0

o 0

O 0

2-3 3-4 4--5

Ram WV Raw U1 R40. WV

0 a 0 0 0 0

a a 0 0 0 0
0 0 2 4 * 3I

0 a 0 0 0 0

0 0 2 4 2 3

5-'

Row4 MV

0 0

o a

a 0

0 0

O o

C14 -SQUARE F--MT
-7 Tot&l FOR - rsr pEroDs

Rw 14F 9 Rau UP Ren" M
O 0 : 0 0 2 4

o 0; 0 0 O a
a os 4 1 3 6

0 03 0 a 0 0

0 0 6 4 V 5 10

10 "imNUTES oURIxN TEST PERIOD
RAH" (otoep-s)

rreco
Type

LS

S.

NC

Tu

TOtal

a--i

Rtw MV

a a
0 a
0 0

0 0

0 0

1-2

0 0O 0

0 0

o 00 0

2-3
Raw UP

1 3

0 a

0 0

0 0

1 3

3-4

3 6

0 0

2 4

; 10

4-$

I a

O 0

3 0

0 0

4 r

5-u.

a I

0 0

0 a

0 0

I I

6-1 Total CHI -SDUARE UALUES
FOR 3 rvsr pezaOos

Row, MV I Ram 1 R464 6W

0 0 15 12 LS 12.000 24.000
0 0 0 a0 L - --

a 0 2 5 1 HC 4.000 4.033

I0 0 3 0 0 U TOT - -0

0 0 : 1 21l TO'IM,. 11+o60[0 20'.$100

Lo uIInuTES nFTER TEST PERIOD

0-i 1-2
Trace
Trqv. Iaw MV Ram NV

LS 0 0 0 0

SL 0 0 0 0

HC 0 0 0 0

"M 0 0 0 0

Total 0 0 0 0

Cm4I -staum 0-1 1-2
F-haT

RAo SWF Ram SF
LS 0 0 0 0
SL 0 0 0 0
NC 0 0 0 0
sI. 0 0 0 0
TOTOL 0 0 0 0

CIII-SGUME ~- 0-t 1-2

LS . .. . ..
SL ... ..
NC .. .. . ..
TOT.. ........-

RiANE (wet4o>r

2-3 3-4 4-i.

Raw m RUP na V M4 "

0 0 0 0 0 a

a 0 0 0 0 0

0 a 0 a 0 0

a 0 0 0 0 0

0 0 0 a 0 0

2-) 5-4 4-W

aow MV Row 6W *468 M
0 1 1. 2 0 1
0 0 0 0 0 0
0 0 1 3 2
0 0 0 0 0 0
0 1 a 5 6

2-3 3-4 4-5

3M4 &W ROw hF Rom MF
--- 6.00 $.000 12.000 - 2.000

. .-- 4.000 2.66r 1.500 3.333

6- .000 7.500 9.200 4.000 $.333

S-6

0 0

0 a

0 0

0 0

0 0

5-'

0 0
0 0
0 0
0 0

Ro SW

CHI-SaURRE - 5.911
a-r Total. Cd.f. -p

(aLpha -.. OSV
Ram MV 2 RAs. MV

0 0I a- 0
0 0s 0 0

0 05

I
1 i s 1 S

0 0s 0 0
1t 13 1 1

0 a
0 0
0 a
0 0
0 0

6-I

Rom MV



r4bie £9. 2nd1an Point hammer test monitoring using S ege
vertical transducer located at unit 3& intake.%.

TIdaL Phase2 At High rld Duration of Test! 20 nincor lmn&5 on Test Vat*: 2f2S/8
Treotwent tupe: 20 mis continuous Test TineI 0SS4

. .n . . . ......

so niVUTES B9EFORE rEsr PERzOD
ROMGE cmeters).

0-1 1-2 2-3 3-4 4-9 6-4 6-r
Trace
Trp* Rau Mr Rar M• • -w 1MF Ram MV Ra" W Raw Hi Rau WF

I- a 0 0 0 0 0 a a 0 0 0 a 0 0:

SI. 0 0 0 0 0 0 a 0 0 0 0 a 0 02

me 0 0 0 0 0 0 a a 0 0 2 2 0 0a

Ml 0 0 0 0 a 0. 0 a O 0 - 0 0 1 i

1'4t1 0 0 0 0 0 0 0 0 0 0 2 2 1 I

20 nINUOTES unRIm TEST PEIzOo
RNE(meters)

0-I I-Z 2-3 3-4 ,4"5 5-5 6-7

Tjpw Ram 61F Rem .F Ram HF Rom 1W Nme" M Raw MF RW&" 1 2

Li 0 0 0 0 1 3 0 0 1 a 3 4 0 02

SL. 0 0 0 a 0 0 0 a 0 0 0 0 0 0:

IHe 0 0 0 a a 0 0 a 0. a I I I I I

UMl 0 0 0 0 0 0 a 0 0 a a a

0 0 0 0 1 3 0 a 1 2 4 a 1 A .

10 niNUTES.A1TER TEST PERIO<

0-1 1-2 2-3 3-4 4-5 S-5
T

tlp *asa WF Raba MV R404 WV am W Ma" MW Itm 1W I404 6W

L 0 a i 0 0 0 a 0 a a 0 1

SL 0 0 0 0 0 0 0 0 0 a 0 0 0 0

He 0 0 0 0 o a 0 O 0 a 0 0 1 a

us 0 0 0 0 0 a 0 0 0 a 0 0 0 0a

Tetai 0 0 1 6 0 a 0 0 a 0 0 0 2 22

CuI-SouAMV F-HAr
rot4l. FOR 3 TEST PERIODS

RaI 1W Ra.4 wF

0 0 2 5

a 2 a 2

I 1 0 0

3 3 4 7

rotal CHI -SQUARE UILUES
FOR 2 TEST PRI00oos

Ra 1W 34 64

6 9 LS r.so0 0.400

0 0 51 -- --

2 a NC -0.500 -0.600

a Mid - --

7. rr 3OTal. 3.750 4.S71

CHI-SQUARE , 5."l.
Total cd.f. - 2>(alpha - .05)
Ram. LW

2 6

0 0

03 V.

CUI-S0URK 10-1 1-* 2--

Ram. lap R4aa uF Rom hF
LS 0 0 a 2 0 1
Sm 0 0 0 0 0 0
NC 0 0 a 0 0 0M4I 0 0 0 0 0 .0

T,. 0 0 0 2 0 I

CoI-SGUAK - 0-1 1-2 2-3

Re. HF R4ar MF Rau UF
LI .. .. .. 7.500 -- 6.000
NC . .. .. ... ..- -

TITAL .. .. 7.so0 -- 5.00

31-4 4--5 5--* 5-?

Ram w ROaM iV Ram M 2arn Sir
0 0 0 1 1 1 0 0
0 a 0 0 0 a 0 0
0 a a a 1 1 1 i
0 0 0 0 0 0 0 10
0 a 0 1 2 a I I

3.-4 4-S . .-- r

Ram MF B4ar MF Ram MF RIt. iF

.. .. .- I2.000 6.000 12.000 -- -

. .. .. .. ;t2.000 2.000 0.000 0.000

. .. .. 2.000 4.000 ?.50O0 2.000 2.000



Table CID. Indian Poinit hammser test monitori ng using 6 degree
vertical transdujee- located at unilt 3. intake 3S.

rida.i Phases ott Lowl ride Duration of Tests 10 min Wes LM3S on Test Dates 2f25f88
Treatmnt Tltpet 10 win cmtinuous Test Tines 121S

10 MNUTES s1FOwc rcsr PERIOD

O--c 1--2 2-3 3-4 4-- -S- 6-T

Tq4j tam MT Raw. Ut *4*4 R U Re" UF nRam UO Rao Rau wt I

LS 0 a a 0 0 a 0 a 0 0 a a 0 02

SL 0 a a 0 O 0 0 a 0 0 a 0 0 a

HC 0 a a a 0 0 0 a a 0 1 1 3 32

UM 0 0 0 0 0 0 a 0 0 a a Is

Total 0 0 0 0 0 0 0 0 0 0 1 1 3 31

o MMNUITES oURING TEST PaRzOD

0-1 1-2 2-3 3-4 4-5 S-6 6-7

Typo Rau IF Raiu UTF Ra6 HF Item VF Rau NP Raui UT Rame WP 9

LS 0 0 0 0 0 0 2 4 .4 6 1 1 0 0a

SL 0 0 0 0 0 0 0 a -0 0 0 a 0 2

MC a 0 0 0 0 0 0 0 0 0 0 0 1 I$ 2

wu a 0 a a a 0 a 0 a 0 0 0 aI

rot&l .0 a 0 0 a a 2 4 4 £ 1 1

10 INUTErs AFTER TZST PERI•O
RANGE <meterw>

0-1 1-2 2-3 -3-4 4-5 S S-VTra~e - -

Tjype tw Ram nM bV Raaw U R4"6 UT Ram. WP Ite Ra W ItRem UT

LS 0 0 0 0 0 0 1 2 0 a 0 0 U O

SLo a 0 0 0 0 0 0 0 0 0 02 0 a

HC 0 0 0 0 0 0 a 0 0 0 0 0 0 0

MUl 0 0 0 a_0--- a 0 __0 0_ 0 a I 1 0 -02I

rotal a 0 a 0 0 0 1 2 0 a 1 1 0 02

CHI-SOUnKE F-MAnT
Total FOR 3 TEST PERIODS

Ram MF Ra. UT

a 0 3 4

0 a 0 0

4 4 a 2

0 0 a 0

4 4 5 a

Total CHI --SQUMR ILUES
FOR 3 TEST PERIOoS

Rau UT Roa UT

T &I LS 6.66? 10.250
a 0 UL - --

1 1 MC 3. M00 3.500

0 0 MM - --

0 12 TOrmL a.6am 9.16t

GNU-SGUARE -5.21
Tat•l 4d.f. a>

- _ 44alPha .06)ý

I

0 0

2 3

CHlI -SQUARE 0-1 1-2
F-UAT

RaF UF Rau UP
LS 0 0 0 0SL 0 a a a
MC 0 0 0 0
MW 0 a 0 0
TOTAL 0 0 0 0

CHI -Saul 0-1 1-2
WOLVES

Rau HF 0" 5SF
LS ... . ..

TOTAL -. ..

2-3 3-4 4-5 5"- 6-5T

Rae. UP Ram MF Ram 1SF RAMA HF Rase HF
a 0 1 2 1 2 0 0 0 0
a a 0 a 0 0 0 0 0 a
0 a 0 a 0 a 0 0 1 1
0 0 a a 0 0 0 a 0 a
0 O 1 2 1 2 I I I

2-3 3-4 4-' 5-4 6-?

Rae MFN Ram SIP Rat. HF Rae HF Ra. UF
.. .-. 2.000 4.000 12.000 12.000 . .. . ..

-- - -- .. . . . ... . . 6.000 6.000

-- 2.000 4.000 12.000 l2.000 0.000 0.000 6.000 6.000



Table Ell. Indian Point hammer toot monitori ng usin dre
v'ertical transducer located at unit 3p I9nta&ke *q-*

Tidal Phasesl 4 "r before
Lou ride

Duration of Teste It min N. I 1.3&% on rest Date: 2fZ5/0OT•reatment Trpo: 1i min continuous4 Test Time: 2026

r
T

L

r

S

i1 niJ[iTES vUR1No r£Sr PERIOD

0-1 1-2 2-3
race
upe ItR" WF as" WV - Raw MV

s. 0 0 O 0 1 3

;L 0 0 0 0 0

9C 0 0 0 0 0 0

IMr 0 0 0 a 0 0

aota 0, 0 0 0 a 3

L& I wINUTES irts r£sr PRI[OD

RANGE Cooters)
:3-4 4--; 5.4

a 0 0 0 6 a

O 0 0 0 0

a 0 0 0 0 0

0 0 0 0 0 0
O 0 0 0 6 7

CtHI-SUAMRE F-HAT
6-? Total FOR 2 TEST PERICOS

*e.. V I Rau 1WF Item MF

S 01I r 10 4 S

0 a 0 0 a a

O 0 0 0 0 0
0o 0 , o a 0 0

0 0 a V 10 ,4 £

Trace
Tupo

LS

SL

NC

MW

Total

0

0

0O

0

0

0

I

I

i-2 2-3
RIls MVe I3as MV

0 0 0 0

0 a 0 0

O 0 0 0

0 0 0 0
o 0 0

RRAU W M406wsr•3-4 4-6

te.. ISV Re.' 1M

O 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

o 0 a 0

5-6 6-7 tota* CHI -SWQU[E UV.UES
- ------ FOR 2 TEST PERIODS

Rea W Ites MW I8 Rams HF Raom Isi

0 O 0 a 0 LS 7.000 10.000

0 0 0 a 0 0 SL - - -
2

o 0 a aO -" 0 C ----

0 0 0 0: 0 0 MM - --

0 0 0 a * 0 0 TOTL r.000 10.000

CHI-SAuNr, 0-i 1-2 23IF-HAT
RA. 1AF Re#" MF Itase M

LS 0 0 0 0 1 2
SL 0 0 0 0 0 0
NC 0 0 0 0 0 0
NM 0 0 0 0 0 0
TOTmL 0 0 0 0 1 2

CHI -SOUMM 1-i 1-2 2-3LU.•UES -
*40 MV Ram MF Ram UF

LS --.. .. .. 1.000 3.000
SL - - - - - -NC - -- • - -- -- .. .Mu -- • -- ' . .. .. .. -
TOTIW. .. .. .- -.. 9.000 3.000

3--4 4-5 6-6 1-?

Re.. MF RIem WF Ram MF Rom MF
0 0 0 a 3 4 0 a
0 a 0 0 1 0 0 0 00 O- o a a 0 0 -0
0 0 0 0 0 0 0 0
0 0 0 0 3 4 0 0

3-4 4-9 S-6 6-7
Rme MV Ram U Ram MV Re. MF

. . . . 6.000 7.000 -- ---

- - - - .000 7.000 .. ..-

CHI-SQUARE - 3-41
(cd.fo .05)C•Lpha D .OS



Tib&. E 12. I ndi an Poi nt hanma., test now tori no using 6 degree
u.,-tical transducer located at unwit *3. intake 35.

Tidal Phasau 2 Hl after Duration of Testz 4 min blu 1.345 on rTst Datez 2•'2•6
High lide Treastwont Tlyp: 4 Kin continuous Yest Tinw: 0806

4 NINUTES 3EFOJZ rcsr PERIOD
4 "1][UTES BEFORE TE/ST PERIOD

RAine (eters)

0- 1-2 2-3 3-4 4-5 S-6 4-7

TIP. Ra4 UP Raua UF Raw MF Ras MV Rlw Um R am 1W Ram UT•
--- 3LI a •0 0 0 0 a 0 0 0 0 0 0 0 0:

SL 0 0 0 0 0 0 a 0 a 0 0 0 0 0

NC 0 a 0 0 0 0 1 2 2 3 3 4 3 3:

m1 a 0 a 0 0 0 0 0 a 0 a 0 1 IS

Total 0 0 0 0 a 0 1 2 2. 3 3 4 4 4

4 MINUTES DURII 1EST1IPERIOD
-AM (meter.s)

0-1 1-2 2-3 3-4 4-5 5-6 6-rTrace-
TIp& Rit .F Raw iV RI to ra" SW Ra4 "W Rau UP Raw SU I

LI 0 0 0 0 a 5 1 2 0 a 0 0 a 0 0

SL 0 0 0 0 0 0 0 0 0 a 0 0 0 01

NC 0 0 0 0 0 0 0 0 4 6 a 10 3 3:

u.s 0 0 0 0 0 0 0 0 0 0 2 2 1 1:

rTtal 0 0 0 0 .2 5 1 a 4 a 10 12 4 4 a

4 MINUTES RFTrER TEST PERIOD
MAN"E (Wetera)

0-1 1-2 • 2-3 3--4 4-5 s-6 6-

Tmpe Saw UP RMa UP Ra&& M Raw UP Raw MV Rau MF Rau Ulr 9

CHI -SOUNRE V-NGTT
otal Forn s TEsr PEInnSE

Raw4 M Ram UF

0 0 1 2

0 0 0 0

9 12 11 14
" 1 .1 3 3,

10 13 1s is

Total CH[--SOIMRE UFLUES
FOR 3 TEST PEREODS

Ram UPF Ram MF

3 7 LS $.000 1?.soo

0 0 SL - -

is is mN 1.636 2.21-•

3 23 aam 2.66 2.-6r

a1 as TOTAL 3.333 6.0Ooc

Total d.f. M - 2)
Re" w pa .0)

| 0 0

S 0 0

a 10

5 S

13 15

LS 0 0 0 0 0 0 0 0 0 0 0 0 0 a

SL 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SIC 0 0 a a 0 0 0 0 a 3 K 6 1

14 0 0 0 0 0 0 0 0 0 0 2 2 3 3

Totao 0 0 0 0 0 0 0 0 2 r 1" 4 4

CAT -SuiE" 0-1 1-2 2-3v 3-4q 4-S S-6 -P-HI~r
Ram UP Raw sV Ram .P IRA" w Rawm m Ran UF Ratm Sw

Ll 0 0- 0 0 1 2 0 1 0 0 0 0 a 0
SL 0 0 0 0 0 0 a 0 0 0 0 0 0 0
NC 0 O0 0 0 0 a 0 1 3 4 5 r 2 2
III "Mo 0 0 0 0 .- 0 0 0 0 I I a a
TrFAL 0 0 a 0 1 2 1 1 3 4 r a 4 4

CII -SOUWtE 0-1 2-1-2 3 3-4 4-9 5-- 6-7
VAILUES ----- -------

RAM WU Rom w Rau MV Raw Ul fl R UP Raw S Raw UFRV
L2 . . .. . 2.000 7.500 -- 2.000 - . . . . .
SL -- - - - - - - - - - - -
Nc . . . . .. . . 2.000 0.000 I.S00 3.600 I.T14 2.S00 2.500

-, - -- - 4.000 4.000 O.SO0 0.500
Tdrtl. .. .... 2.000 r.500 0.000 4.000 0.000 1.500 2-.S1 4.000 0.000 0.000

2
a

3

I
-~2

I



rabwe Ei3. Indian Poirt hammer" f.tst monitort.o9 usni 6.dvt
L'.rticat t-ansducrs, I*.attd at Unit 3, if-t.a S.

?1dal Phows,: 2 ku'l aft.er~ini. rt idq.
(kuatjis% .6' Test; 8 min HaV" i.3&5 on rev% 0-te; 2("6/e8

Tromtr.lir. Trp*2 3 "in HS, 5 min Hui. r.*t Tr..: 0. L4............ .. ............ ....... n... ~ a e e a I . ..... ..a nlhkUFESE o.IqNO TEST PERIOo
RI I :oto r- e -

o-L 1-2 2-3 3-4 4-5 5-6 6-r
R4pq M Ram -U Raw 6 R a" UP R.i.f MVF R. MV Rawl MV

L. s 0 0 0 0 11 ,i I) 1L 0 0 0
SL 0 a 0 0 0 a 0 a a a) 0 0 0 n
t0c O 0 0 0 0 0 1 2 .' 3 a to 1 t

0m a 0 0 00 0 0 a) 2 2 4 .4:
Total 0 a 13 0 0 1 2 3 11 s .- 13

a njtiUTrS aFTER r1sr PERIOD
RffINOE -:H.It.#s:*

rt,4bco 
----------- --- - ------ - -J

Vije aw UP Ro" MV 9414 MV Rom 14F no" M Ram UP Ma" UT
LIZ a 0 0 0 0 ( 0 a 0 0
SL 0 0 0 0 0 '1 0 0 (1 0 0 0 0 0
MC 0 o 0 ') 0 1) 0 2 3 1 1 - 2
M" a 0 0 a a 0 0 0 0 3 4 3 3
Total 0 0 0 .0 0 a am a) . 3 4 s 6:

C141 -5Jfi•RE F-HAT
Total FuM Z ES rcrOER)J 0115

I I I I

0 a a 0

32 16 9 11

6 6 6 7
IS 23 Is 1t

Total cm-SQUARE UALIJES
FOR 2,rEST PERIO)5

Pau UF Raw Mw

a LS 1.000 1.000.

0 0 SL -- --

9 a PC 2.902 4.545

r 7 "M 0.000 0.07T

11 13 TOrTA. 2.&33 2.770

$,"1 -S IUMAJ O Rt-
F-HAT .........

Rau MVF Rau MF
LS 0 0 0 0
SL 01 0 0 0
140 0 0 0 0
U" 0 0 0 k)

frmrAa 0 0 U

CHtI -SquflAf 0-i -

10LE ------- -------

ron•n.. -- --... ...

2- "t-4 ,t-5; 5-6 6-?

RaI MF R,0w UF Rau tP R-a" MF R0,4 MU0 0 C, 0 a a ) 1 0 a0( 0 q 0 0 0 0 a 00 0 1 1 2 . 5 6 2 '0 a 0 0 0 A) 5 3 4 4
0 a 1 1 2 3 0 8

2-3 3-4 4-5 5-6 6--

Raw MF Ra& MF Roow MI' 7 Rap MF RAW "r
.. .. .. .. ..- -- -... ..0001 1.000 -

.. ..- 1.000 2 .0010 0.000 O.00O 5.444 r.364 0..333 J.333.. .. .. ... .. .. 0.200 0.E;p 0.43 0.143.. .. 1.000 2.000 0.00, 0.OO,) 3.26- 21.556 0.000 0.000)

CIII-SOIJARE - 3.541
(1.6. - 1)

- .05)



la&blv V14. Inoliatt Poinit haotmor test ný.t tarin. u I. Sq degee.
t-ortical tý,Mnsducivr located at uuil 3. irtatM( 35.

Tidal. Phase: 2.5 Hrs m~twr
"Sgt. Tide

Dluration. of Test". 6 "in %Mrs L&3 ov.l*. Test pal:*: 2f26166
Trratuint Typal 6 min cortit..uUs T.xt rime.: 0020

. . ........ ....... ..... w.... . aa .. ........ ... ..af..aw .ese r m ... a . ........ .... . ... .
G MN~iUTES DURING TEST PERIOD

RMGE <4*tees>

Q- L 1-2 2-3 3-4 4-6 S-4 G-?

TRa Sta M R4.4 ma Ram F" R4164 MF RIat MV Roa MV Raw MV

LS 0 a 0 0 0 .0 0 0 0 .4 S a 0
SL 0 0 0 0 0 0 0 0 0 0 0 0 0 0:

NC a 0 0 0 0 0 0 0 0 0 2 2 3 3:
m 0 0 0 0 0 0 0 0 0 0 0 0 2 2

Total a 0 0 0 0 0 a 0 0 0 6 7 5 S

a mriLJTEs AfTeR resT PERIOD

0-9 1-2 2-3 3-4 4-15 --Tr ace --- -- --- ---
Rape f V W Sm& MT adW Raw UV Rat WW4 MV *4N SW Ram MT

Total FkW: 2 TEST PECRIO00S

its" UP Raw M

4 5 2 3

0 0 a 0

5 S 3 3

2 2 1 1

11 12 a r

total CHI-SOJARE UALUES
-FOR 2 rEsr PeRIODS

V.a" W RMw uP
LS

SL

14C

MM

Total

0 0

0 0

0 0

0 0

o 0

O 0

o 0

o 0

0 0 0 0 0 0

0 0 0 a 0 0

0 0 0 0 0 0

0 0 0 0 a- 0

a 0 0 0 0 0

0 0 0 0 a 0 0 LS 4.000 S.000

0 0 0 0 a 0 0 SL -- --

0 a 1 1 : a I mC 2.667 2.66?

0 0 0 a a u mN 2.000 2.000

0 0 1 1 : 1 1 TOTRM 8.333 9.3"0

C"I-SQUSPE 0-1 1-2 2-3 3-4 4-S 5-6 6-T CHI-S-a•RE - 3.941F-HOT -- d. F. - 1)lRam MF RaW MF Ra M6 1F. MF UP Rai. Ra M Rom MF .alpha - .053)LS 0 a 0 0 0 0 0 0 0 0 2 3 0 0SL 0 0 0 I) 0 0 0 1) 0 0 0 0 0 0tic 0 a 0 0 0 0 0 0 0 0 1 1 2 2um 0 a 0 0 0 0 0 0 0 0 0 0 1 1
TOTAL a 0 .0 0 0 0 0 a 0 a 3 4 3 3

CHI -SqUAM 0-1 5- 2-3 3-4 .4-5 5-6 6-r
UPALUESl----- -- ----- --------------- --------- --------- ---------

Raw M RF 4 U" Raw IF ft.. MT Rawm UT, R Ram. Mm* Raba MFLS .. .. .. .. .. .. .. .. .. . 4 5.000 .. ..

S.2.000 2.000 1.000 100o)AL .. .. .. .. .. .. .. .. .. .. . . . . 2.660 2.64?



Table ElS. Indian Point ha~ie.- toot monitoring wsing 6 d•.gv
voertical transducer located et unit S. intake -b

Tidal Phaos* 3 Hrs after
MIch Tide

Ouretlon o.f Toev1 10 Kin bas 1,35l on Test Datel 2f'26S&
Treatment Tjwpet 10 min contimrous Teat Tanes 0049

flflfl

10 mINU rS BEFORE rxsr PERIOD
RANGE e"t-m")

a- & 1-2 2-3
Trace ---------
Tupe Ram HF Rom MF Ram SF

LS 0. 0 2 9 0 0

SL 0 a 0 a 0 a

NC 0 0 0 a 0 0

115 0 a 0 0 a 0
Total 0 0 a 9 0 a

io n mIUTES DURNGm Tresr PERIOD

0-1 1-2 2-3Trac.e
TVp" Sam MF Roe MV Wa1 UF

LS 0 0 a 0 a 0

SL 0 0 0 0 0 0

NC 0 0 0 0 a a
Om 0 0 0 0 0 0

Tota1 0 0 0 0 0 a

1o mI IuT[S AFTEt TEtT PEaZOo

S0-1 1-2 2-3

TUIpea RAW ERam M F Rome UP

3-4 4-5 S-S 5-T

ase WF Raue HF Rame H Rasa MF 9

0 0 I 2 0 0 0 01

0 0a

0 0 0 a 1 1 0 02

a 0 2 4 4 5 6 53

CIII -SQUARV F-HAT
total FOR 3 TEST PERIODS

Ra 1PF RaOW MF
3 13 1 4
1 a 0 1

S 10 1t 2S

14 24 20 25S

LS a a a 0

SIL 0 0 0 0

NC 0 0 0 0

um 0 0 a0- 0

rotal 0 0 0

CHI -SQJARE 0-1 i-*
F-HAI Ram• ",F Rom, IIF
LS 0 0 1 3
SL 0 0 0 0
heC 0 0 0 0
"IM 0 0 0 0
TOTAL 0 0 1 3

CHI -SauAR -- 1-2

Ras HF *as0 HF
LS - - 2.000 1".O00
SL' 2.00 10.000

TOTIA. -- -- 2.000 10. 000

0 0

0 0

0 0

0 0

0 0

-_2-3. -

0 0
a 0
0 0
0 0
0 0

2-3

Rame MF

3-4 4-S 5- $- Total CHM -SQUARE VALUES
rOa 3 TEST PRIUODS

Ram, MV REas HF Ras aF a P HF Ram HF WRam uIP

0 a 0 0 1 0 0 0 1 1 LS 6.000 10.SO0

0 0 0 0 0 0 0 0a 0 1 SI - 2.000

0 0 2 3 12 is 4 43 16 "c I 5.0o6 Y.294

0 0 0 3 4 3 32 S V 1 4.-3_ ".000

0 0 2 3 16 20 r V 25 30 TOTAL 3ý. 100 3.200

*ARM s CHI-SQUfES - 5.191
3-4 4-9 $-6 S-V Total (d.fr. - 2

_ (alpha - .05)
as HIF Wtas HF as Hm F Ras W Rae. MV

0 0 0 0 0 0 03 0 0*
0 a+ 0 0 0 0 0 0 0a s 0*
0 0 0 0 10 A2 9 9 1 25

0a 0 0 91 13 0 1 1 as 23

I

0 0 0 0 11 13 10 10 3 21 23

3--4 4--1 5--5 5--T

Mae. HF ae4 dF RUP Mia RUBa MF
0 0 0 1 0 0 0 0
0 0 0 1 0 0 0- 0
0 0 1 1 8 10 s 6
0 0 0 0 2 2 1 1
0 0 1 2 1o 13 0

3-4 4-5 S-S S-V

Rae HF RasW UP Ease HF uasp Ram
. ...- - m2.000 -.. .. ..

.. ..- 2.000 •.000 G.i;25 7.SO0 3.1;; 3.15
. .. . .. O0.S00 31.000 o.000 6.000

.. .. 4.000 5.500 6.3400 ?1.692 0.12"5 0.25



Table E16. Indi an Point hammer test .n te.n] using S deor.
vertical tran~sducer tocated at unint 3, intako 5:

Tidal Phases 3.5 1rs after
Hi2gh Tide

koratklon of Tests 10 vuin kw-s 1,36S on rest Oates 2zf26toTroetsent Ttypo: 10 In conttnuous Test Tines 0924.flOnSflana.*flSesflSfSinflinSaSSininaflainfl
10 IINUTES OFdra reSr Freroo

R~4RS (nte.-e~

Trace

LS

SL

NC

Total

0-i

Rawm UF

O o

O 0

0 -O

o a

O a

1-2 2-3 3-4 4-5 6-4
Rtai SW Rau WV 94U SW Raw WV MAM Ur

o 0 0 0 0 0 0 0 1 I

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 13 20 12a i5
a a 0 0 a 0 0 S, a
0 0 0 0 0 0 &3 20 tS 22

CHZ -SOUII1 F-HRT
G-T total FOR 3 TEST PRIODS

Rawma SW I R w Raa UV
0 0 : 1 1 3 3

0 02 0 0 0 0
a

1 1 2 32 42 to 36I
4 4 1 1O 0 .1

i 1"| 4i2 53 to C 46

10 NI HUlES wReI a TEST PE.IR S
MRAS <Ntekrs)

Trace
TWO

LS

St.

NC

Totals

0-I

Raw 14V

0 0

0 0

a 0

0 0

0 0

1-2 2-3 3-4

Raw tW as" W Item W

0 0 0 0 0 0

o 0 0 0a a 0

0 0 0 0 0 0
a a 0 a 0 0
0 0 0 0 0 0

-4-S 9-6

REa SW Raw SW

0 0 0 a

0 0 0 a

1& 14 I1

0 0 5 G

&.2 is 19 23

s-i T~t.1 CIII -SQUIARE ULLUES
F-o 3 TEST PRitOoS

IRem SW R4" UW Ite rW

5 B I S LS a.147 4.000

0 0 1 0 0 SL -

4 4 so0 3 NC a.000 4.020

1 10 6 7 -ww 6.70 9."4r

t0 10 1 41 51 TOTAL. 0.974 3.456

10 "IW•UES rTCB TAFE T PERI[OD
aRAN 4"eters:

a-& 1-2 2-3 3-4 4-5 S-6 ,-7rrac KW- 
-Tipwe R. iW 110a SWpt. R Mt li W staw SW ROM& ISW it. SW-

LS 0 0 0 0 0 0 0 0 1 2 a 2 0 0
SL 0 0 0 0 0 0 0 0 0 0 0 0 0 0
NC 0 0 0 0 0 0 0 .4 a iS 1s 3 3
mu 0 0 0 0 0 0 0 0 0 0 5 6 d4 4
Total 0 0 0 0 0 0 0 0 5 0 22 27 r 7
CNI -SUARURE 0-1 9-2 2-3 --4 4-5 5-6 -1-F-Hmf

-lraw. w Rau Sr Ra4 UP Saw up Raw MF RaOW 6 Rw4 mFLS 0 0 0 0 0 a 0 0 0 1 1 1 2 2SL 0 0 0 0 a 0 0 0 0 0 0 0 0 .0"C 0 0 0 0 0 0 0 0 i0 15 14 1i S 5Mw 0 0 0 0 0 .0 0 0 0 0 5 6 3 3TOTAL 0 0 0 a 0 0 0 0 10 is 19 24 9 S
CHI -SQUARE - 0-1 1-2 2-3 3-4 4- 5-6" 6-7

RAw SF Eaw4 UF Raw MP Raw4 SIF R4a4 F 046 S Raw IIFSL LS.. .. .. .. .. .. . .. ..--- - 2.000 2.000 2.000 7.500 7.50051. .... -- - - --- . . .. .-- .. .. ... .. -
NC .. .. . .. .. "-+ -- . . .. 3.900 a.6"? -0.643 0.471 0.800 0.000
"m 29 6... .. . .s73. 0.000 0.000 a.000 a.000
TOTFI. . .. . --- •-.. .-. 3`. $.53` 2.S26 0.563 2.000 2.000

CNI-SsUaRE -5.1
Total (d.fo - 2)

(alpha ", .09)

I a 0

I

I I 10-I
3 )4 42



table Ear. Indian Point havwwrl test seonitovirl" using 6 degree
vertical tv-ansducor located at unit 3. tIntak~e 35.

Tidal Phase: 3 W4,s befoore
Lo" Tide

Duration of Temti to min Imr 5 onlyj Test Datez 21z6r'5
Treatnent Typwg 10 nin contime*rs Test TInel too?

..... l...... B....................R ~ I • • M R • l• l • ii g l• a M| U ~ g n UlLO nimures BsFtrE TESr PERIOD

rrec*

LS

SL

HC

Mlm

0-1 1-2

o 0 0 0
a 0 0 0

0 0 0 0

a 0 0 a

Rom wr

a 0
0 0

0 a

o 0

o 0

RAMe" <00to-s> 35Wg~es)CHI -SQUARE FI4AT
3-4 4-5 5-9 6-r Total FOR 3 TESr PERIoDS

Raum UP Romi MW Romi UP Ram. MV I Raid W Rau4 MV

a 0 1 2 0 0 a 01 1 2 1 2

a 0 0 0 0 0 0 a 0 0 0 0

2 0 1 2 15 1i 10 is1 20 * ilk 23
0 0 0 a 2 a 2 2t 4 4 2 2

0 0 2 4 IT 21 12 13 2 31 30 2a 2e

10 nimirES oURINo TEsr PERIOD
UfeleE Custerw),

0- • 1-2 2-3 3V-4 4-5 *-*•&-

Typ Ras MF ai MV Ito" M *a" V RiM RauI UP Ra MW :

LS 0 0 0 0 0 0 0 0 01

5L. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 a

me 0 0 0 0 0 0 0 0 4 S I- 14 12 13•1

um 0 0 0 a 0 0 0 0 0 0 2 2 1 11

Toi a 0 0 0 0 0 0 0 0 4 6 13 is 13 14 3

10 AINUTES •FtER TEST PERIOD R risate")

0-1 1-2 2-21 3-4 4-5 S 6-7
Trace ------ -- ---- - -- --
Type RAUi W" Rasa UP R4 UP Rom. U Rau4 I U MV Rau 14 Re. MF
LS 0 0 1 5 0 0 0 0 0 .0 0 0 0 0

SL. 0 0 0 0 0 0 0 0 0 0 0 a 0 a

14C 0 0 0 a 0 0 0 0 0 0 4 5 1 1'

MM a 0 0 0 0 a a 0 0 0 0 0 0 0

Total 0 a 1 S .0 0 0 0 0 0 4 S 1 1

Total CHI -SQUARE SVALUIES
-- FOR 3 FEWT P2.3100

Rau MU Rot8 UP

0 0 LS 0.000 7.600

0 0 SL --..

27 33 MC 17.263 22.435

3 3 1M .00 S .SO50o

30 36 TOTM.. 19.22? 1i.179

CHI-SQUARE - 5.191
Total2 Wd.f. 2-2)

,(alpha .OS)
Ram MU

0 0

5 6

0 0

S is

CHI-SOURM[ 0-1 1-2
F-ART

LS 0 0 0 2
SL 0 0 0 0
"C 0 0 0 0
iMR 0 0 0 0
TOTAL 0 0 0 2

CHI-SQUARE -. 0- 1-2
VALUJES --

Ram MF Rami MF
LS .. .. .. 7.s00
SL .. .. .. ..
NC ---- -- r . ..
TOfVAL .. --... .. 7.50O

2--3

*osa UP'

0 0
0 0
0 0
0 -U

2 -3

Rosu MV

3-4 4-5 5--6 6--

0 0 0 1 0 0 0 0
0 0 0 0 0 a 0 0
0 0 2 3 10 13 e 8
0 0 0 0 1- 1 1 1
0 0 2 3 11 14 9 9

3-4 4-6 S-6 6-7

Rau. MU Ruam MF Ram MV R MF
-- - -- 2.000 - - -- -

-- ---- •3.500 5.333 6.200 r.?9 7.5622 11i.375

.. .. . . .. 4.000 4.000 2.000 2.000
-- -- .333 9.0191 9.57S 0.899 S2.667



Ta•blEse. Indian Point hamm'.er test mn'itoring using G dse.-&ve'rtical transducer Iocatwo at unit 3. intake. 3

Tid&1 Phase: 2.5 Mrs before Duration of rest-.: 10 t 14vr 1*5 w.v1i rest o4te: 2t26i/sLU. Tid. Treatment- Tupe: 10 min continuous Test Time, 1027
10 Mir4UTES IDURING TES PEtRZIO

RMwuu Cmetiprs
1)-1 1-2 2-! 3-4 ,4-5 I-i- . fi-?Trac ---- -- ---- -- -.-

T-p. Ram lt" Raak UP tn UPF Ram W" Re" biF R 4 UPF Rtu Ur
L5 0 0 0 0 0 0 3 £ 1 2 1 1 0 0
SL a 0 0 0 a5 a a 0 a 0 0 a 0a
Mc 0 U 0 1) 0 0 0 0 1 2 4. S 4 ,:
M1U 0 0 0 0 0 a 0 0 0 0 0 0 0 .*
Total 0 0 0 0 0 0 3 . 2 4 5 6 4 4

to nz Mures nFrrv TEST PERIOD

13- I --22:!• ---- ---; --- ---Tr ac-
rT.p Ro U ----- UP _ - UP Re U• tom UF *aaa HF thu UF-------------------------- ---------------------------- ------- ----------------------LS 0 0 0 a 0 0 0 0 0 0 0 0 0 0.
SL 0 0 0 0 0 0 0 0 0 0 0 0 0
MC 0 0 0 0 0 0 0 0 1 2 1 1 1 A
"M 0 0 0 0 0 0 0 0 0 0 0 0 L £------ ----------- ------------------------------------------- ----------- --------Total 0 0 0 0 0 a 0 0 1 2 11 1 2 2

CHI -56i)UPE 0-1 1-2 2-3 3-4 .!-5 5-6 6-"F -Hu~T
I UaH F Ra mIT It , F Ui Rtau MV Rel . UF Re" 1FLS 0 0 0 0 0 0 2 3 1 1 1 1 0 USL 0 43 0 0 0 0 0 a 0 0 0 0 0 ApNC 0 0 0. 0 0 0 0 U 1 2 3 3 3 3will 0 0 0 0 0 0 0 0 0 0 0 0 1 1ForN. 0 0 0 a a 0 2 3 2 3 3 4 3. 3

• ;HI -SQURPFE 0-1 4-2 2-3 3-4 4-6 5-6 6-7IRALOES ------!-......
Cin. MF 0404 Ut t... UFF **. UF Raw 14F Ram. U pop UFLS. . . . 3.000 6.00o) 1.000 2.000 1.000 L.000 .. ..SL .. -- -- -- .. ... ."IC . . . .. . . .. . . .. . . . 0 .0 0 0 0 .0 0 04 1 . 000 2 . 6 6 7? 1 . 0 0 3 .8 0W--l - -- -- -- 1.00. 1.004)WOTr. .. .. - 3.000 6.000 0.333 0 .T. 2.47 3.571 0.66r 0.4"r

CHS-SOIJAtC P.4*,
rotal Fop. risr PERIOOS

Raw LAF Ram Mr
-S 9 3 5

o a 0 0

9 11 6 B

0 0 1 3

14. 20 9 13

Total CHI-SOIUER UALUJS
- - ------ Fak2 ESt PERIOOS

Pau UP R408 UP

0 0 L5 S.000 9.000

0 0 SL .. ..

3 4 heC 3.000 3.afir
1 I Mi 1.000 1.000

4 T VOTL. 5.SS6 $.000

C145-,OOMI.E - 3.6I41(d.f. - 1)
CaLpha - .05)



T.ibl* C19. In.l1.. Poihnt hamnr- te.t =o1nttortng uxlrwj 6 dwgrve
vertical t•ansducJ¢ loetted 8t -Anit 3. intake 35.

ridai Ph4s.: 2 Ws befoew
Lou Tide

Duration of Test: to "t n Hmr 1,MS ots Text O-to: 2/-6fB8
Treatment Type: 10 min conrinuoo.a rest Timet 104T

..... . .ll .....ii. . ..... .I .. . . .l. . S i i i i . i l ..ii ..i . i
10 IO MJTES DURIHO TEST PERIOD

R~at(.*twrs)
Clii[ -i.QUAtRCl F-H4TI

rac ----- 1-2 2-3 3-4 4-S S-6 Tota FOR 2 EST PERIODS

P464CRa MF 2aw UV now MV Rau UV Rau I-V Rau UF Ra a" 1F Rau MV Rau tsr
LS 0 0 0 a' 1 3 0 0 0 3 0 0 ( 0 I 3 1 2

S.L 0 0 0 0 0 0. 0 0 0 0 0 0 0 0 0 a 0 a
14C 0 0 0 0 00 0 0 0 0 2 -: 2 2 4 4

Ila V 0 0 0 0 a 0 a 0 0 0 a) .

Tot mi 0 a 0 0 I 3 0 0 0 0 0 0 2 2

10 "INUTES AfTIER TEST PERsOC
RAMHEI <Cstwrs>

O-- 1-2 2-3 3-4 4-5 S-6 6-T
Trra-= --- -- -- - - - --- - - -- -- - ---- - -
Type Iau I- F Raw MF Rau MF Rau MF Raw• 6 Raw MF Ram. UM 2

--- ----------------------------- --- ------------------------------------ - --------- *-- - ---- 2I
LS 0 0 0 0 0 0 0 0 0 0 0 a 0 0

!50 0 0 0 0 0 0 0 0 a- 0 0 0 0

"C 0 0 0 0 0 a 0 0 1 2 0 0 4 42

MM 0 0 0 0 a 0 0 0 0 a 0 0 0 0
S-------------- ---------- -- -----

Total 0 0 0 a a 0 0 0 1 2 0 n 4 .4

0 0 0 0

3 S 4 6

Totl CI1 -SUFUiRE UFILUES
........... zO TEST PERIODS

RP.a MWm R WM

0 0 LS 1.000 3.000

0 0 SL --

5. 6 "C 1.2e6 2.000

- -- 0 0 MM ..

5 6 ToTr. 0,500 0.01.

CHI-SOIQARE - 3.64%
(4d.. -'I>
(CAlpha - .05)

iCH! -- IUJLW.! 0-1 1-2 2-3F-AT ---
RAM MF R464 R MF Raua MF

LS 0 0 0 0 1 2
SL 0 0 0 0 0- a
14C 0 0 0 0 0 0
MM 0 a 0 0 0 0
Tr*TAL 0 0 0 0 1 2

WMI---S)UfSPE 0-I 5-2 - 2 -

PRau MF Raw MUF 2-4 MF
LS . .. .. .. .. 1.000 3.000

SIL ---- -- --

ror•al. -. 000. 3.000

3-44-55-6 fi-r

Ram. MU Rau UF RON MF Rau MF
0 0 0 0 0 a 0 .0
0 0 0 0 0 0 0 0
0 a I 0 a 3 3
0- a 0 a 0 0 0 a
0 0 1 a 0 0 3 3

3-4 4-5 6-6 6-7

Raw hF Rau M Rau MF Rau MF

-- -- 1.000 2.000 . .. .. o.66T 0.647

.. .. 1.000 2.000 .. . 0. 0.44?



Table E20. Indian Point ha~uer~ test nonito.-ing using 6 deqCee
vef-tical transducer located at unit 3. intake is.

Tidal Phase: 30 win after
Lose Tide

Duration of Testt 10 mwin tHr .3.tus on Test Datea$ 2i261/
Treatsent Tipe- .10 poin continuous Test TincI 1346

U- - 0 . ............... i ...... .tl --- l#81l I~l~lW • ll llll M|N H H I111 • |l ~ l # •II II Hlgll|I| ll • | ~ m N • lf
10 MINJTES BEFORE TEST PERIOD

RIfCW (setes)o

0-1 1-2 2-3 3-4 4--5 F--O a-
Tracme ------
TWpc Raw IF R*a" IF Ram UT Ram WT Raw WF Rom UT RalM IF S
Lf 0 0 0 0 0 0 1 2 0 0 4 6 3 32 S
SL a 0 0 0 0 0 0 0 0 0 0 0 0 0a

hC 0 0 0 a 0 0 0 a 0 0 4 S 0 0 1

14mm 0 0 0 0 0 0 0 0 0 a 0 0 0 a01

Total 0 0 0 a 0 0 1 2 0 0 8 10 3 32

0 ra INUTES WUR]NG TEST PeRIOD RAMSC <noters)

0-1 1-2 2--3 -4 - 5-- 6-TTrace --- --- - -
ru,"e Mmw UW Raw Ut Ro• IF Raw UF Raw IF Raw IF Roam UT

LS 0 0 0 a 2 5 2 .4 1 2 3 4 0 0 I

SL 0 0 0 0 0 0 0 0 0 a 0 0 0 0 1
me 0 0 0 a 0 0 0 0 0 a 0 0 0 0a

Um a 0 0 a 0 a 0 0 0 0 0 0 0 01
Tota]L 0 0 0 0 2 5 2 4 £ 2t 3 4 0 01

10 MIrNUSTES AFTER TEST PERIOD

RIomeO <Csete,'")
0- 1 1-2 2-3 3-4 4-5 5-6• 6-7

Trweerwpo am" UF Re" W RA w ftLm Wd Ram WF 24 UP R&"m M I

CHI -SQUARE F--AT
Total FOR 3 T3S1 PERIODS

Raw WF Ram MV

6 10 S 6

0 a 0 0
4 5 1 2

0 0 0 0

12 IS r 10

ratAl CHI -SQUARE UALUES
F-OR 3 TEST PERIODS

Ra UT L5 a.. UT0tS ~
is1 LS 1.600 15..625

0 0 Si- - --

0 0 mc 12.000 V.SO0

a a mN - --

0 15 TOTAL 9.rs4 15.000

CHI-SQUARI M 5.191
rot&& Cd.f. -

-- alpha -. 05)Raw IF

0 0

0 0

0 0

0 0

LS 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SL 0 a 0 a 0 0 a 0 0 0 0 0 0 0

NC 0 a 0 0 0 0 0 a 0 0 0 0 0 0

"md 0 0 0 0 0 0 0 0 0 0 a 0 0 0

Total 0 0 0 a 0 0 0 0 0 0 0 0 0

CII -SaUARE[ 0-i --2 2-3 3-4 4-6 S-- G--F -14•T - -- -
Rawd iF Ram up Ra*4 UF Raw UT Raw4 WIF Rag 14F Raw4 UFLS 0 0 0 0 1 2 1 2 0 1 2 3 L I

SL 0 0 0 0 0 0 0 0 0 0 0 0 0 0
NC 0 0 0 0 0 0 0 0 0 0 1 2 0 0mu 0 0 0 a 0 0 0 0 0 0 0 0O 0 0TOTAL 0 0 0 0 1 2 1 2 0 1 4 5 1

CHI -SQUFARE -, 0-1 1-2 2-3 3-4 4-5 5-6 a-rUALUES ....---.-- -------.----- --- -------
Raw UP Raw uP Raw Id Raw" UF Rom u6r Rem: I Raw L

LS .. .. . .. 2.000 7.500 2.000 4.000 -- 2.000 5.500 4."47 6.000 6.000
SL - -- - - - - - - -- -- -- -- --
NC . .. .. .. . .. .. .. . .. 12.000 T.SO0 - --

TOTAL .. .. . .. 2.000 7.500 2.000 4.000 - 2.000 7.250 9.200 6.000 6.000

I

'1



Table Ezi. Indiani Polint haeamai- test umonitorin uuing & S *
vertical transducer located at ufr.A 39 luitak.os

Ti detý Phaset 50 "L" before
High rid.

Duration of Test: 10 min How 1.3,.*S on" Toet Date: 26zI/00
Tre.te.nt t~mp: $0 uiin coninmuus Test Time. 1800 -= ............ . ....

iio nImJuTEs URie TEKST PERIlOD
RVWIO (ei.tesrsp

- 1 1--2 - 2-3 3-4 4-5 5-6 6-?
Two tRA Mr Rte" w Rnow U1F aw MV 94W NF R4# W Re"a &W
LS 0 0 0 -0 2 5 0 0 0 0 1 5 0 0 u

SL 0 a 0 0 0 0 0 0 0 0 0 0 0:

"C 0 0 0 0 0 0 0 0 1 2 2 2 0 01

au 0 0 0 0 0 a- 0. 0 0 0 a 0 0 0:

Total 0 a 0 0 a 5 0 a 1 a 3 3 0 0 4

10 MINUTES OuRS me TEST PERIOO
RRANE <meta-s>

O- 
2 
1-2 2-3 3-4 4-$ 5-4 6-?

____a____ a M Rs U AMU Rau. IW* Ra NVa

LS 0 0 0 a 0 0 0 0 " 1 .0 0 0 0 8

SL 0 0 0 0 0 0 0 0 0 0 0 0 a 0a

KC 0 0 0 0 0 0 0 0 0 0 0 0 0 0:

0 a 0 0 0 0 0 a a o 0 a 0 a
Total 0 0 0 0 0 0 0 0 0 0 0 .0 0 0

10 "1NigS AF TER TvST amno

RANGE cmwtqoru.

0-1 1-2 2-3 3-4 4-5 S--
T

v" Rae UF Raw e-W Row MI R4ae MV now b RAM N Ro" Ur

LS0 0 0 0 5 0 0 0 0 0 0 0 0a

SL 0 0 0 0 0 0 0 0 0 0 0 0 0 0

uC 0 0 0 a 0 a 1 2 2 3 a 2 1 o

Mu 0 0 0 0 0 0 0 0 0 0 0 0 0 01

rti 0 0 0 0 --- --- 1 2 2 3 2 2 1 1

CHI -SOJUARC F-HAT
Total FOR 3 TEST PERIODS

RaW 8* Re. MV

3 6 2 4

O 0 0 0 .

3 4 3 -4

0 0 0 0

Total CMI -SOUARE: UA•LlES
FOR• 3 TEST Pl•ERooS

Raw 14V Rae MVr

S, 0 0 IS 1. •500 4.250

0 0 SL .. .

0 0 NC 5.000 6.000

0 0 KU, - *--

0 0 TO1l. 5.O00 10.525M

CHIr--sUARE ,m5.9
Totaf Cd.4. - 2

- -• (alp4ha .OS)

S 0 0

6. *
0 0
; ,3

CMI -SOUlRIE O--S 1-2 2-3
F-Hnr

04" WI Rae. MF Rau. SF
LS 0 0 0 0 1 3
SL 0 0 0 0 0 0
NC 0 0 0 0 0 0
1MW 0 0 0 0 0 0
roraL 0 0 0 0 1 3

CHI -SQU•RE 0-1 12 2-2
UALUWS -

w it. V a. - I Re UF
LS - -- - -- 4.000 G.55?
SL . .. .. .. . . . ?

OTom. ... . . 4.000 Sk.Ge

3-4 4--5 5-(

Rae" MF Re.u &W Roe. MF
0 0 0 0 0 00 0 0 0 0 0
0 1 1 a a 10 0 0 0 0 0

_-4 4-S 5-S

RON. MF Raw . lP Rf.. MV

- 2.000 2.000 1.300 4.000 4.000

-2.000 2.000 1.500 1.500 1.900

5-?

Rae" MV
0 0
a a
0 0
0 a0 0

6-r

Rau. Mf



Table r2z. fr.is .*, Pots. hanwq..e test .otritov-nq usit Gd o
,*..ttcal tra&nd•s•- lo,- atd at unit 3. 3, , i.h

Tvdol Pb.o.- 2 "'s ,rik-e Dweatia ofr roTi: - 0 t S" Nth 5 only
itimgi ri. Tr#&tvwnt Types 1O "Ln contirgous

T.st O-te: 20-"O/e8Test Timol 2040
.. ... ..... - -- -l ------ -n a -n ------S ---- w

to nimirEs oumeo TESt P[In0
tMOME to,-tors).

0-1 1-2 2-3 _3-4 4-s S-6 6-"
Trace -- -- --.- -- --.- ---..---.-.-- --.

Type.. Ram . Rom F Raw Mr *am 61r Ram MF Raik ur

LS 0 0 0 0 0 0 0 0 0 0 0 0 0 0:

St. 0 0 0 0 0 0 0 0 0 0 0 0 0 02

HC 0 a 0 0 0 0 0 0 2 3 8 10 1 t

U" 0 0. 0 0 0 0 0. 0 0 0 0 0 0 0 1

Total 0 0 0 0 0 0 0 0 a 3 0 10 1 II

'O n"lUTrES FiTrr TEST PERIOM RANE e.*.s

0-1 1-2 2-5 3-4 4-S 5-6 s-r
Trace -- - - - - - - - - - - -
TypeMr oma UP Rau. WV *mw u Rom UP Reaw UP Rnu uM I

ci-sounRE F-HfqT
Total FOR 2 r'ST PERIKOW:

Raom SI Rau UF
0 0 0 0

0 0 0 0

11 14 11 14

0 0 0 0

11 14 11 14

Total CIIU -SORIE IVALUES
--- - - - - - - - - - -- - R 2 TEST PERIODS-

Raw UF Rate UF"

S 0 L .. ...
0 0 St. .. ..

10 13 NC 0.04s O.3•Tk

0 0 121 --

10 13 TOTAL 0.040 0.011,

LS
5L

NC

UNM

0 0

0 0

0 0

0 0

0 0

0 0 -0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0

0 0

0 0

0 0

0 0

o 0

0 0

1 2

0 0
1 2

0 0
0 0

10

0 0
* 30

o 0

0 0- -

1L 1 2

CH] -501033E 0--
F-Ni-T-

LS 0 0
t.L 0 0

Ne 0 0
"M 0 0
TOTAL 0 0

I.1 -- ---

ror,L. .. ..

L-2 2-3 3-4 4-5 S-6 6-?

Rau UF Ra•e MF Rom lIF Ratm MiP Ras. UP Raw &
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 2 3 8 10 1 t
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 a0 0 2 3 0 10 1 1

1:2 i-3 3-4 4-5 5-6 6-"

Rw uP RON LF Ram UP Rau MF Ron UP INU UP

.. .. .. . . . 0.3-13 0.200 0.000 0.000 0.000 0.000

.. .. .. .. . .. 0.333 0.200 0.000 0.000 0.000 0.0o04

Ct--SC;P•RE - 3.041
(d.f. - I>
(alpha - .O5)



rjbA* C23.. Is..Jia.. Poiftt h~amer~ test wsonitor.-1.9 usln9 4 degree
.. vwtlcal tranadupcor located at unit 5 . ntotko, S.

Tidal Phase: 4.9 Mrsu bwfo-. Dura.tion~ of Test: 1 .t . 5o
Lea. Tid* Treat,.ent Top*: 10 Zl~n onu

Tt-:t MAe: 2Z.-61,06
rat raw.0. 21OO-------------------- . . .... - - - --------- - --- - ----- -- .......

so mnI6rES DUImNo TEST PERIOD

Tra.:.

LS

f4C

us

0- 1

Rau. M

o 0

o 0

o 0

o 0

1-2 2-3

Raw. MI Rau IF

o a 0 0

o 0 0 0

o 0 a 0

0 O 0 0
o 0 0 0

Rau Ur

0 0

3 6

0 0

Rats lI

0 0

0 0

4de

5-6

Rau W

0 0

a 0

6. 7

6 0

£HI-SaURRE r-HnT
f6-7" Total FOR 2 TEST PERIODS

Rati r - Rata MIF R46. MV

0 0: 0 0 0 0

o 0 a 0 0 0 0

o o 13 19 14 19

a o 0 0 0 0
------- ------------

0 0 13 as 14 I's

#0 eIMIPTES aIFTER rESr PERIID
RANSI3 <9oot.eK-u

r r ts;0v

LS

SL.

f#C

MR.

0- 1

o o

0 0

0 0

0 0

1-2 2-3

Rau. UV Raem 181

0 0 0 0

o a 0 0

0 0 0 0

0 0 0 0

0 0 0 0

'-4

0 0

0 0

1 2

0 0

1 2

4-5

Rau* Ur
0 0

0 0

2 3

0 0

2 3

5-6

0 0

0 0

8 10

0 0

o 10

V.-T TotalL CHI-SQUARl U"LII£.l
---- FOR 2 riEs PERIODS

pro WId" P.*4" uf RAW Uft ~ $ ........M ae i ,as
------- 2----- ------------

0 0 0 0 LS .. ..

0 0 2 0 0 St_ .. ..

4 /4 i is 1 c 0.143 0.0()0

o a 0 0 Ml -- --

4 4 5 is 9i TOTAL 0.143 0.0330

C11LSAW 0-0

5L S0 a
roc 0 0
MRI 0 0
rTerm. 0 a

CHI -'SsalPmE 0- 1

iU-1E ---- --
Re UF

t-2 2-3 3-4 4-5 5-6 G-?

Rau M Rem. . R.a Ur Rau MT Rat. MV Rau MF
0 0 0 0 ti 0 0 0 0 0 0 0
0 0 a 0 0 0 0 a 0 0 0 0
0 0 0 0, 2 4 3 S 7 9 2 2
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 2 4 3 S v 2 2-

1-2 2-3 3-4 4-S 5-6 - 6-7

Rat: UF Raw lI Rau 1W Ra. w Rau Us Ra.u La

.. .. .. .. 1.000 2.000 0.o66 i.oo0o0 o.20&6 0.s29 4.000 4.000

.. .. .. . 1.000 2.000 0.4"? 1.000 0.206 0-529 -4.000 4-000

CHI-50UARE - 3.041
df.- ">

calplia - .05>



Table C24. Indian% Poinat bamwer test wnnntcorint ujsin 6 0. ree
vet-ti cal trantsducer located at unit 3. letasc* 3%.

Tidal Phaso: 4 ors before
Lou Tid.

Ouratton or Trst: 7 wIn 4'1 onlg Test Da1te: 2/26/80
Troatwlrwt rlpe: . m tin l cottinuous rest Time: 2123

7 IIINUIES IiSRIO TEST P~ERIODO• + ,

AWI < wtewr.)

0-1 1-2 2-3 3-4 4-S S-6 6-7
Trac --- ---- ---- --------- -- ------- -
r,,, Raw MV Rae. MV . Ra.u t Raw ip -Raw UF Rau 4" Raw IPF

LS 0 0 0 0 1 3 0 0 2 3. 0 0 - 0 .0:

SL 0 0 0 0 .0 0 0 0 0 a 0 0 0 .0:

t4c 0 0 a 0 0 0 0 0 3 -S 6 7' 0

iM 0 0 .0 0 0 0 ' 0 0 0 0 a 0 0 0

Vot-l 0 Q 0 0 1. 3 0 0 .5 a 6 7 0 0

VIIIMUES AFTER TEST PERIOD
RAONE (Net1er s),

0- 1-2 - 34 4-5 S-6 6-"
irebce ---- ------------.---- ------- ----------
T ,j• Raw•s M" Rau L us" M Raw" Mr Raw tW Raw MF Ratw SW

LiS a 0 C 0 a 0 4 d 0 0 -0 0 0 0:

SL. 0 5 01 0 0 ,0 0 0 0 0 0 0

IC 0 0 0 0 0 0 '1 2 3 S S 6 0 .6

MMi 0 0 0 0 0 0 0 0 0 0 1 1 0 0

Total . 0 0 0 a 0 0 s 10 3 $ 6 r . 0a:

'ZN! -SQOMwE 0-1 I-2 2-3 3-4 4-5 S-6 6-?

Raw SW Ra" lW Rau LW Raw SI Raw SW Ra. P Raw UV
LS 0 0 0 0 1 2 2 4 1 2 0 0 0 a
SL 0 0 0 0 0 0 0 0 .0 0 0 0 0 0
He 0 a 0 .0 0 1 1 3 5 6 7 4 4
UM 0 0 0 0 0 0 0 a 0 0 1 a 0' 0TerIa.L . o 0 0 0 1 2 3 5 4 7 6, 7 4 4

CI.i SQim.PE 0- 1-2 2-3 3-4 4-5 .S 6--
mfLt.8s -- - - -- -- - - -

Raw LW Raw UP Raw . MF Rae. P Raw M& Ras - M Raw Mn
LS .. . . .. 1.000 3.0001 4.000 0.000 2.000 3.000 -- . .. .. ...SL -- . .. .. .. .. ... ... .... ....

tic .. .. .. -- -- 1.000 2.000 0.000 0.000 0.091 0.0?? 0.000 0.000
LIU .. .. .. .. .. .. .. .. 1.000 1.000 -OO..
TOa t-L.000 3.00 5.000 10.0O0 O.SOO 0.692 0.000 0.000 8.000 0.000

" HIq-SQU1ARE F-Wtif+
total FOR 2 TEST PER)IODS

Pau UF Raw MF

3 6 4 7

0 0 0 0

9 12 13 IT

0 0 1 I

12 . 1O 1? 24

Total CHI -SQUARE S)ALUES
---- FOR 2 TEST PERIODS

Ram MF RIa. VF

4 6 LS 0.143 0.206

0 0 SL .. ..

17 i 21 1C 2.462 2.455

1 £ MW 1.6000 .0

22 30 TOTAL 2.94! 3.000

CHI-SQUARE - 3.042
(d.f. - 1)
Cal1pIha - .05)



Trobi. E2-;.~ i . Poin.t hammer test wof.tio,-1,. using 6 do Kee
.-. rt~cal trantsducer located at unit 3v intake S.

Tidal Phras=. 3.HS H.. bqf@.o
Lou Trde

Duration of Test: 10 min ,..r 9 only
Tr-atwnt TuIpe: 10 Min coittinuous

Twvt Dot.: 2/26/0S
Test Tinm: 21-40

. .sal .n . .O .if . . . . . . . . . .i... . . . ..n i a i. n

10 !H"IllES DRIND TEST PERIOD
RANGE <wlters)

0-1 1-2 2-3 3-4 . 4-5 5-6 r6-
- -- ------ c -------- - - - - -- - -------- -

9`-p Rau M Roes M" Ra. MV Rau U" Rau WP Rau UF Rau UF

LS 0 0 1 S 0 a 2 4 2 3 1 L 0 0D

SL 0 0 0 0 0 0 a 0 0 0 0 0 0 0!

"C 0 0 0 0 a a 3 & 14 21 is is 4 4:

m" 0 0 0 0 0 0 a 0 0 0 0 0 0 0

T4tIal 0 0 1 5 0 0 5 10 is 24 1i 20 4 4 :

10 "|!NTES AFTER TEST PERI0D
RANGE <Metq-z)

0-1 1-2 2-3 3-4 4-S 5-6 6-r

It ow. Raw W Re" UF •Rae Mr Rau 1W Raw N Rob UP Rae U -
-- ---- -- - - - -- --- -------------------- ------------

LS 0 0 a 0 0 0 0 a a 0 1 0 0:

Sl. 0 0 0 0 0 0 0 0 0 0 0 0 0 0:

Ntc 0 0 0 a a 0 0 0 4 6 r 9 4 4:

"m 0 0 0 0 0 0 0 0 0 0 0 0 0 01

Total 0 0 0 a o 0 0 0 4 6 6 t0 4 4:

CHI-SQUARE P-HAT
Total FOP 2 TEST PE310OS

Rau UF Rae &

6 13 4 7

0 0 0 a

36 so 26 3S

0 0 0 0

42 63 29 42

aotal C14 -SQUARC UMLUE.
-- - O 2 VEST PERIODS

Rau MF Rom uF

I I LS 3.571 10.206

0 0 SL -- --

is 1i "C ..647 13.$28

0 a Um -- --

1i 20 TOTAL 11.65S 22..27

l-No -SQUA5 S 0-1 1-2
F-HA-

Raw UP Rau UP1I 10 0 1
w. i 0 0 0N,•: nI o 0
U" n o 0 0
rtnL 0 1 3

IfNl -SqUARE 0-t 1-2

S-- .000 5.000

1STVIL - -- 1.000 3.000O

2-3 3-4 4-S 5-6

Rau MVr Rau. UP Raw Rau 1w
0 0 I 2 1 2 1 1

0 0 0 0 0 0 0 a
0 0 2 3 9 14 i1 14
o 0 a 0 0 0 0 0
0 0 3 S 10 15 12 " 15

2-3 3-4 4-5 S-6

Rae" .U Ra . hF R2w UF Rau UF
.. .. 2.000 4.000 2.000 3.000 0.000 0.000

- -- 3.000 6.000 5.556 0-333 2.909 3.571

-- -- -000 10.000 7.200 10.600 '2.66r 3-333

Rau UP
0 0

0 o

6-7

Raw Ur

0.000 0. 001)

0.000 0. am

CIII-SOUARE - 3.641
<d.f. - I>
-(alpha - .05),



Table C26- Indio.a Poirot hae~eeee test eowonltori no usling 6 dJ
vooeticaj. t,-anosducqpr located at unit. 3, intake35

Tidal, Phase. 3 W1-m befeo,-
Lee. rid&

ourtjia4 of rest: 0 i 1.11: ona Test Date: 2.'26/0*8trratt.*nt Tyape.S 0wr coetnuous root rine. 2200
ee ANOlINf IIf S 5 N~ll n S S SID QI anI n nfill IID • lflSli

10 naeIJIIS PU4No TEST PER][O RAIOE Cw•4Ltws-s
Cll -SOUnRE F-HAr0-1 1-2 2-3 3-4 4-5 5-- 6--? Tota FOR TEST PERI 5)5.

Ye'a-ce --------- ------- ------ --- -----

ry, Rae Rau. M" Raem MV Ram Rae. ii Raw. MV Ra R Ur Rae U I RP. UF Rae. t

L.S 0 0 1 S 1 3 1 2 0 0 0 0 0 0: 3 1* * 6
ISt. (0 0 0 0 0 0 S 0 0 0 0 0 0 0 2: 0 0 0 0

Hc 0 0 a a 0 0 0 2 3 1 a 0 0: 3 4 S 4

Usa 0 a a 0 0 0 a 0 0 0 0 0 0 0: 0 0 0 0

Total 0 0 1 5 £ 3 1 2 2 3 a 0 0: 6 14 . 10

to IJKLIfES AFTER TEST PERIOD
RFAGE (meters>

0-1 1-2 2-3 3-4 4-s s-6 6-7 Total CHI-S-UAREr VA4-E-
rr-c- ----- -....... ------------- FR 2 TEST PERIU;.
type Rau iF Rae UV Raue Wt Ra.u ,i Itae, U Ram S, Rau UV Rae. MV Rasa UF'

LS 0 0 0 0 0 0 1 2 0 0 0 0 0 a 9 1 2 LS 1.000 S. 33:5

SL 0 0 0 a 0 0 0 0 0 0 0 0 0 0: 0 0 SL -..

Hc 0 0 0 o 0 0 0 0 1 2 0 0 I 1 i 2 3 W. 0.200 0. 14!1

UU 0 0 0 a 0 0 0 0 0 0 0 0 0 a: 0 0 AWI --

Total 0 0 0 0 0 0 1 2 1 2 0 0 1 12 3 S T LT I.t 1-00 4.2r.21

CI1--SQUARE 0-1 1-2 2-3 3-4 4-S ;-6 6-"
F-A ----------

Ra. MV Rae. M Rau. UT Raod UV Rae. M Rie. sV Rae. sT
LS 0 0 1 2 1 2 1 2 0 0 0 0 0 0
;0 0 0 0 0 0 0 0 0 0 0 0 0

HC 0 0 0 0 0 0 0 0 2 3 1 1 1 1
tW 0 0 0 0 0 0 0 0 0 0 0 0 0 0
rolaL 0 0 1 3 2 2 1 2 2 3 £ 1 1 1

emI .-SeauWpE 0-- 1-2 2-3 3-4 4-5 5-6 6-7
*FLUES --- -----

Rae MU Rau . U Ram M Pae LW Raeu M Rau MV Rae UP
L• -- .-- 1.000 5.000 1.000 3.000 0-000 0.000 .. . .. .. .. ..

"C - --.. - .. .. 0.333 0.200 1.000 1.000 1.000 1.000
TortL .. .. 1.000 5.000 1.000 3.000 0.000 0.000 0.333 0.200 1.000 1.000 1.000 1.000

CHI-SaOIJRR - 3.011.
(4.f. - 0)
Cal PI.a - .05>



Table E2-. In~dia" Pot,.t hamqwe. toot monitert" %pinq 6 S 0
-toltcal transducer located at .init * intake K.

Tidal Phse-: 3 Hlt' bef.oe
Lou I's d

Duration. of Toot: 10 "in 1&3 on~ly rest oat#: 2.,r6se
Tvoatmene ry"e: to ni*. conlinuoqj Test Tinae: 2220

- - .. . . . . . .. . .. . . . ..-- -... . . . . ... ~a s e .. .. .. ... .. . . .. . .. . . ..... . . .. . .

r

r

me "imiT:s ouRiNo rEsr PERioD

0-1 1-2

RaU HF Rau UI

5 0. 0 0 0

0 0 0 0

I~ 0 0 0 o

Ii 0 a 0 0

ot-• 0 0 0 0

2--3 -* -4 4-5

Rom 6r Ra" IV iate Mr

0 0 1 a 1 2

a 0 0 0 0 0

a 0 0 0 0 0

o 0 0 0 0 0
1 o 2 1 a

RfUMOE <moters)

Re.. MV

0 o

0 0

o 0

CHNI-SQJUARE F-HRT
6-" TOtal FOR z TEST PERjODS

R*k H," : Raw ,IF Ra..u u

0 O : 2 4 2 S

o 0: 0 0 0 0

o o 0 0 5 6

o o) : 0 o 1
SI

0 a I 2 4 r is

me NmtiToEs RFmTR rlEsT PErIzoo
ItRAE w<otoe-as

Tqp.-

I-S

StL

N4C

upM

Ta.&ta

0-i

Rail MV

0

0

0

0

0

0

0

0

0

0

1-2

a S

0 a

0 0

I 0

I S

2-3 3-4 4-5

Roi M" Rau MF Raw MF
o 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0- 1 2

o 0 0 0 0 0

o 0 0 0 1 2

6 7

r-r TotaL CHI-SOIJARE ItIMLUE3
-FOR 2 r[sr PERIOOS

Re.. UF X RauU M Raw MF
------- ----------

1 0 2 1 -5 LS 0.333 0.111

0 0 0 0 St. .. .

3 3 10 12 "C 10.000 12.000

t : 1 1 UM 1.O100 1.0o0

4 4 12 is TOTAL 7.143 8.909

C'HI -SQWIAPE 0-1 1-2
F-01wrF

Rau IF" Rau LF
II. 0 0 1 3
St. 0 0 0 0
F0, 0- 0 0 0
MW 0 0 0 0
TorpiL a - 0 1 3

C KI -- S I.IAPE 0-1 1-2
UL1ES -----

Raw HF Ra MF
L5 .. .. 1.000 5.000

nL .-- 1.00 ..0rorr. .. ..- . .0 . .0

2-3 3-4 4-S 5-6

Rau MV Rau w Re,. MF Rao MT
0 0 1 1 1 1 0 0
0 1) 0 0 0 0 0 0
0 0 0 0 1 1 3 4
0 0 0 0 0 0 0 0
0 0 t i 1 2- 3 4

2-3 3-4 4-5 S-6

Raw HF Raw IS6 Raw MF Raw I
--- --- 1.000 2.000 1.000 2.00. .. ..

.. .. .. .. 1.000 2.000 6.000 '.000

.. . 1.00 2.000 0.000 0.000) 6.000 7.000

G*-7

Raw HIF
a a
o 0
2 2
1 1
2 2

6-7

Raw LIF

3.000 3.000
1.000 1.000
4.000 4.000

tI41-SOIJARE - 3.841
td.f. -,I>)
C*lpha - .05>



Table Eo t. Indiav. Poit.t hap, test 73ontorinq using . degree
uo-tical trtanducor laocted at u-it 3. ip.tak

Tidal Pftaswl 2.S Wls before
Lou Tide

Duratiýo of Test: 10 "in Hqr 5 o.,.j
Treoateown T~jpe: 10 "in contiwiojs

T-st •0qte: 2/26ZO8
Test fine: 2240

to mweTES mmrEi rEsr PERxoo
RFNOe (<eteor->

0-1 1-2 2-3 3-4 4- S-6- 6-7
--ac - - -- - - -- ---- ---
Ra4 Ur Item tr Rau Sir Raw Ur aRO MF Raw r Ro M W

LS 0 0 0 0 0 0 0 0 0 0 1 1 0 0
SL a 0 0 0 a 0 a 0 0 0 -0 0 0

i4C 0 0 0 0 0 0 0 0 3 S r .9 2 25

m0 a 0 a a o 0 0 0 0 0 0 0 0:

Total 0 0 0 0 0 0 0 0 3 9 a to 2 2

10 Int#'TES ARTER TrSr PFArOC

0-2 1-2 2-3 3-4 4-S S-6 6-7

Tkjpe Ram UP 1tRa U Nas"I Ra, Ur Rau, Sr Rama UP Rap, SF"

Ls 0 0 0 0 0 a 0 0 0 0 3 4 1 1:

SL 0 0 0 0 0 0 0 0 0 0 0 0 1 1

11C 0 0 0 0 0 a 0 0 to is it 14 9 5:

us 0 0 0 0 0 0 0 0 0 0 0 2 2 1

Total 0 0 0 0 a 0 0 0 10 Is 14 1i 9 9 3

CHI -SWUARE F-HOT
Total FOR 2 TEST Picam)s;:

Ras UiF Ram Ur

1 1 3 3

0 0 1 1

12 16 1 25

0 0 I I

13 IT 23 30

Total CHI-SQUARE UALUES
- ------------ FOR 2 TEST PERIcu_-.

Raom UP ItURa U

4 5 LS 1.000 2.%6T

1 SL 1.000 1.00]1

24 34 mC 5.150 G.41*(1

2 2 Ma 2.000 2.1(1i

33 42 TOTAL. *.ss 10. M!

C:HI-SQUCA.E 0-1 1-2 2-3 3-4 4--S 5-6 ks-7 CHI-SOURE - 3.011.r-14,Ft .... - - -- - - - --- - - - -d. f. - 11),
Rau Ml RIet UF Rau UMF 'Ram up RaW UP Ram UP Ram, U (Calph& .as)

LS 0 0 0 0 0 0 0 a 0 0 2 3 1 1
S. 0 0 0 0 0 0 0 0 0 0 0 0 1 1
HsC 0 a 0 0 0 0 0 0 0 9 12 4 4
iii 0 0 0 0 0 0 0 0 0 0 0 0 I 1
TOM, 0 0 0 0 a 0 0 a 0 r 10 1 14 6 £

C4HI -S•A•IE @-1- 1-2 2-3 3-4 4-5 5-6 6-7
O"ALIAS -- - - - ---- ---------- --------

Raua MF Rae up Ram MU Rae UF Rags UF Rau UPF Rau UF
i.- .. .. .. .. .. . .. -" . .. .. 1.000 1.000 1.000 1.000
SL ... .. .. .. .. . .. . ..- -- 1.000 1.000
Itc .. .. .. .. .. . .. .. 3.769 5.000 0.609 1.00? 1.206 1.206
"is .. .. .. .. .. ... .. .. .. .. .. 2.000 2.000
TOTAL .. .. . .. .. . .. . .. 3.76-9 S.Oa 1+.6 2.266; 4..qss 4.45S



Table ZI'. Indta.. Peittt hammer test nonitoring using 6 deqree
vertical transducer located at unit3. in~take 3S.

Tidal Phase- 2-. Mrs before
.Low ride

Dureatio of rest: ic min 11.3 65 on lest Date: z/26•S6
• roatnent Type- to ni1. conGlnJous Test Tine: 23(v)

-u-n~ ,-| - -m~~ -sm - - u - -t -| - - | - -m - - - - -| -u - -s| |

iO MnIRNUIS CURINM TEST PERIOD
RANGrE (m•evts)

0-1 A-2 2-3 3-4 .4-S 5-6 6-7
- --r - -e - -- -

fp - RPaaw NS Rat M Ria Sir Ram Ml RaO MV Rawu W Raw W-

LS 0 .0 0 0 0 0 1 2 1 2 2 2 0 0:

a 0 0 0 0 0 a- 0 0 D O 0 0 0 :

NC a 0 0 0 0 0 1 2 is 23 12 IS a -

iM o 0 0 0 0 0 0 0 0 0 2 2 1 1

eot al 0 0 0 0 0 0 2 4 is 25 1i 119 9 9 a

o0 91MIrES AFTER TEST PERIODmie (waters)

0-1 1-2 2-3 -4 4-5 S-6 6-7
Tr7 -- - -
Trq. RaI MV Raw Mr Rau U Ram Ui Rau er R*am MF Raw UF

CIff -SOURZE r-Hf4T
Total FOt 2 TEST rstioos

PRaw SF Rau MF

4 6 2. 3

O 0 0 0

36 48 2a 34

3 3 5 S

* 43 sr 32 .4)

Tota) CHI--SQUARE URLLES
------- FOR 2 TEsr PERIOnS
Ram MF Ram MF

0 0 LS 4.000 6.01)0

O 0 St - --

s 19i NC 6.64 x12.ss2

* 6 "M 1.000 1.000

21 25 TOTfAL 7.S3 12.4908

LS

Total

o 0

o 0

O 0
0 + 0

o 0o o
aD 0

o a

o 00 -0

o a

0 0

0 a

0 0
* 0

O 0 0 0 0 0

0 0 0 0 0 0

O 0 4 6 9 is
O 0 0 .0 2 2

0 a 4 a is1 13

o 0:

0 0 2

2 2:

4 4:
-- -- - - - *

S.0 .- StJWRRE 0-2 . 1-2
F -14lr

- Ram V Ra"w i•
L. 0 0 0 0

!70 0 0 .0
"tC 0 0 0 0
a0 0 0 a0

TOT#IrL 0 0 0. 0

cnl -SqliE 0-i 8 -2

#PLIIs ------- --- ---*A U• MF Ram, UF
SL ... .. ..

tic -- -. -- --

IBM - -- - -

2-3 -4 4-55-6 - 6-7

R4w MV Raw W. Rno MV Raw Mr Raw IPF
0 0 1 .1 1 1 1 1 0 0
0 0 0 0- 0 0 0 0 0 0
0 a a 1 10 15 11 13 5 5
o 0 0 0 a 0 2 2 3 3
0 0 1 2 10 is 14 16 S a

S2-3 3-4 4-5 56 6-S

Raw il1 Raw liF Raw Mr Raw MV Raw MV
-- -- 1.000 2.000 1.000 2.000 2.000 2.000 .. .-

-- -- 1.000 2.000 -6.3GB 9.966 0.429 0.615 3.600 -3.600
..-- -- -- -- 0.000 0.000 1.600 1."03

-- 2.000 4.000 7.200 11.545 0. 92'. 1.12S 0.600 O.6o0

*i--PS;I4JAR .-. 3.41(d.C. a 1)
Calpia - .O0)



Tabl* E30. 1..di.. Poivvt haw"qOr test "0011tor1.g USA"g 6 doere.
ueatlcal transducor located at umait 3, tihtakP .

Tidal .Phae: 2 Hr's bIoT
Lo,. Tide

Duration of Tst•: to "tn 1,3 4, on
Troatj4at tup.* 10 son conhnuoeJs

Tret oate: 2/::G/e8
Test Tit: 2320

--- 7=m. .... ... ---- -m -- -- - --i I ... . .............i..

10 fl1HUfE~ 0UR1I~ rzsr PERIOD
RAME <qwter-I>

0-1 1-2 2-3 3-4 t4- 5-$ 6-?
Trac - - - ---- ---- - ----
rlpR, IH" Raw mr Raom Mi Rau . F Resa UF RauI 6F Rau lr

l. 0 0 0 a 0 0 2 4 a 4 5 0 0

SL 0 0 0 0 0 a 0 .0 0 0 0 0 0

NC a 0 0 0 0 0 1 2 12 16 11 14 S ?

U 0 0 0 0 0 0 0 0 2 3 3 4 3 3

rotal 0 a 0. 0 0 0 3 6 i1 2 ,o 23 S a

10 MlIIYEs wrFER TEST l PRIOD RANlOE (wet..-,)

0-1 1-2 2-3 3-4 4-5 5-6 s-?
rrarp o -a - - - -R-- - ---- - - ----Ra HR-
Typý RaM ýU Re"• wr Ram• W4F $a Ulr RIom wr Mato W Rau* wr"

CHI-SQUARE F-HadT
Total FOR 2 TEsr PERIOII:

Rau HF Raiu 16

11 17 6 12

0 0 0 0

29 39 24 32

48 66 36 St

rotai CHI -SQURRE WRLU -
--- - - - - - - - - - -- FOR 2 TEST PIERIUIS;

Powa MF Raw gm-

LS

SL

ToC:

Total

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0
0 0

0 0

0 0

0 - 0

0 0

0 0

a 0 3 S 1 A 0 0 1 4 6 . LS 3.26? S. 2& .

0 0 0 0 0 0 0 0a 0 0 St . .

1 2 4 6 12 is 1 A : to 24 Nc 2.574 3.571'.

0 0 0 0 0 0 5 5: 5 I U 0.692 1.661

A 2 7 11 13 is 6 6 22 3s TOTRL S.490 9.51s:

'"Hl -SQUAPE 0-1 1-2 2-3 3-4 -4-5 5-6 6-?
F-HIAT

Rau H Ram. bi RAM. MT Raw. Ur - Ram . M Rau. IN Raom M
S "0 0 0 0 0 0 1 2 4 1 3 3 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0
mC 0 0 0 0 0 0 e 2 S 12 12 15 3 3
Liu a 0 0 0 0" 0 0 0 " 2 2 2 4 4
rorTAL 0 0 0 0 0 2 4 13 20 is .20 7

CHI --S4QhAE 0-1 1-2 2-3 3-4 4-S 5-6 6-?

Rau hF Ra". Mn Rau HF Ra. MF RHem M Rau HF Rau. HF
IS_ .. . .. .. .. .. 2.000 4.000 0.500 O 0.2 1.800 2.66?

ii,: .. . .. .. .. .. 0.000 0.000 4.000 6.000 0.043 0.034 2.66' 2.-667
.. .. .. .. .. . --- - 2.000 3.000 3.000 -4.00 O.s00 0.500

TOTOL -- . .. .. .. .. . 1.000 2.000 S.538 6.100 O.06 1_.2S6 0.281, 0.286

CHI-SGIURE - 3.941.
cd-f. 1)
(alpha * .05)



rabl. E31. Indian. Point haiuuv t*St ,,o,.Ito.i uIng 6d
%-e~* t,-anaducor locatod at UNi 3, 1,.*eke 5.

Trdal Phase: t.•. *&s b.0fo.e
Lou rid.

Duration of Test: SO :i" 1 3 6s on
Trwatsqnt rT*jp: 10 iutn co;ninujous

Test 0o;.: 2fZ6/S8
Trst T ..: 2342

-_.- ................................. - ----- ....

10 mnuurcs DtdI. o TEST PERIOD
RAKOE wt.ers)

0-1 1-2 2-3 3-4 4-S 5-6 6-?
T ra: ----- ----- ----- ----- ------
tp Rau UT Rapm U- Rau Ur Ram UF Raul UF Rau UF Ram UF

LS 0 0 0 0 0 0 0 0 0 0 2 2 0 0:

St. 0 0 0 0 0 0 0 0 0 0 0 0 0 0:

"C 0 0 0 0 0 0 4 8 19 29 1i 22 4 4

UN 0 0 0 0 0 0 0 a 0 0 0 a 2 2

Tot~al 0 a 0 0 0 0 4 a jig 29 20 24 6 6

1o NMItMIES lAFTER TEST PERIOD

0- 1--2 2- 3-4 4-5 5-6 G-?
1------ -- - ------• - - - - ------

T~. Re. WT Ra. UT Ras" Ur Rau. UT Robe M Raw. UT Ru. Ur

C14 -SOIIAR[ f'-Mr
rotal FOR 2 tESr PERJODS

Rau UF Rau UT

2 2 4 -5

0 0 1 1

45 &3 33 45

2 2 3 3

49 6? 41 54

Total CI14 --SQIMRI VAULMES
-FOR 2 iEST PERIOUS

Pau TF Ram MF

LS

SL

Mc

Tot .1

* a

0 0

0 0

0 0

0 0

0 a

a 0

0 0

0 0

'."I -S.I-APE 0-
Fr-Ifir- Rap. SI
LS 0 0
_L 1 0 0

W. 0UC 0 0
mU 0 0

PSr -- QU PE O--

TOtaL -- --

1-2

0 a
0 0
0 a
0 0

1-2

Raw. UT

0 0

a 0

0 a

0 a

2-3

Rau UT
a 0

0 a
0 0
0 0
0 0

2-3

Rau, UT

0 0 I 2

0 0 0 0

a 2 0 8

O 0 0 0

1 2 6 10

S a 0 0 a 6 LS 2.000 3.600

1 1 . 0 0 :1 SL 1.000 1.000

v to 7 r 21 2? "C 8.72? t4.4o0

2 2 2 2 : 4 4 Uml 0.147 0.667

is 1i % 9 32 40 TOTAL 3.SG6 6.813

3-4 ,4-5 .5-6 6 -T

Ram UF Rau UT Ra UT Ram. UF
0 0 1 1 4 4 0 0
0 0 0 0 1 1 0 0
3 5 12 19 :13 16 2
0 0 a 0 1 1 2 a
3 5 13 . 0 is 22 S a

3-4 4-5 S-6- S-7

Ram UT Rau UF R.a. UF Rau UT
.. . •1.000 2.000 1.206 2.000 .. ..

.. . .. .-. 1.000 1.000 .. ..
10800 3.60 9.167 IJ.919 3.046 4.500 o.oi8 0.018

.. . .. .. 2.000 2.000 0.009( 0.000
1.0-a 3.600 6.760 9.25s 0.444 O..0e 0.600 0.600

Clit-S'JARE - 3.841
Cd.f. - 1)
calpfa - .as)



tabie IE.VZ. lrdiatw Pol-t ha"oer test< oni toring uiinq 0
foortical tt nsducor la.ceted at unit 3. t...tk. S

ridal Phase: 1.S Hr before
Los Ttde

Dration or TesIti 1* .4" 1,3 1 .Y oil
Treatowet lrype: 10 zin contfhnuous

Test 0.te: 2fT/8e
Test Tlrve: O(t2

10 ONUTES WR|IN !"1[" PERIO0

1 €CIT-SOUfiRE F-HAN
0--1. 1--2 2Z--3 3-4 4-S 9-- 6-7 "totl F1. - lIST PERIOUS

Rype UP0 Ra FM RAN& OF Raw OF OaW MV Raw Or Rom Or P ass lP RAe. Ur
S-----

LS 4 2 0 0 a 0 . 12 2 2 1 1 1 5 42 9 z3

S.- 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

sI 0 0 0 0 a 3 t 2 Iai 1t 12 . 3 2 2 30Z
oU 0 0 0 0 0 o 0 1 2 0 a o 4 i4 ,4

rotsl 4 2r 0 0 1 3 1 2 16 25 L2 14 - 7 41 76 34 ICe

10 MIINUTES FArItR TEST PERIOD
RANSGE cq~t**S:.

0--1 1-22-3 3-4 4--S S-6 4- Total CHI-S-URIR IMRLI.IES
Tr ------ - ------ ---------------- FORZT2 rtsr aoIIs
T pw Raw MOF Raw OF Ra- F Raw MOF Ram MF R-a MF" Ram V. I Pau UF Rama MP
------------------------------- -- ------------------- - -------- ----- ~ - -------

LS 0 0 0 0 1 3 1 2 1 2 0 0 0 0 3 7 LS 8.000 2S.000

S1L 0 0 0 0 0 0 0 0 0 0 0 0 0 0: 0 0 SL --..

0 0 0 0 0 0 1 2 5 8 13 to 2 2 f 21 26 Mr. 0.023 0.153p

li 0 0 0 0 0 0 0 0 0 0 0 0 5 3 1 3 3 mM 03.149 0.500
-------------------------------------.----- ---- ------------- I----- t------------

rotal a 0 0 0 1 3 2 4 6 10 13 16 5 s : z2 380 Tm. 2.0821 3.7130

|-S IE 0--1 JL-2 2-3 5--4 4-- 5-6 6-? CHI---•-SOUiJRE - 3.1041,
F-.. .. ----. c,.! . 1-,1

Raw U R4w MOF *aw F Ra HF Rr Mn O Ra m OF RaMw M< -alpha - .s)
LS 2 14 0 0 1 2 1 11 1 1 1
;0 0 0 0 0 0 0 0 0 0 0 0 0 0

14ic 0 0 0 0 1 2 1 2 6 2I 12 14 -% 3
MU 0 0 0 0 0 0 0 0 1 1 0 0 3 3
TOThL 2 14 a 0 1 3 2 3 91 1is 1 IS 6 6

ZH! -$oUtPM 0-1 ,-0 2-3 3-4 4-5 5-& 6-r
M'ALES------------------ ------------------- -----------

Raw OF Raw MF Ram IF Raw. MV Rau. OF W.•48 F R,. UF
LT- 4.0tn 21.000 oO .. . 1.000 3.0011 1.0OO Z.000 S.444 r.143 2.0Loi 2.000 1.000 1.000

f4C 1.000 3.000 0.000 0.000 0.333 0..44 0.391 0.571 0.200 0. Z0,3
l 0 0- -- 0... . 0.. .3 . 1.000 2.00 0.0 . 0.000 0.500ýDTMl 4.o 000 po 0•.000 C.- .O OO.QO 0.•333 0.6•6r 4.545 6.41-3 0.040 0.133 0.333 0-1333



Table E3I. Indiat, Point haewer test Monitoring 5*J"in- 6 degree
vertical transdu.cer located at unit 3. ih.take 35.

rtidwtl Phase: I.. Hr beforeHdi t. Ti de
Duration of Test.: 10 in 1,3 *2 5 on

Treatment Tupe: 10 min con"lnuous
Tost Date: 2f2T/bO
Ts•t Time: ? IfO

S trfl.UlPflbf SS5S f flflf SS - - - - sfl nC eS USSni nSSSI flflH - sfs•fldlsH lM.1,flflSS
10 NINUJTES BEFORE TEST PERIOD

RAAWE <nqeters>

Trace=

LS

SL

wu

0-1 1-2 2-3

---. . .-----o --o--° -'-- o "---------•'Rap UP RN" M,1 Rau UP

o ' 0 0 0 1)

o 0 0 0 0 13

0 0 0 a 0 3

o 0 0 0 0

'-.4

Pau WV

0 0

2 4

O 0

4-5

0, m

1 2

o 0

0 0

Rau, MV

o 10

o a :--- --- - :

2 2:

rot Aa 0 0 0 0 0 . ) 2- 4 1 2 113 24 9 1:

10 MINUJTES DURzING TEST PRERI"OD
RAN8E <seters.>

-a1 - 1-2 2-. 3- 3-4 4-5 5-6 --7

TIpq- Ra M • Rai WV P.. ,F Rn. WVF" Ra MV loas M Raw MV
--------- -------------------- ---- ----------------- -- ------------- -
LS 0 0 0 0 0 0 0 0 0 0 1 1 1 A

St. '0 0 0 0 1 0 0 0 1 2 0 a 0 0

Nc 0 0 0 0 1 3 9 17 8 12 1O 1* 9 9 .

MW 0 a 0 0 0 a 0 0 3 5 2 2 1 1I
------ ---- ---------------------------------------------------------------------------

Tot atl 0 0 0 a 1. 3 S 17 1 1i 11 1s I 1 11

to ]NIN.ITES AFTER TEST PERIOD
RANGE ,--ters->

-11-2 2-3 - 3-4 4-5 5-6 6-?

r Upe Raw HF Rae. Mr ROSA r Rn. WV Ita" UP Raw MV Rn. HF

CHI-S-,IJARE F-HAT
Total FOR 3 TEST PERIOoS

Raw UF Rau MF.------- - - - --- --- ---
0 0 1 1

1 2 1 2

iS 20 22 32

15 T? 9 11

31 39 33 .45

Total CHI -SQUARE VALUES
----------------------------------------------------------------------------------------ot3TETPEID

Raw•U R. MUt

2 2 LS 2.000 2.000

1 2 SL 0.000 -0.900

37 S3 NC - 16.091 21.281

6 a MM 6.444 4.909

46 65 TorTAL 9.697 14-9en

CHI-SQUARE - S.99
Total Cd.f. a Z

Raw MF

0 a

I I

1.6 24

.7 S

2.4 33

LS 0 0 0 I) 0 0 0 0 0 0 0 0

St. 0 0 0 0 0 0 0 0 0 0 1 1

NC 0 a 0 0 2 5 2 4 4 6 4 S

M0 0 a 0 0 0) 0 0 0 0 3 4

Total 3 0 0 0 2 9 2 4 4 6 a so

CHIx -SQUEARE 0-1 1-2 2-3 3-4 4-5 5-6
r-t.I-T -- -- ---- - -

R.a UP R4aw uF Rn. MF Rau WV Rau "V Rn. WF
LS 0 1 0 0 0 0 0 0 a 0 0 0 a
5L. 0 0 0 0 0 ') <0 0 1 1 0 0

*.0 0 0 0 1 3 4 8 -4 6 0 10
nM 0 0 0 0 0 0 0 0 1 2 4 5

TOTAL 0 0 0 0 I 3 4 8 6 9 13 16

CHI -SOUNIIE 0-1 1-2 2-3 3-4 4-S 5-6
-------- ---- -- -- - - - --- ---- --- ---- -- -- -

tfL. Roo• MF R44 blF Rau UF Raw UF Ras UF Rau UF

,;L. - . .. .. .. .. .. ... .. 0.000 4.o00 -- --
Nc .. .. .. .. 2.000 5:UJ33 9.2:50 15. 125 8.000 12.000 4.62S S.500
w.. .. .. .. .. .. .. . 6.000 7.500 6.250 8.000
TIoTFIL .. .. .. .. 2.000 3.333 9.250 1S.125 9.633 17.556 5.692 7.313

O 4
0 0:
4 4 1

4 .41I

* 6:

0 0o 0
5
4 4

Rn. MV

5.200 S.Z-'P
4.500 4.S0')
1.556 1.556



Table E34. Indiant Point hbanner test monitoring using 4 degi-ee
t.rtic-at transducer located at unit 3. 3nt,•ke3.

Tidal Ph-ase? 1.5 Hr b•fore
4tL h rLde

Duratton ofr rest: to win 1p5,*.r. on Tst DuAte: 2,rfT/.8R
Tr'e*athet Trype. I 10 "in continuo-Js Tn Ftt T Ine: 1810

10 MIIJTES bUIRAno TEST PERIOD
RANGE l.eters) C141 -SQUARiE r-HRT

Te-1 1-2 3 1 2-3 3-4 4-S s-6 6-r Total FIOR T-SAR IEF-IOH S

1- Wft-Nu " Rae MF Rau WM R*" MF Rau hI Rau UV Rau MUr IPtAW lF a.. MV
LS 0 0 1 5 0 0 0 a 0 0 0 0 0: 1 5 2 4

SI. 0 0 a a 0 a 0 a 0 a a 0 0 0* 0 0 0 0

0 0 0 0 0 1 2 0 0 9 10 9 :9 - 1 21 1s 24

MM 0 o) 0 1 0 ' o 0 1 2 0 0 0 0: 1 2 3 4

rotal 0 0 1 5 0 0 '-1 2 1 a a 10 9 11 9 0 20 24 31

10 I11#4JTE.s AFTER TEST ratiop
RANGE (inter.>

0-1 t 1-2 3-4 4-5 5-6 G-r total C141-SOI•IJl 'flILUEStp ace - - ' FOR. 2 TL[r PERIODSType 1•4 .?" R~ian M Ran U RaeM" Rau UP tan MV tan MV I U an MY Ra 1s?

-LS 0 0 0 0 0 a 0 0 0 2 2 0 I 2 2 L. 0.333 1.206
SL 0 0 0 0 0 0 0 0 0 0 0 0 00 -.- --

0 a a 0 3 0 0 7 itS1 3 4 - 9 : 27 MC 0.15 0.7SO
UMI 0 dl 0 0 0, 0 0 0 0 1 I 4 4 5 S MMU -.Str 1.206
Total 0 *0 0 0 1 3 0 3 7 it S 6 "7 &3 13 1 2T 34 TOTAL, t.0643 O.s

4CHI --steltAE 0- 1 1-2 2-3 3-4 4-5 .- 6 -CIOI -SOIJAR - 3.8401F:-HATI ......... - -- - - - -" - - - - - ! r - <., f. . 1>•
Re" UF Re" MF Rae MF Ran MF RAW MV Rau :UMF Rae F (alpha - .OS)

LS 0 a 1 3 0 a 0 0 0 0 1 8 0 0
*L 0 . 0 a 0 0 0 a 0 0 0 . 0 0 0 0

NC 0 0 0 0 1 2 1 1 .4 6 6 7 S -
U14 0 ) 0 0 0 0 0 0 1 1 1 1 2 2
TOT9L 0 0 1 3 1 2 1 8 4 f r 9 11 11

-A:1I -']URP!! O_- I t-2 2-3 3-4 4-5 5-6 6-7
IWALIES-- ------------------------ -..

RIa MV Rto RF RA MF RM "I RF a- MV . Ra. MF Rae MI'
LS . 1.000 5.000 -- .... 2.000 2.00", --. . .

icc .. .. .-: --- 1.000 3.0043 1.000 .2.001 7.004) it.000 2.273 2.V171 0.000 0.00 1
IJU-.. .. .. - . .. .. .. .. 1.000 2.000: 1.000 1.000 4.000 4.003
rafl• - -- 1.000 S.000 1.000 3.000 1.000 2.000 4.500 6.231 0.26• 0.5219 o.r2r o.727T



rTble F.35. |mdia.. Point hanner test Nonitoring usina 6 d yee
uvrtical tr'ansaducer located .t %m.1 3. int••e S.

rid.!. Phase! 1 He' b.•or. Duration ofr Test: o "in lWnW- 1,3,1%S ots T-rt Date: 2/fl/'86
. High Tide .reatoent Type: 10 "itl continuous Tst Tin*. 10630

a=- - - - - -- - - - - - -at --- -- -- .• .. . . - -- . . ..................lUni H i lII l ~ l U • m i l q m i mliH d ReIl i l l l ~ lI ilf l llB l i

1o iINUiTES LtJRINmI TEST PERIOD
RPE (teeters>

0-1 1-2 - 2-3 3-4 4-5 5-6 6-?
rr-tce - - .....- ----- --------- - - -
Type Rams Mr Ratm HF RAU, HF Ram lF Raus 1F Rams 11 tanu MV

LS A 7 0 0 ,O 0 0 a0 2 0 .0 1 I ±

--L a 0 0 0 0 0 0 0 0 0 1 1 '0 0:

Me, -0 0 0 0 1 3 12 23 is 23 t0 12 4 4:

.um 0 0 o " a 0 0 1 2 3 S 2 2 2 2 ±

Total I r 0 0 A 3 13 25 is 30 13 IS r 7

to m msrcS AFTER TEST PERIOD
RAInE <(teters)

0-2 1-2 2-3 3-4 4-5 S-6 6-?
rrace -- - - --- - - - - - --- ---- --------- - - -- -

"lpe Ram 1r Ram. SF Rae. 1 R&ts WIS Rat. F Ram WF Rame IF

LS 0 0 0 0 0 0 0 0 1 2 0 0 0 0:

St_ 0 0 0 0 0 0 0 a 0 0 0 0 0 0!

ISV- 0 0 -0 0 1 3 1 2 5 6 11 14 3 3:

HuI 0 0- 0 - 0 0 0 0 a 0 0 0 0 1 1 1

Total 0 0 0 0 1 3 1 2 6 10 11. 14 4 4

CHI -_9AE - 0-1 1-2 2-3 3-- 4-S S-6 6-7
F-WIT --- - - - - - - - - --- -- - -- -- -- - -

-RA UF" RAte F Rat 27 RaI uI RaM Mw RAM• MF Rau , HF
LS 1. 4 0 0 0 0 0 0 1 a 0 0 1 1
:;L 0 0 0 0 0 0 0 0 0 0 2 1 0 0
HiC 0 0 0 0 1, 3 7 13 10 Is- 1i 13 4 4
um 0 0 0 0 0 0 1 1 2 3 1 1 2 2
TOTOL 1 4 0 0 1 3 7 14 13 20 12 1s 6 a

rýHI--SNImpE - 0- 1-2 - 2-3 3-4 4-S --S 6-?

Paut UF Rats &F Ram - MVF Raim " MV Rau 1F t aw. UF Rau 1SF
IS 1.006 7-001o ---- ---- 0.000 0.000 .. .. 1.000 1.000

•L--- .. -" -- . .. .. .. .. . .. .. .. I R1.600 t.000 .. ..
It.. ,-. -". . . 0.000 0.000 9.300 17.6403 6.000 ?.25s 0.040 0 lS4 0.1143 0.1454
W-- -.. .. .. .. .. .1.000 2.000 3.000 S.000 2.000 2.000 0-333 0.333
rOyTL 1.000 7.000 - --- 0.000 0.000 10.2•6 19.593 6.76O 10-000 o. 14r o;034 0.016 0.616

CHI-SQUIARE F-HRT
Total FOR 2 TEsr PERIODS
RIau UF Rat IF

3 10, 2 a
1 - 1 1 1

42 65 32 - 46
8 11 S 6

S4 ?07 39 s0

rota.l" CIII-SOURRIE UILUES
- - FOR 2 TEST PERIKODS

Rat M"F Ras SF

1 2 LS 1.000 5.333

0 0 SL 1.000o 1.000

21 30 NC 7.OOO 12.a"15

I 1 UM. 5.444 0.333

23 33, TOT1AL12.401 24.300

CIHI-SQUARE - 3.041
<d.f. - 1>
(Clpha -. .as)



Tae . t *E36. Indian Point hawwero test "onitri nr using t dew-..
uwartIC&I *raninducow located at unit 3 0 inak 35.

Tidal Phta.s: 30 "In b*for.
High Tide

Duration of rests 10 win How 163 on
- treatnent ry".: 10 win continuous

test Date: 22?.'10SO
tes THow.: 1650

to nlzNurES ommiim rTsr ruzoix

Trace
TWO

LS

St.

tic
Ue.
mmta

0-1

a 0

0 0
* 0

o 0

0 0

'-a

a 9

0 0

0 0

a 10

2-3

Roa MF

0 0

0 0

1 3

0 0

1 3

ROOM C,..tews)o
3--4 4-,

Rom UP Rom lip

S 0 i a

0 0 0 0

0 0 6 0
0 0 0 0

0 0 6 10

5-4

0 0

0 0

r I

It I

* 10

CiHI-SaiRE F--HAT
6-V toytl& FOR 2 TEST PERIODS

Ram MF i tsa Ie Raw U

0 0 a 7 a 9

0 02 0 0 0 0
4 4 I 16 21 1?1I 24

I
0~ 0 1 1 a at
4 4 I 2, a T20 30

10 nIIuTES wFTER TEST Pzomo

race -- 1-2

Tqp• Ram SW ' ass M

S., 0 0 0 0
St. 0 0 0 0

HIC 0 0 0 0

mm0 0 0 0

Tota.l • . a 0

2-3
Ram SIP

0 0

0 a

0 0

0 0

0 a

Ram UPF Rasa 6F

1 * 0 0

0 0 0 0

0 0 4 &

0 0 0 0

I 2' 4 6

5--6

0 0

0 0

9 1s

0 0

* 11

6-? Total CNI-SOUFRE VIALUES
-______ ------ P0 2 TEST PERICOS

Rom 1WF : Ram UF Ram liF

0 0 a 1 2 LS 0.333 2.7rT

0 0 9 0 0 SL - a

2 2 i IS 19 NC 0.2T3 2.083

2 2 1 2 2 SUL 0.333 0.333

4 4 a 0 2t rTrOAL 0.21 3.27r

CII--SUAREi -0-1 1-2 2-3 3--4 4-9 5-6 IL-- CI-.uhiitle , 3.641F-mrt --- QUR -d€ 3.S4

raui Sw Ratem S go" UPF Ram 1F Rim F' Raw, P Rae &P aiphIa -, .0:)
LS 0 0 1 3 0 0 1 1 1 1 0 0 0 0
St. 0 0 0 0 0 0 0 0 0 0 0 0 0 0
NC .0 0 1 3 1 2 0 0 5 7 0 10 3 3
Si 0 0 0 0 0 0 0 0 0 0 1 1 1 1
rOeni. 0 0 1 S 1 2 1 1 9 a 1 11 4 4

CII--SOUARM 0-1, 1-2 ,-3 3-4 4-s S-9 6-7
VOWES -- -

Rau UP Roa 61F Rom UP Rau liF ROw UP *Aan N Ram SiP
LS - - 1.000 9.000 - - 1.000 2.000 1.000 2.000 . . .. .

HC e -- 1.0 5.000 1.000 3.000 -- -o 0.11 0 a.2 0.2s0 0.2ao o.667 0.667
MU -- -- - -.- - 1.000 1.000 2.000 2.000
TOi - -- 2.000 10.000 1.000 3.000 1.000 .00m 0.400 1.000 0.05-0 0.0001 0.000 0.000



Table E3V. tndi an Point haemnf- toot .lonltorftng u
1
79 6

vertil transducer located at uni

Tidoel Phase 2 Hrls before
low tide

Dirat-on of leswt 5 .ivn I hwo 13 Test Mate s 31r3ze
. Treoatgmet Tjple I10 sec on, 20 s8c off Test TiW.= 0320

... .........

S nIWJT[S DuInne TUST PERtio

r ace
TV',.

LS

SL.

uM

Tot~al

0 0

0 0

0 0
o 0

0 0

1-2 2-3

Raa 1W Ramn 1F

O 0 3 a

0 0 0 a

0 a 0 0

0 0 0 0

o a 3 6

arm"OE ctwe-s)

3-4 4-;

Raom MV MRae UF

3 4 4 S

0 .0 0 0

0 0 0 0

0 0 0 0

3 0 4 0

CHI -SOMtME F-HAT
9-6 5-7 Total FOR z TEST PERIOOS

Rau. U5" Ram UF t Rau. IF Rau F"

2 2 0 03 12 2; IS 2;

o o 0 a 0 a 0 a

0 0 0 0 0 0 0 0

a 0 0 0 1 1 0 i 0
2 2 0 03 1*• 22 3. 281

s N WJ"[ES ArTCR TEST PERIOD

Trace

LS

SL

NC

UM

Total

0-1

0 +

0

0

I

r

0

3

1-2

1 3

0 0

0 0

0 0

1 3

2-3 3-4 4-- 5-- $-- Tot&a CHI-SOUARR USL.JES
-OR 2 TEST PERIOS

Rae m' f*-a 1r Rae 11F Ram MVF Raw. I - Ram UPV Rae &W

0 a O 0 10 is & v a a I 1t 34 L2S 1.00 2.71I
0 0 0 0 0 0 0 a 0 0: 0 0 SL - --

0 0 0 0 a 0 0 0 00 0 0 Nm - --

O 0 0 0 0 0 0 0 0 01 0 0 MM -a

0 a 0 0 10 s3 0 r i 34 TOTALi. .200 2.33t

CIHI -SOU.PIE '1-L 1-2 2-3 3-4 4-9 5-6 6-rIr-mIT " -. .
Ram M- a R. M 12 USF Rae F" R4ae MF Raw Rae MF

LS 1 4 . 3 z 4 2 3 r 11 4 S 0 0
St 0 0 0 0 a 0 0 0 0 0 a 0 0 0
NC a 0 0 0 0 0 0 0 0 0 0 0 0 0
MU 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TO"AL 1 4 1 3 2 4 2 3 7 S1 ,4 5 0 0

cHI -Sotwpe 0-1 1-2 2-3 3-4 4-5 5-6 6-T

Re" + WF MtON F Rae UF Re up Rae MV Rae MUF Rae MF
LS 1.000 7.000 1.000 5.000 3.000 8.000 3.000 6.000 2.s5• 3.6OS 2.000 2.P0 - ---

rOTAL I. 600 ?.000 1.000 3.000 3.000 0.000 3.000 4.000 € .s71 3.997 2.000 R.TTO - --

CHI-SOURKE . 3.$41
(d.f. -. "
(alpha - .05)



Table r-39- Indian Po1e~t havw,.r toot oqonitori ng usqS
vwmticalk transducer located at unit In ok A 4sa .

ridal Phas2t 1.5 was before
I*" tide DIation of Tlst: , n,-. hws 163 Toot Dot#: 3/3,4*6rroot.owt Type: 5 wL. c.,tinuo lU rett riw.: 0340

20 fIMltDES m TEST ";MN r PERrOD m¢ a~twu•

TraC*

LS

S1.

WI
Tote,

0"-1

Rawa SW

00

0

0

1-2

Rau MV

0 0 0

0 0 0

0 0 0
0 0 0

0 0 o

2-3 3-4 4-5

Rau hF Raw MV Rau UP

0 0 1 a a 3

0 0 0 0 0 0

0 a 0 0 1 2

0 0 0 0 a 0

0 0 1 a 3 a

5- 7

I I

1 1

o 0

II

cII1-SOURRmE F-HAT
6-r Total FOR 2 TEST Pra.iOs

Rawu u Rau PF Rau uV

0 0 S 9 12 9 1?

0 0o 1 1 1 2

0 0: 2 3 1 2

0 0 a a 0 0 0

0 0 I i s 16 11L 20

10 MINUTES AFTER T9Sr PERI!D0
UMK (,.too Mr

TraceT•ap

LS

SL

NC

Total

0-1

*am MV

0

0

0

0

I

1-2
R4aw MV

7 1 5

a 0

a 0 0

a 0 a
v I 1

2-3 3-445

Raw liP Rau it Rau IW

0 0 0 0 3 S

0 0 1 2 0 a

0 0 0 0 0 0

O 0' 0 0 0 0

0 0 1 2 3 5

5-6

Rauw S

4 v

0 0

0 0

0 0

4 5

G6- Total CiHI -SQUARE VALUES
FOR 2 TEST PERIODS

RAW W" : RaON MF Raw M

0 0 1 9 2 L LS 0.000 o.941

0 0 1 1 2 SI. 0.000 0.333

O 0 a 0 0 "r. 2.000 3.000

0 0 a 0 0 1m - --

0 0 3 10 24 TOTAL 0.102 1."00

CMI -SQUAR.E 0-1 1-2 2-3 3-,4 4-5 5-6F-H.AI . .
Rous MV Raw w flaw 1W Raws Sw itaw Rags MV

LS 1 4 1 3 0 0 I 1 3 4 5 6
St. 0 0 0 0 0 0 1 1 0 0 a I
He 0 0 0 0 0 0 0 0 1 1 1 1
1m 0 0 a 0 0 0 0 0 0 0 0 0

OTArL 1 4 1 3 0 0 1 2 3 5 a r

aC. ]-SQUAP. 0-- 1-- 2-3 3-4 4-5 5-4
VALUEaS - --- -~- -_ _ ____

R*a SF Rao Sw Rau 11 Raw MF RAW UF Rau SW
LS 1.000 7.000 1.000 S.000 ... . 1.000 2.000 0.200 O.S00 0.400 0.33
5t -.- - - 1.000 2.000 - - 1.000 1.000
He:- . . . . .. . - 1.000 2.000 1.000 &.000

rTrAL 1.000 7.oo0 1.000 ;.000 - - 0.000 0.000 0.000 0.000 2.333 1.143

s-r
RawJ MV

0 0
0 0
0 0
a 0
0 0

R -V

Raw IP-

CHI-SmUARS - 3.041
(d.f. M-
(alpha " .053



7.11. E3S. In~dian Point hae.,..r twat e"onitting using 6 dogrge
ertIcal t duw locatod at unit inake

ridal Phose8 1.5 hra before
104& tid.

Duration of Testl 5 9s4n. hlert 153
Troatemnt Tupol 5 mein continuouslu

Test Oat*: 3(f•3g
Test Tieiz 0BSO

.. ........ ..... . ... n n . s s s k ~ a a e e n n s n
S Ml14UTES DURI3m TEST PERI0D

Tae•.

LA

lCa

r-tal

a-a

Rae. HP

I V

a 0

o 0

1 r

1,-2

Rae. MP

o a

0 0

0 0

0 a

0 a

2-3 3-4

R*a" W Raw MF

1 3 0 0

o 0 0

0 0 1 2

0 0 0 0

& 3 1. 2

RAKOeE (.sete.-u
4--5

Rae UP

I 2

a 0

o 0
1 *t

CHI-SQUSARE F-HftT
9-6 6-7 Total FOR 2 TEST PEr[ODS

Rams U Riaw M t Rome HF Rau F

2 4 4 2 9 1i 9 23

0 0 0 0 0 0 1 1

a 2 1 &: 4 5 2 3

I &1L 1 0 0~ I 1 IL I

S£ 5 5 a 14 24 12 21

5-6 s--r TOtal CHII-S.UARE UALUES
FOR 2 rEsT rERiOoS

RaM. UP R4e UP I RaM UP Ram MV

3 4 0 o 0 .0 LS 0.09, 2.174

0 0 1 1 SL. &.am0 1.000

0 0 0 03 0 0 mC 4.000 S.000

0 0 0 , 0 0 mm 1.000 1.000

4 S 0 0 2 1 29 TOTAL .o00v 0.472

s mIINUTES rTEn EST PERIoo

rj*a" w mP a" UP

L2a 14 1 5

S1L 0 0 a 0

mc0 0 0 0

Mi. 0 0 0 0

t.a1 2 14 1 0

Rao mU Rap M7 Rae. U

1 3 1 2 0 0

o a 0 a 0 0

a 0 0 0 0 0

0a 0 o 0 0 0

1 1 2 0 0

131-SOu.Re O-1 1-2 2-3 3-4 45.5-6F440T Ra64 UP R44 UF Rae. MF R404 M RA•e MF Rae MF *4W4 uF

LE 2 1& 1 3 1 3 1 1 1 1 3 3 2 2
5L 0 . a 0 0 0 0 0 a a 1 0 0

0 0 0 a 0 0 1 1 0 0 1 1 1 1
S& 0 0 0 0 0 0 0 0 0 0 1 1 0 0
TWrnL 2 11 1 3 1 1 1 2 1 1 5 £ 3 3

IM -SSIUAUM 0-1 1-2 2-3 3-4 4-S S-6 6-?

Rau mH RM. MF Rae. MF RaSF M Ras HF RRm WF Rae MF
La 0.)333 2.33) 1.000 .000 0.000 0.000 1.000 2.000 1.000 2.000 0.200 0.667 4.000 4.000
S--L. . . ..... - - 1.000 1.000 .. .

--. .. .. . .. . .. 1.000 2.000 2 - 2.000 2.000 1.000 1.000
h-I. - -. ... 1.000 1.000 .. ..
TWAL 0.333 2.333 1.000 9.000 0.000 0.000 0.000 0.000 1.000 2.000 0.111 0.000 9.000 3.000

CHI-SQUARE - 3.641
(d.f. - 1)
(alpha , ,OS)



Table E40. indleft Point hetmer test monitorin using 6 d*qr.
vertical transducer- located at unit 3, itis:36

Tidol Phase& 1.2 hrs before
loss tide

Duration or Tests S win, hire 103 Toot Date: 3f3.'e
Tre-*atset ru. to iec on. 20 soc off Test TI... 0400

S nx orS wUwito TESr PatI00
meet r..t..-.~

0-1 1-2 2-3 3-4 4-V 5-4 6-T

Ta Rem. r me" Mv 3 Mr RRob MV tee. MV Rom W Roo M. am I

LS i r 1 I 3 S 3 a 1 2 4- 5 0 0

SL 0 0 0 0 0 0 0 0 0 0 0 0 0 0:

NC 0 0 . 0 0- 0 0 0 0 1 1 1 1?
$

MR 0 0 0 0 0 0 0 0 0 0 0 0a 0
ToteL I 1V 1 5 3) 0 3 Sf I * S S I 1ii

S ntIUTES Flrli TEST PEaiOD

REWWE <eMtet-aI)
0-1 1-2 2-3 3-4 4-5 5- 6 -?

Tra-7 -- -
TYpe Rtam M Rasa UF Ram PF• aaR MF

LS 0 0 0 0 0 0 0 0 0 4 9 0 0. s
I

SL 0 a0 0 0 0 0 0 0. 0 0 0 0 .0 0

"C0 0 0 0 0 000. 0 0 0 0 0 *

lii0 0 0 0 0 0 000 0 0 0 0* 0!
;;tax 0 a a 0 a 0 0 0 a 4 -5 0 a 9

CHI-SOIJARE 0-71 1-2 2-3 3-4 4-5 5-6 6-?

tam. UP Rae. U ROe. MF Rae "r *am. Mv Rams MF ft4e. MV
LS £ 4 1 3 2' 4 2 -3 1 S 14 S 0 0
IIL 0 0 0 0 0 a a 0 0 0 0. 0 0 0
me 0 0 0 0 0 0 0 0 0 0 a I I I
SAW0 0 0 0 0. 0 0 a 0 0 0 a 0 -0form 1 4 3 2 4 2 3 1. 1 6 1 1

cNN-_SQUARE 0-.1 -1-2 2-3 3-4 4-5 5-6 G-?.

*a". MV fta.. MV Re.. UF Raw. &W RON wv Raw. MV Rami mv
LS 1.000 7.000 1.000 5.000 3.000 6.000 3.000 6.000 1.000 2.000 0.000 0.000 - -
SL -- - - - - - - - - -
tee- - -- - - -- 1.000 .1.000 .1.000 L.000

rTOTL 1.000 r.006 1.000 5.000 3.000 0.000 3.000 6.000 1.000 2.000 0.111 0.091 1.000 1.000

.CHI -SQUaRE -FHfr

Totat FOR 2 T.ST" PEIzoos

IM" 1w Raw. Mv

13 33 9 19

0 0 a 0

2 2 1 1
0 0 0*" 0

3535- 10 20

Total CHI-SQUIARE VALUES
FOR 2 1ei$ PEI•oDs

RZs. w Rt-i

4 S LS 4."61 20.630

0 0 L -

0 0 he 2.000 2.000

4 S TO"A. 0.360 22.500

CHN-SOUniR - 3.041
cd.f. - 10
(alpha - .05>



Tobi. E41. India"' Polint hoa..... test monitoring Using a do "e
v'ertical tranodkmor locoted at uni t 3p lntak. 3K.

Tidal Phases I th b**oe.W
. Lou tide

Djration of Test. 5 In, ho.rg Mk3 test Oat•. 3./03.eee
Tr.otg nt Ttpg 10 sec r.o, 20 see off Toot Time.: 0410

B I MINUTES 0U03 M 3rcsr PIa1o0

Trace

LS

SL

MC

MU

Total

0-1

0 0
.0 0

0 0

0 0

0 0

1-a 2-3 3-4 4-C

ROM 4W Raue 541 Rau UP Rame

2 a 5 s 1ir 1. 2

0 0 a a 0 0 0 .0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

2 1 a S 9 1? 1 2

S ni]s JTES FwEtE T.ST PERIOD

CHI-SOUAIJ F--HAT
5-6 G-1 Total FOR 2 TEST PERIODS

Ram UF Item MFl Rom Ur Ra.m M,

4 5 3 3 z 21 41 Le 32I
0 O a 0

0 0 0 0 0

S 6 4 41 23 43 20 36

5•6 6-7 Total CH -SQUARE IVFILUES
FOR 2 TEST PIEIOVS

Rom SW Rame up Ram' uIr Ra , IP

12 IS 0 0 : IS 22 LS 1.000 5.730

0 0 0 0 0 0 SL - --

0 0a 1 1 2 4 NC 0.000 0.66?

0 s 0 a a.9 .10 0--
12 1 1 - ; 17 2is VOT"AL 0.00 ,4.108•

RAWI (u..tags3

Trace

LS

SL

HC

Total

O-0:--t

Ram. UP

0 0

0 0

0 0

0 0

0 0

1-2 2-3 3-4

Raua U RAgU W Raem U

o 0 1 3 1

0 0 0 0 0 0

o 0 1 3 0 0

0' a 0 0 0. 0

Rag' SIP

1 2

0 0

0 0

0 0

CHI -SQUARE 0-1 -2 2-3 3-4 4-9 5-6. 6--
F-HAT -- - - --- --

Rae" UP Ra4e UP Rag o4 M; 1RAM MF Rag I1 Rag SIUP Ragom MF
LS 0 0 x 5 2 -4. 5 to 1 2 8 1o 2 2

L0 0 0 a a 0 0 0 0 0 0 a 0
NC 0 0 0 0 1 2 0 0 0 0 1 1 1 s
Mu 0 0 0 0 a 0 0 0 0 0 0 0 0 0 0
TOTAL 0 0 1 S 2 ' 5 10 1 2 9 11 3 03
CM! -SOmRE 0-1 1-2 2-3 3-4 . 4-5G--6VA•LUIES. ...

ROM - Sg U Ra1" UP Rae. UP Rae. UP Rsag uP ft4g8 Mr R40 Saa
LS ... . 2.000 2.000 0.333 0.500 6.400 11.042 0.000 0.000 4.000 5.000 3.000 3.000
St - -- - - - - .- - - - - -
NC 1.0- --. . . 1.000 3.000 .. .. . .. 1.000 1.000 0.000 0.000

TOrTL 2.000 - . .000 0.000 0.251 6.400 11.0842 0.000 0.1000 2-.02 3.057 1.000 1.100

CHI-SQUARE - 3.941
Cd.f. - 0
I(lpha - .05)



Table E42. ndi an Point ha•mnr teat wonitori3g uw• St :,dejZ-~ertical trmatoducor Located at Uni 3. 0 _

Tidal Phagel I hr- bef"e,
Lou tide

Ouratlon of Trest: , "u, twqrs 163Freatu*nt .VlW,.1 S in contl#rnuousVlj
Test vote: 3"/G8
rest Tine: 0420

.enefbnuinaSfaa~~fbeaflns~nfb nanfblbfbannfbl.n
10 AINWES D(~NU TEST PERIOD

am" ceter.w)

Trace

LS

SL

Te

Tota

O--£

Rais UP

t

6

*

o

r

0

7

1-2

2 '3

o 0

o 0
0 0

o

Rau UP Rau NF
1 3" 1 2

a 0 0 0

0 0 0 0

a 0 0 0

t 3 1, 2

4-S 5-6

Ktim OF Rase M

1 2 4 5

0 0 0 0

0 0 0 0

a 0 0 0

1 a 4 5-

CmI-SmkARE I-HAt
6--7 Total FOR 2 a rST PER*ODS

Raid 'UF Rau UF Rau M1

2 2 * 12 30 10 30

0 0 0 0 0. 0

0 a 0 0 1

0 0 a0 0. 0

2 2: 12 30 11 31

to 11UMEs OFTER MEST PERIOD
RfWWE Cmters)o

Trace
TUpo

.Ls

SL

NC

Total

•0-1 1-2

Rau NP Rau NP

2 14 2 9

0 0 0 0

a 0 0 0

o a 0 .0

2 14 9 -o

2--3 3-4

Rau MW Raw 1F

2 5 0 0

0 0 0 0

0 0 0 0

/ 0 0 0

2 s 0 '

4-S 5-6

Rash UP R6a4 MU

a 0 1 1

o .0 0 0

0 0 1 1

0 0 0 0
0 . 0 2 -2

6-? Total CHI -SQUWRE UALUES
FOR 2 TEST PERIODSRasau F ." Ra SW R au UF

0 0 1 7 240 LS 1.316 0.O17

0 0 0 0 SL -- --

1 2 2 2 HC 2.000 2.000

O 0 0 0 WI - --

S I z 31 "OTSL o.4-S 0.016

CHII-SOmARE 0-- 1-2 2-- 3-4 4-- 5-4 6-?

Ru w Ra" wi Rtas UF Rau HF Rau MV Rau UP Raw MP
LS 2 At a s3 2 4 .1 a 1 2 3 3 1 I
SL 0 0 0 0 0 a0 0 0 0 0 0 0 0
NA 0 . 0 a 0. 0 0 0 0 0 1 1 1
Um 0 0 0 0 0 0 0 0 0 0 0 0 0 0

aTtAL 2 11 S Oj 2 4 o l 0 1 3 4 2 0

CMI -SUARmE 0-1 1-2 2-3 3-4 4-S S-6 S-?VFU•JES -- --- - - -- --- -

Ras UF Ran 9P Rau MV RA SA F Rau UP Rat MPF Ran MF
LS 0.333 2.333 0.000 0.000 0-333 0.500 1.000 2.000 1.000 2.000 1.000 2.66? 2.000 2.000
SL --- -- - -- - ---- -.. -- -- --

C. 1.000 1.000 1.000 1.000

OtfmA. 0.333 2.3333 0.000 0.0-0-0 0.3-313 0.SW-O 1.000 2.000 L.0-00 2.000 0."-7 2.2-616 0.3.-S33 0.33)•3

CHI-S-UARE - 3.041
(4d.4. - 13
(alpha - .09)



table E43. Irndian Point harwh w test monitoi gusing 6d .*
ve..etc~al transducer Located at untd naeý.qe

ridal Phas*: SO "In b.4"or.
Lou tide

Duration of ro rt: 5 min. t_ - 1.3_5 teoo Date: 3'03/08
trewatueent Type: 5 .1n continuouasl, rest ri,..: 0430

I~~. .. .. . . .q / q O H NH HI •H U H H NN H l f

s milkurEs Doal,.. TEST PKRz[D

Tr ac.

LS

SL

NC

UU

0-1

Rau. NP

a 0

0 0

0 0

1-2 2-__ 3-4

Rao MF Ram MF Rom U"

o 0 4 11 4 S

a 0 0 0 0 0

o 0 0 0 0 0

a 0 0 0 0 0

RRHOE4 (sJte-w"
4-S

Rau NP

2 3

0 a
0 0

o 0

CHI-SQUARE F-HRr
5-6 -- rotral FOR 2 tEsr PERIODS

Rau UF RAM P I Rau WI Rau NP

6 1 0 0 16 2 13 as

0 0 0 0: 0 0 0 0

1 1 0 0: 1 1 1 1

0 0 0 0: 0 0 0 a

TotaL 0 0 0 0 4 A1 4 0 3 7 0 0 0 1

5 MSTtES AFTER TEST PERIOD *rNS~lE Ctwas)

0-1 1-2 2-3 3!-4 4-5 S-6 6-"

Type MNP Raw MN Rom N Ram. NP Rom MF Ram MP Raw NP

LS 0 a 3 14 2 S 0 0 3 5 2 2 0 0a

SL 0 0 0 0 0 0 0 0 0 a 0 0 0 0a

Nw 0 0 0 0 0 0 0 0 0 0 1 1 0 0a

l0 0a 0 0 0 0 0 0 0 0 0 0 0 0a

Total. 0 3 14 2 s 0 0 3 9 3 3 0 0a

CHI-SQUARE 0-1 1-2 2-3 3-4 4-5 5-- 6-r

Rae aP asw SW Raw NP Ralm NP Raw N Raw UP &aw It
LS 0 0 2 7 3 a 2 4 3 4 4 9 0 0
S.. 0 0 0 0 0 0 0 a 0 0 0 0 0
14C 0 0 0. 0 0 0 0 0 0 0 1 a 0 0
"U 0 0 0 0 0 0 a 0 0 0 a a 0 0
TOTAL 0 0 a 7 3 0 2 4 3 4 S 6 0 0

CHI -S5SUAR 0-1 1-2 2-3 3-4 4-5 --6 6-r

Rawm s Ra " UF Ram UP Ra" NPF RMa UF Rawm Sw Rosa•. -
LS- 3.000 14.000 O.G66 2.2SO 4.000 6.000 0.200 0.500 P.000 2.11s ---

"C . .. . .. . .. .. .. .-. 0.000 0.000 --

TOTAL - - 3.000 ,14.000 0.66? 2.250 4.000 8.000 0.200 0.500 1.600 2.*"3 - --

1? 30 14 211

rota1 CHI-SQURRE VALUES
FOR 2 TEST PERIODS

Rom NP Raw NP

10 26 LS 1.3*S 0. 164

a 0 SL - ---

1 1 NC 0.000 0.000

0 0 M1 - ---

11 2? TOTOL &.286 O.ISO

C)t4-SDJARE - 3.04L
<d.f. - .1)
Calphs - .05)



Table E44. Indian Point hone.. test m.onitoring Using 6 donme*
vertical tranaducer'locatod at unit 3. ntAk*3

idal. Phaeme: 40 wt n b.Eor'
Low tide-

Duration of Test: S e.1, hqq r 1.0 Teat Oat.: 3i03/98
Treatme•nt Type: 10 a.e¢ ohn 2*0 sec off TeSt lie: 0440

•J mssulm iJ ~ ~ m ln0...........n slmi~l~m elm ~ulli t.qle n * m~

5 MINUITES DURI[NO TESTr PMIoD *ANGKe <"trffl)

0-1 1-2 2-3 - 4-9- 9-4 6-7

-rp. Ram. MV Rao UT ae uP RaUP Ma&" F Roa MF RauI U Ran Ur

LS 2 A4 2 90 0 0 O 0 a 1 3 4 0 0O

SL a 0 0 0 a 0 0 0 0 0 0 0 0 0*

mc 0 0 0 0 0 0 0 0 0 0 0 0 0 0.

Mu 0 0 0 0 a 0 0 0 0 0 0 0 0 0:

Total 2 14 a 9 0 a 0 L a 3 4 a 0.

s mINUrEs aPER VEST PERice

0-1 1-2 2-3 3-4 4-5 !-4 G-?
Trace -----------
Type Ram. UP Raw. N Rom UT Rail UT Roae Wl Rae" MT RAU lI

LS a 0 0 1 3 1 2 3 5 2 a 0 0

SL 0 0 0 0 0 0 0 0 0 a 0 0 0 01

PC 0 a a 0 0 0 0 0 0 0 0 0 0 0.

aU 0 0 0 0 0 0 0 0 0 0 0 0 0 0:

Total a 0 a 0 1 3 1 2 3 3 a a 0 0.

CHo-SOUARE F-HAr
Total FOR 2 TEST PERIODS

Ram UF Rau Mr
* 29 9 21

0 0 0 0

o 0 a 0

0 0 0 0

Total CHI-SQUARE VALUES
FOR a reSt PERIODS

Rae UF Rau. UF

SL2 Ls 0.0s-t 7.049

0 -0 SL - -

0 0 up ---

or'rli. O.Ow -".04-

CHI -SQUARE 0-1 1-2 2-3 3-4 4-- S-6F--mT .. .
Raw. UT" Rau I Itae" 4 " Ram MUT Rom UTF Raw Mu

LS I r I S I a 1 1 2 4 3 3
SL a 0 0 0 0 0 a 0 0 0 0 0
-"C a 0 0 . 0 0 a 0 0 0 a 0
mu 0 0 0 0 a 0 0 0 0 0 0 0
TOrAL 2 " 1 5 2 1 1 2- 4 3

Cmt-SQUARE 0-1. 1-2 2-3 3-4 4-5 S-6
VALUES

Ram -". U Re.m U• ae4 " IF Ron Ui Rau MT Rae. MF
LS 2.000 14.000 2.000 9.000 1.000 3.000 t.000 2.000 1.000 1.206 0.200 0.667

TOTAL 2.000 14.000 2.000 9.000 1.000 3.000 1.000 2.000 A.000 1.Z14 0.200 0."67

0 o
0 0
0 00 0
0 0

1-7"

CH--SOUARE - 3.041
rd-.. *- I)
Calpha - .OS>



Table E45. Indian Point hoemqwr text "ontetorhg Um~ing .
~~ti cat transducer located At unIt 3 a lota

tidal Phs": 30 wtn befor-
Lou tide

Durstton of Text-. 5 wtin, hnrs 1,36S T1et Date: 3M'03rs8
Treatment tjpel: 10 Wec on, 20 sec off test rippo: 0450

S flIWUTES DUR12O TEST PERICO
RAIS C•otoreg)

0-1 1-2 2-3 .3-4 4-5 5-4 s-r
t--ac ----------Typeo Raw HF Saw• 117 t• y Raw HF Raw 11 Raw 1 R1 F

LS 1 5 4 11 4 0 4 a 2

SL 0 0 0 0 0 0 0 0 0 0 0 0 02

"C 0 0 0 0 0 a 0 0 0 0 2 2 1 1 I

1M 0 0 0 0 0 0 0 0 0 0 0 0 0 0:

Total 1 7 1 5 4 it 4 a 4 a a 7 3 3 2

s ei[UTEs AFTER r'sr PERIOD

0-1 1-2 2-3 3-4 4--s S-6 G-?
Trace - ------
Type ;ta " F Rtw 1V Rau UF Rta MF Ram UM Rt. MF Rau UF

LS 2 14 1 5 3 1 2 1 2 3 4 0 0:

SL 0 0 0 0 0 0 0 0 0 0 0 0 0
iC 0. 0 0 0 o 0 0 0 0 0 0 0 '0 02*

Mu - 0 0 0 0 0 0 0 0 0 0 a 0 0 0:

Total 2 14 1 5 3 a 2 2 I 2 3 4 0 02

C141 -SOAMfRE F-HRT

Total FOR 2 TEST PERIODS.

RAM SW Raw MF

20 44 1i 40

0 0 0 a

3 3 2 2

0 0 0 0

23 4? i1 41

Total CHI -SQUARE VIALUES
--- - - - - - - - --FOR a TEST PFPERIODS

Raw MV - ta" N

it 3s LS 2.613 1.o25

0 0 SL --_ --

0 0 NC 3.000 3.000

0 0 TOA .. ..
1.1 36 TOTfl. 4.21t5 175T6

Cm -SQUARE 0-I 1-2 2-3l 3-4 4--s S-6 6&- CHI-SQjARE - 3.041.F-HaT ----.- -. ..- <;d.4r. - 1),
Rau HF tR&" UF Ram 117 Raw& sF Ram HF Rau HF Raw * F W alpha - .05

LS 2 11 1 5 4 10 3 9 3 4 4 9 1 1
SL 0 0 0 0 0 0 0 0 0 0 0 0 0 0
"IC 0 .0 0 0 0 0 1 1 1 a
gm 0 0 a 0 0 0 0 0 0 0 0 0 0 0
TOTAL -a 21, 1 S 4 10 3 S 3 4 S 5 2 2

CHI -SQUARE 0-1 1-2 2-3 3-4 • 4-S S-S s-r
URLUES -- - ------

Rau HP Rau uF Rtau IF Rau tAF RaU 51 Ram lF Ram HF
LS 0.333 2.2333 0.000 0.000 0.143 0.474 1.000 3.600 1.000 2.000 0.&43 0.111 2.000 2.000

.SL -~ - -- - -- - -- - - - -- -- -- --
14C ... . .. .. .. .. .. . .. . 2.000 2.000 1.000 1.000

TOTAL 0.333 2-333 0.000 0.000 0.143 0.4/4 1.800 3.600 1.a00 2.000 1.000 0,016 3.000 3.000



Table E46. Indian Poinet haewo.. test "Onltoter ino using 6 dogw-.*
vertical tlvan.duww Zee& od at unitt .13. intake 36.

Tidat Phase: 1.4 br-a b.(or.
10. 4:140 Duation of root , h;o .-s I&S° rest Mae 3/03.0Tveab~ent re.w.± so SO co.iu~ouvi1y Tat "*1-: 1600

•*mmum ~ . ...~'w m .ra wmuam -- - - -m --m -m~'maa ~ *. I amu.amam l m mm m e ~ n lm • m mw~~ am mmm•m ~~~mm ~ H~a ~l ma
10 mI1UrES mEFoRE TEST Pmauoo

V-acv
Typo

LS

SL

KC

0-1

RaM MT

0 0
o 0

o 0

1-2

0 0

0 0

1 5

2-3 3-4

Rau Ut Raew MF

3 8 E 16

0 0 0 0

3 8 O 0

4-5 5-6

Ram lI1 Re" 14€
* 31 2 2

a a a 0

0 0 2 2

6-7

Rau UT 2

0 0

0 02:
2

w" 0 0 a a 0 O 0 a 1 2 0 a 0 0:

Total 0 0 a S S 16 i 1s 3 9 4 4 0 01

10 mmNurcs Ouima risr P"11OO

0-1 1-2 2-3 3-4 4-5 S-G a-r

Typ° Rae. UT RRe MuT Rae. uI R4a. UT Rau. MT Raw. MT Re" 1"
I

LS 2 14 1 5 1 -3 3 I 3 12 10 1 0 02

SL .. 0 0 0 0 0 0 0. 0 0 0 0 0 0 0 0.

mC 0 a 0 0 0 0 0 0 0 0 0 0 0 0a

Mu 0 0 a 0 0 0' 0 0 0 0 a 0 0 02

Total 2 14 1 S 1' 3 3 a 3 m 10 12 0 0a

10 HINIUTES AFERlll 11"1ST1 PERItJOD
I•RII0E (qeterg)>

0-1 1-2 2-3 3-4 4-5 S-6 6-?
Trace -------- -----------ryM.* Raum UPF Rau WI Rau MF Ree4 MF *am lil RauI MF Ratu kip ..

LS 1 7 0 a 0 0 2 4 1 2 2 2 0 0

SL 0 0 0 0 0 0 0 0 a 0 0 0 0 0

"C 0 0 0 0 1 3 0 0 0 0 0 0 0 0

MM 0 0 0 0 0 0 0 0 1 2 0 0 0 02

COI -SQUARE F-HAT
Total FOR 3 TESf PERIODS

Rae UT Rau MF
15 29 1,4 23;

0 0 0 0

6 is 2 6

1 2 1 1

22 46 1? 37

Total CHt-SQUARE VALUES
------ FOR 3 TEST PERIODS

Raw MT Raw Mr

20 46 LS 6.2o4 i.586

0 0 SL -. ..

0 0 meC l.SOO 21.000

0 0 WI 0.000 4.000

20 45 TOTL 5.1,6• t1.730

CHI-SQUARE - 6.9s1
rotal (d.rf. - "

------ (alpha . .0S)
Rau. UP

0 0

1 3

-1 2

0 20

CHI -SQUARE 0-1 1-2 2-3 3-4 4-- 6-6

Ramm MV mse" MT Rau IWF Ra&." M Rags MF Rau MF
L-S 1 7 0 2 1 4 4 I 2 3 5 S
SL a 0 0 0 0 0 0 0 0 0 0 0
fIC 0 0 0 2 1 4 0 0 0 0 1 1
I8, :•'o 0 0 0 0 0 0 a 1 0 0
TOTAL 1 7 1 3 3 r 4 9 3 5 3 6

CHI -SQUARE 0-1 1-2 2-3 3-4 4--S S--6

Raeu iF Road UP Rau MtO Ra.u MT Ra" MT" Re.m Mi
LS 2.000 14.000 .- 5.00 6.000 7.-20 6.250 8.222 1.000 2.6"7 T.600 14.400

MC -- • -- -- 6 7o50 $.000 7.250 . .. . . 2.000 2.000
.. .. .. .. .. . .. .. 0.000 4.000 --

TOTAL 2.000 14.000 0.000 $.667 4.6"r &.143 e.2so e.222= -0." -. 5m0 8.000 9.333

a 0D

Rau UT
0 0
0 0
0 0
0 00 0

6-7

Rau. UT

9



Tabrle E4?. Indian Potft hauuer test 9onitoring using 6 degree
uertl]cal tran•ducer Located at ut 3v In tako wp

Tidal Pmhazes I hr before.
lou tide

Djration or restc, 10 "in, hwes I,3&g rest Date: 3/03.180
Troetesent tjp*: 10 8m continuously Test Ti.n: IS20

10 NIUT(S DtII4O tcsr PiniOn

CHI-SCAIRE F-HRT0-1 1-2 2-3 3-4 4-- S-- -- Total FOR a TESf Peat1os

R- za W IF Rai MV Ram WF Raml W Ram MF Rau WF Rau .IT : MFRamj ST Mau Mr
LS r 1 5 0 a 1 2 3 5 2 2 0 0 S 21 11 26
SL .0 0 0 0 0 0 0 0 0 0 0 0 0 0: 0 0 0 0
"IC 0 0 0 0 0 0 0 0 a * 3 4 0 0: 4 6 3 4

a1 0 0 0 0 0 0 0. 0 0 0 0 0 0 0: 0 0 0 0

Total 1 T 1 5 0 a I a 4 7 5 6 0 0a 12 27 14 30

10 SIIHUTES AFTER TrES P&Rro0
RaRe <(Meters)

0-1 t-2 2-3 3-4 4-5 S-6 6-? total" CHM-SOUJARK uALUESr---ce - ---- --- FOR 2 rTsr PERtODsr-po Rau MW Fam MV a. M RaiR MP Rail W Pau.F Rau 2.. MF R 2.. R IT Rim IPF

LS 1 7 1 5 0 0 3 a 0 12 1 a 0 0 2 14 31 LS 1.636 1.923

St. 0 0 0 0 0 0 0 0 0 0 0 0 0 0a 0 0 SL -- -

PC o 0 0 0 a 0 0 0 1 2 0 0 0 a I 1 2 MC a.O00 2.000
3u 0 0 0 0 0 0a 0 a 0 0 0 0 0 0a 0 0 Um -- --

rota& 1 7 1 5 0 0 3 1& 9 14 1 1 0 0 1 is 33 rOT aO.)3) 0.600

CHI-SQUARE 0- 1-2
FR-"r " R au.. .

LS 1 7. - 1 9
SL 0 0 0 0
94C 0 a0 0 0
"mi 0 a 0 0
TOTAL. 1 7 1 5

CHI -SQUARE 0-1 1-2
UALUFSS

Rau MV Raiu MF
Is 0.000 0.000 0.000 0.000
SL . .. .. .--

rOTAL 0.0;00 0.000 0.000 0.000

2-3 3-4 4-S 5-4 6-?

Ram WV Okai" mV fa.. WV Ram' WV Ra.. WV
0 0 2 4 6 9 2 2 0 0
0 0 0 +0 0 0 0 0 0 a
0 0 0 1 2 2 a 0 0
o 0 0 0 0 0 0 0 0 0
0 0 2 - 4 T 11 3 4 0 0

2-3 3-4 4-9 5-6 &-r

RMa WV Ram W Ram@ MI Ram MF Rasa mV
.. . 1.000 2.000 2.273 2.462 0.333 0.333 - --

. ...- - O.O00 0.000 3.0;0 4.000 .. ..

- - 1.000 2.000 1.S23 2.333 2.66? 3.571 -

CHI-SUIMfE - 3.641
(d.f-. -
(alphe - .0)



Ta, IE40. Indian Point hammer test monitorin ausing 6 do
toortlcal tranuduswo Aecated at unit 29 IntaeW

Tidal Phases 20 mi" before
]ci. tide

Duration o4" TTest 7 "in,¢ hvw 2,3*5
Treatment TV": r "in continuouslyI

T.wt note: 3/03/'0
rest rime. ' 1643

Snuras ohmI TEST" PERtiO
rIamE cl.tor•.)

0-1 1-2 2-3 3-4 4-S 5-6 6-7Trace- -

Typo RomW Ram SW Rau UT Ram SW Rom. W Ram WV *am uT

LS 1 7 1 s 3 a 1 2 0 0 2 2 0 0-

SL 0 0 a 0 0 a 0 0 0 0 0 0 0 0

Nc 0 0 a 0 0 0 0 0 0 0 0 0 0 0

MU 0 0 0 0 0 0 0 0 0 0 0 0 0 0:

Tot°a• 1 7 1 a 3 a 1 2 0 0 a a a 0t

r InUWIS AFTER ES1T PRIIzO
RAR4OS (nletlr's

0-1 1-* 2-3 3-4 4- S- 5 i"
T r a e R a n S-te n -- tType Ras O~• F Ra UF aMe W Rom UF Raw iM Rau W41 Ram W

CHI-SQUARE F-I4RT
Tota& FOR 2 TEST PEetious

Ran UT Ral MT
* 24 6 27
0 0; 1 T

0 a I I
o 0 1 1

0 0 0 0

2 24 9 20

Total CHI -SQUARE MALUES
OR 2 TrEST PERIOOS

Rau uT Ran UF

a 29 LS 0.000 0.4r2

91 1 S. 1.000 1.000

1 1 NC 1.000 1.000

0 0 wu - -_

in 31 TOTi. o0.22 0.091

LS

St.

NC

sum

Total

t 14

0 0

0 0

o 0
2 14

a 0 0 0

0 0 0 0

0 0 0 0

1 5 "1 3

3 a 0 0

0 0 0 0

0 0 0 0

o 0 0 0
3 4 0 0

I I

1 1

I I

0 0

3 3

0 0:

0 0:

0 0:
0 0:=

0 0?:

CHI -SQUARE 0-1 1-2 2--F-HAT- -

Mass ST Rom SIT Ran UW
L5 2 11 1 5 2 6
54 0 0 a 0 0 0
NC 0 0 0 a 0 0
m 0 0 0 0 0 0

TOTr . 2 11 1 a - 2 a

CeI--SOUARE 0-1 1-2 2-3
VIALUES -

LS 0.332 2.233 0.000 0.000 1.000 2.2•3
SL . .- -. . . .

ToAl. 0.=3 2.333 0.000 0.000 1.000 2-273

3-4 4-5

MaR Sw Reau UT
2 4 0 0
0 a 0 0
0 0 0 0
0 0 0 0
a 4 0 0

Rau Sw Ram 1w

1.000 2oO-o -0-

1-000 2.000 - -

5-4. 6-7

Ikan sw Ram SF
2 2 0 0
1 1 0 0
£ 1 0 0
0 0 0 0
3 3 0o 0

5-6 s-r

Ran LF Mo.. SW
0.333 0.333 * 3. .
1.000 1.000 .. .
1.000 1.000 --

0.200 6.200-

CHI--SQUARE - 3.841
Cdph. - O)



rable E49. lndian Point hitamer- testtt"Mitoving uwing 6 degueo
vetical aducr Rocad at unit -o* intake

Tidal Phases At to" tide fliwetie., or Text, t0 :11-..h-es 1.3 5 root Date: 3eO3'608
Treatm.ent typal 10 ns cont nuous1y Test TL",se 1700

10 IMurES DURIMO rEST 1•1KIOo
333f <"twes),

0-2 1-2 2-3 3-4 4-5 S-9 6-?
Trace -- -----
Tlp Ram UV Rau UT Raw WF Rau WV Rau MV Raw MV Rau M V

LS 4 27 £ 23 2 5 * 4 3 £ .G6 0 0.

St. 0 0 0 0 0 0 0 0 0 0 0 0 0 0a

"C a 0 0 a 0 a 0 0 0 a 3 4 0 0:

mId 0 0 0 0 0 0 0 0 0 a 0 0 0 0*

Total 4 27 1 23 a 9 a 4 5 9 9 *1 0 0S

to "XiUTES wrE3 TEST PEaIuo

RANS mees

0-1 S-2 2-3 3-4 4-5 S-6 6-7

Typo Ras& M Rau UP Rau &W Rau Ml Raw MV *am MV Rom UP

CM! -SOURRE F-HAr
Total FOR 2 TEST PEIcOS

Rae MF Raua MF

22 _;1 2Z 7i

0 0 0 0

3 4 2 3

0 0 0 0
ats I'S To"r

Total CHII-SQUARE VALUES
FOR 2 TEST PErIOms

Ram liF Rau LW

30 so LS 1.231 0.536

0 0 SL .. ..

1 1 "C &.DOG 1.800

0 0 13m .. ..

31 &1 TOTAl. 0.643 0.231

LS

SL

TC

Total

2 14

0 0

0 0

0 0

2 14

7 32
o 0

0 0

0 0

V 321

I 3 S 10 9 14 6 7

0 0 0 0 0 0 0 0

* 0 0 0 a 0 0 0

0 0 0 a 0 0 0 0

S 5 10 9 14 6 7

0 0:

0 a .

1 1:-

o 0.

CHI -SQUARE 0- 1 1-2 2-3 N-4 4-5 5-6

Rose MV Rasa HF Rau MV Ram 1W Rama sV Raw M
LS 3 21 6 ' 2 4 4 r 6 to a 7
SL 0 0 0 0 0 0 0 0 0 0 0 0
01C 0 .0 0 0 0 0 0 0 0 0 2 2
Mf 0 0 0. 0 0 0 0 0 0 0 0 0
TOTAL. 3 21 6 as a 4 4 7 6 0o a S

CHI--SOUARE 0-1 1-2 2-3 3-4 4-5 5-6

R w MV RON MV efts MF Rao UF Rou MV Ra1 MF
L 5 0.667 4.122 0.333 1.473 0.333 0.500 1.286 2.571 'D.000 4.263 0.000 0.000
SL - - - - -- - --
NC .. .. . .. .. . .. . . . 3.000 4.000

TOTAL 0.6"7 4.122 0.3i3 1.43r2 o.333 o0.so0 1.2;; 2.Sri 3.000 4.X63 0.600 0. *;1-

6-7"

a 0
0 a
1 1
0 01+. 1

1.000 1.000

toao 1.00

eMS-SQAufRE - 3.04L
(d.(f. 1)
(alpha .0")



Table 950. Indian Point ha..... twat nonitorivig using G dogeoe
wor.ti cal tranoduce.- located at unit *3. I ntako 36.

Tidal Phame: 20 ftin afftk-
Lou tt ClI

Dlu-auon Of reft: 10 8tn, hFs 1,3&S es t flat*: 3103/69
tg".atpsnt rqyp* to wac on. 20 sec off rost Tiw*.: 1720

. ... ........... . ... a a ne n s n
10 f]imJures IouNGo FESr PEJ310

RMISEt Cnet.ws)

iraco

LS

SL

NC

uOm|Mi

0-1

Rat. 1MF

a 41

0 0

0 0

a 0

6 dl1

1-2

Rae. uV

5 23

a 0

0 0

a 0

* 5s

CHi-so-JARE F-HAT
2-3 3-4 4-5 S-S S-7 Total FOR 2 TEST PERZODS

Ranm UI RAU. MF Ram M• Ra u T Ros MVF I Ram WV Ram 6

L2 33 S 1i G 2 9 1t 0 0: 43127 36 101
I

o o 0 0 0 0 0 0 0 0: 0 0 2 S

0 0 0 0 1 2 1 1 0 0: 2 3 2 3

0 0 0 0 a 0 0 0 0 0 0 0 0 0

12 3 5 10 7 11 10 12 0 0 I 49 930 40 116

to NI NUTES AFTER TEST PERIOO
RAN Ce"*ters)

Trace

LS

SL.

1C

tm
rot&&L

O-1 S1-2

Ram &W Rau HF

4 *7 7 32

1 7 0 a

0 0 0 0

0 0 0 0
5 314 7 32a

Ran MV

* 14

O 0

0 0

0 01
S 14

3-44- -

Ra MiV Ram MV Ran ia
2 4 4 6 5 5

0 0 0 0 at 2

a 0 0 0 2 2

0 0 0 0 0 0

a 4 4 a 9 10

G-T Total CHI-SOULWI UALUES
FO-- 2 TE STr PEriOoS

Ram MV on Rae M Ram. MV

2 2 2 29D 11 LS 2.7a2 S-94-

0 0 1 3 9 SL 3.000 9.000

0 0 2 2 Nc 0.o000 0.200

0 0 : 0 0 ml - --

a 2 9 .34 102 tO-AL 1.532 3.379

CH! -SQUAOE 0-1 1-1
F-HAT

LS 5 34 S 20
SL 1 4 0 0
FeC 0 0 0 0
La 0 0 0 0
ForTAL 3a 6 32

C'I -SAUMAE 0-l 1-2

R4a. SV Raeu UF
LS 0.400 2.002 0.333 1.47)
SL 1.000 r.000 --..
tic -- O. 0 1

Torok. 0.091 0.653 0-353 1.473

2-) 3P-4 4 -5 5-6 •-7

Ram. MT R4.4 MV Samm o Roan MV Ran lI
1 2.4 4 7 9 6 7 9 1 1.
0 0 0 0 0 0 1 1 a 0
0 .0 0 0 I a 2 2 0 0
0 0 0 0 0 0 0 0 0 0
9 24 4 7 6 1 10 11 1 1

2-3 3-4 4-- +-9 4-?

Ram MV Ran MV Ran w Ram. MV Raw MF
2.002 7.661 t.286 25.71 0.400 0.600 -143 12.471 2.000 2.000

-- -. - -- 2.000 2.000 - --
.. . .. ..- t1.000 2.000 0.333 0.333 .. ..

2.0t2 7.681 1.206 2.51" 0.010 1.471 0.053 0.102 2.000 2.000

CHI-SOIPARE - 3.041
Cd.f. - 1)
<alpha - a.s)



rabioe si. Indian Point hauqwq- text sqonitori f9us&"t S degrww
vrtical transwdscwr Located at unit 3. Inteace 3M.

Tidal Phase: 40 min after
IOU tid. Duration of restT 10 n, Wo 1,345 Tost oat*: 303'BSTroatme.t Type#: 10 sec o 20 sac Orr Trest Ti.: 1 7i40

. f.................. fm ......
to niNmrs DuRnno VEsr mAceo

00w5 <eeters)l

Trace
rupw
I-$

SL

"C

Mul
Tot.aL

0-i

Rau MF

3 so

0 0

a 0

0 0

1--2

Rau. M

5 23

o 0

* 0

0 03

Rau MV

9 14

a 0

0 0

0 0

5 4

C-I -SQUARC F-HAT
3-4 4-5 9-6 6-? Total FOR 2 TEST P0*10OS

Rom MW Rae. Mr Raw MV Ram U : Rae1 W Ram Ur

* 12 i 0 S s 0 01 24 is 22 66

a 0 0 0 0 0 0 0: 0 0 0 0

0 0 0 0 1 1 0 0: 1 1 2 *

0 0 0 0 0 0 0 0: 0 0 0 0

* 0 0 7 0 a: * s 23 So

10 NxNUTES wiFR 1rts P5rm0u amou (mtww

ruace

LS

SL

PC

Mu

rotal

--- ! 1--Z

RaM MV Rom MV

4 27 2 9

0 0 0 0

o 0 0 0

0 0 0 0

4 2a 2 9

IRae. WV

1 3

0 0

0 0

0 0

1 3

3-4 4-5S

Raeu Rait

1 2 9J 14

0 0 0 0

a 0 a- a
0 0 0 0

1 2 9 14

5-6

Rauj MV

a 2

0 ,0

1 1

0 0

6-7 rOtabl CHI-SQMiR6 URLUES
FOR a TESr P50M1S

Rase &W Rmae MV R&ae MV

a 0 19 3? LS 0.861 2.4S

0 O: 0 0 SL - -

I 1 2 2 m 0.333 0.333

0 0 : 0 a Imm - -

I 1 : 21 59 TOTmAL 0.340 2.141

CIII -SQUARE 0-1 1-2 2-3 3-4 4-S S-6 0-?

RRem MV RRags w Ram. Sr Raem LW
LS 4 24 4 1& 3 9 4 7 S 7 4 4 0 0
SI. 0 0 0 0 0 0 0 0 0 0 0 0- 0 .0
NC 0 0 0 0 0 0 0 0 0 0 1 1 1 1

"m 0 0 0 0 0 a 0 a a 0 0 0 0 0
TOTAL 4 24 4 1s 3 9 4 7 5 r 5 1 1 1

CMI -50041410 0-i 1-2 2-3 3-4 4 -9 5-4 0-?
VMUE- -- - -

Raiu mV Rau M Rau. U Rae UV Rasa Ur Rae MV Rou ML
LS 0.143 1.043 &.29s 6. Las 2.6& 7. 18is 3.571 r. 143 .9.000 14.000 1.266 2.000 - --
SL -- - -- - - - - - - - -- - -- -

"C . .. . . .. . .. . . . 0.000 ,0.000 1.000 1.000

TOTAL 0.tI' 1.043 1.200 6.12 2."r? r.110 3.5r1 7.143 9.000 14.000 1.000 1.-00 1.000 1.000

CliU-SOUARE - 3.041
(f.- 13

Calphe. - .05).



roblo £52.. Iidf an Poi nt hammer~ **at ..o..ttorin using Crdg~
uortical tvansducor locatod at unit 3. Lntako 6

Tidal Pha~z: t hr after
lose tido

imrsatlon of root: 10 841". hw.w 1,365 Toot Dato- 33O3j'0e
Treatnont Typo! 10 @dn contlnuously Troot rTal•e w 10

-------- rtom- - -m m mm--m mm mm-m m------n--i------wi im m m m a m
10 hzIUTirS DURING TEST PERIOD

RANGE (yteo-A3)

0-1 1-2 2-3 3-4 4-5 5-4 -6-?

tsP. Rta u Ram IN Ro.m4 UP Ram HP RaM Ro m.., HF Ram MF

LS 2 14 a 9 2 S 3 a 2 3 3 4 G 0"

St. 0 0 0 0 0 0 a 0 0 0 0 0 0 0a

tc 0 0 0 a a 0 0 0 0 0 2 a 0 0;

SM 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Total 2 14 2 9 a 5 3 4 a 3 a 6 0 0a

io "INU"ES wrtER rasr Pitmo GO
RANGE ow.tirs3o

0-1 1-2 2-3 3-4 4-S S-6 s-r
TV-ace ---- ------ --- - -------
Typo Ram SW Ra S Ramt WF Rau. UF Ram MV Ra MF" Rto UPF

LS A 7 0 0 1 3 3 6 4 3 3 4

SL a 0 0 0 a 0 0 0 0 0 1 1 0 a:

"C 0 0 0 0 0 0 0 0 0 0 1 1 0 0_

Mu 0 0 0 0 0 0 0 0 0 0 0 0 0 0:

Total A r a 0 1 3 3 6 4 a a 6 1 1

CHI4-SQUARE P-HAr
Total FOR 2 TEST PERIODS

RaM SIP Rau MV

14 41 14 34

0 0 6 1

2 2 2 2
o 0 0 0

14. 43 is 36.

Total CH14-SGUARE VALUES
FOR a TEST PERIOS

Ram ST *tag MF

13 27 LS 0.03? 2.092

I I SL 1.000 1.000

1 C 0.333 0.333

0 0 15 - --

IS 29 TOrAL 0.032 x.r22

CHMI-S9UttRE 0-1 1-2 2-S 3-4 4--s 5-. s-? CHI-SQUARE - 3.-41F-HnT ---- ed.f. -13,
Raem Mr Rtom, MF Rae. 1W Ram w Ram UfP Ram UF Ram LW calpoa -- .O5

LS 2 At 1 5 2 4 3 6& 3 S 3 4 1 I
SL 0 a 0 0 ' 0 0 a 0 0 0 0 1 1 a
NC 0 0 0 0 0 0 0 0 0 0 2 2 0 0
MU 0 0 0 0 0 0 0 0 .0 0 0 0 0 0
tor.AL i ti 1 2 4 3 s " a 5 1 1. 1

clot -SQUARE 0-1 1-2 2-3 3-4 4-5 5-4. 6-r
UPLUES --- 

--

Ram uI Rtam u Ra. MIF Ram LW Raom UP Rags MP Rau WV
LS 0.333 2.333 2.000 9.000 0.333 0.SO0 0.000 0.000 0.11.7 1.000 0.000 0.000 1.000 1.000
SL .. .. . .. .. ... ... .. 1.000 1.000 .. ..
tic 0 - -- -- -- 0 -- 00 - 0 - - 0.333 0.3"3 - --

TOTAL 0.333 2.330S 2.000 S.000 0.333 0.500 0.000 0.000 0.1.1? 1.000 0.000 0.000 1.000 1.000

(



TableES3. Indian~ Poiat hemmer- test g"owjtorl.-1~ dge

Tidal Phenoe 2.9 hexa before
lou tide '

Turatloq of Test: 10 w1e w" -s 163 r..Ttt Date: 31040,6
Trostommt TWpo 20 3cc onp 20 suc off rest rime: 6330

10 nim oueam | T rEST fsaioo
RIO mter)

CHI-SQUARL F-HAT
0-1 1-.2 .2-3 3-4 4-S. 5-6 6-- +total FOR a TEST PERItM-S

typo RauMF Ru WRaw WF Rau MV R.. UW Ram MV Rom WV P4aw MV Raw MV

LS U 0 0 0 a s 0 0 -2 3 6 V I 1 11 16 4 9

54 0 0 0 0 0 0 0 0 0 0 0 0 a 0a 0 0 1 2

Nc 0 0 0 0 0 0 1 2 2 3 0 0 0 0 3 s 6 9

"M a 0 0 0 0 0 0 0 0 0 1 2 0 0

aota0 0 0 2 5 . 1 4 & T a 1 1 a is 2& 14 21

10 HIMUA"S AFTER TEST PURIO3 RNGE 4,-s"

Trc-1 e1-2 2-3 3-4 4-5 5-6 $-r Total CHI -SQUARE VALUES
Tr:e --------- FOR 2 TEST- PrRXms-;
Tvpe Rau' U Raw MF Raw V Ratmu IF Ram M Rau MV Rau M : IRaw MF Ra MUP

LS 0 0 a 0 0 0 1 2 0 0 a 0 0 01 1 2 LS 0.333 10M.

SL 0 a 0 a 0 a 1 2 1 2 .0 0 0 0: 2 4 SL 2.000 41.0Cm

NC 0 a 0 0 0 0 0 a 3 5 5 G6 1 .3 9 12 KC 3.0OO 2.00.

UU 0 0 0 a a- 0' 0 0 0 0. 1 1 0 a 1 2•1 a.000 0.00Cs

Tota 0 0 0 0 0 0 2 41 4 r 6 7 1 1a 1 s1 TOAL 0. 143 0 .22c

C:"-SQUARE 0-1 1-2 2-3 3-4 4-5 5-6 6-?F-.i•T.. . .
Raw UP Raw &W Raw MV Ram IF Rom P Ralm up Rabe U

LS 0 0 0 a 1 3 1 1 1 2 3 4 1 1
SL 0 0 0 0 0 1 1 A a 0 a 0 a
"C 0 0 0 a 0 0 1 1 3 4 s 3 1 1

MM0 0 0 -0 0 0 0 0 0 0 a 1 0 a
TOTAL 0 0 0 0 1 3 a 3 4 V r 0 1 I

CHI--SQURE. 0-1 1-- 2-3 3-4 4-6 5-6• -V
MA~LU•ES . .. . .- -

Rau up Raw UP Raw UP Ram M Ram UP Rau &W RA84 MV
LS .. .. .. .. 2.000 5.000 1.000 2.000 2.000 3.000 *.0a0 V.000 1.000 1.000
SL ..- 1.000 3.000 1.000 I.000 . -. .. .
NC c--- -- . -... . . 1.000 2.00o 0.200 0.500 .S000 6.00 1.000 1.000
WI . .. .. . .. ... .. . 0.000 0.000 .. ..
rornL . . . . 2.0O S00 O.000 0.333 O.66 0.000 O.O7r 0.Or 0.06? 0.000 0.000

CH1-S0UARE - 3.042.
Cd.f.-. 1-
<alpha - .05),



table, £54. India" Point ha~ome toot ,.oeitorint usinvg 6 degree
uartical, t~assduc*Aw located at .ini 30 * take 6

tida~l Phaael 2 lw-s bwrcro
IOU tide

Dwuatto.. or rest: 10 nin, hmqs 163 Twat Oatet 3f0.4ofik
treatem*t TOAp0.: 10 1i conltinuo~usly root Tin.: 03SO

10 NIrAUTES OWUNO TEST PERIOD

Trace
Tu•p• Rau 1W

LS 0 0

SL 0 0

NC 0 0

lii 0

Rem~Ss (wefts)

1-2 2-3 3-4 4-5 S--

Rag MV Rau UT Ra 1F RaIu HF Ram W8

0 0 3 a 1 2 2 3 0 0

0 0 0 0 O a 0 0 0

0 0 0 0 0 0 a 3 12 15

0 0 0 0 0 0 1 2 a 0

CH4-SOUw"R F-HA"
rotai FOR 2 TEST PERJOOS

R*a WF 2 Ram 11 Ram e.

0 0 a 13 4 0

0 0: 0 0 1 1

2 2 t 1 20 16 1i

0 02 1 2 1 1

ot&&l 0 0 0 0 3 0 1 a 9 0 1t 5s i a I

to Irn"UtS WrEn TEST PERIOD

0-1 S-2 2-3 3-4 4-5 5-6 s-T

Tespo Rawm SW ROM Ur Ra W Rau WP RaOM U RAM IF Raw IF I

LS 0 0 0 0 0 0 0 0 2 3 0 0 0 01

SL 0 0 0 0 0 0 0 1 a 0 a a a
me 0 0 0 0 0 0 0 0 0 0 14 17 1 12

1a9 0 0 0 0 0 0 0 0. 0 0 a 0 02

Total 0 0 0 0 0 a 0 0 3 5 14 IT I I I

COS -SQIaura. 0-i 1-2 2-3 3-4 4-5- 5-4 G-7F- r - -1- --
its" gI Ras@ IF Rae" SI Rau. MV Raw 1RF8 R I F" Ram 1F

LS a 0 0 0 a .4 1 . 1 2 3 0 0 0 0
S1. 0 0 0 0 0 0 0 0 1 I 0 0 0 0
"C 0 0 0 0 0 0 0 0 1 2 13 1i 2 2
mu1 0 0 0 0 0 0 0 0 1 1 0 0 0 0
Term. 0 0 0 0 a 4 1 1 4 7 13 16 2 a

CMI-SOtiME 0-1 1-2 2-3 3-4 4-6 S-S S-V
OKW- --- ---- ------ -

Rau- UP Raw UF Ram HF Raw SW Ram IF Raw HF Raw wF
LS 3.000 .. 000 1.000 2.000 0.000 0.000 . .. .. ..
SL - . ..- -- - - 1.000 2.000 . .. .. ..
NC . .. . .. . . . . 2.000 3.000 0.154 0.125 0.333 0.333

. . . . . . .. . 1.000 2.000. - - - - -
TOTAL. . . . . 3.000 8.000 1.000 2.000 0.5001 0.6 0, O.5 a. us 0.333 0.333

23 35 21 2

Total CHI -SQU"RE VALUES
FOR 2 TEST PERIODS

Roem NP Raw0 SIT

2 ;- LS 2.000 a.2rO

1 2 SI 1.000 2.000

1i i1 Nw 0.032 0.105

0 0 11U 1.000 2.000

1i 23 TOTAL 0.610 2.4I3

•01--S"UARE - 3.041
• Cd.(. - I>
(alpha -0 .0s)



Table ass. Indiant Peoit haeewm- toot "onlitoel ng usingq 6 do "
uaetIca]L transducer located at uini t 3, int e

Tidal Phiase 2 hr- bwfovo Dluraaion or rest. 10 ol 1 her. 1&3 rest Date: 3.04i06
lolu tide Treatement Tyeu: 20 Sac on, 20 s*c off Toot TiN.: 0410

10 NINTE DUIN TEST PRIEOS RANGE (etar .)

CHI-SQUARE F-HAT
0-1 1-2 2-3 3--4 4-S S-6 6-7 Total FOR 2 TEST PERIODSTr-ace ---.....-

Tijpt Rau IF. Rau 1F Rau UT Rau WF Rau 1F Ram. M Rau. S Ram UHF Rau SW
-I

LS 0 0 0 0 a 0 0 0 0 0 3 4 0 0 z 3 4 3 4

SL 0 0 0 0 0 0 0 0 0 0 2 2 a 0: 2 2 1 1

MC 0 0 0 0 0 0 1 2 3 5 1 1 1 1: a 9 9 7

SU -O 0 0 0 0 0 0 0 0 0 0 0 0 0: 0 0 0 0

Tot& 0 0 0 0 0 1 2 3 v a 1 1 11 Is 9 1&

10 NhUrIeS wmTER TEST PERIOo ,

0-1 1-2 2-3 3-4 4-5 5-6 G-T Total CHI -SaUAJR URLUES
Trace --- - - -TO_1 - - - -- ro TEST PERIODS
Twope• au W Rae4 $W Rau. M •R4604 W• au a&". SI Rau. HF Rau R l RaM SF"

LS 0 0 0 0 0 0 0 a I a 1 1 a 1 3 4 LS 0.000 0. 0C0

SL. 0 0 0 a 0 0 0 0 0 0 0 a 0: 0 a SL. 2.000 2.O6Co

mC 0 a 0 0 0 0 0 0 2 3 I. 1 a 0 3 3 4 NC 1.000 1. 9.m

o 0 0 0 0 0 0 a 0 0 0 0 0 0 0 0 0 um -

rTotal 0 0 0 0 0 0 3 .5 2 2 1 1 .. TOTAL0 .47I 2. 30

CHI -SaVAwNE 0-1 1-2 2-3 3-4 4-- S-6 6-? CNI-StU•RE - 3.04•1.
F-STT . . . C4d.f. U)

Rom 818 li64 w Ram. H Raom H Ra f T Ur it lI Rae UP (alpha .0S)
LS 0 a a 0 a 0 0 0 1 1 2 3 1 1
SL a 0 0 0 0 0 0 0 0 a I 1 0 0
mC -0 . 0 0 0 0 1 1 3 4 ! 1 1 1
u m 0 0 0 0 0 0 0 0 0 0 0 a 0 0
TOTAL 0 0 0 0 0 0 I 1 3 5 4 5 1 1

CHI -- sauQ 0-1 1-2 2-3 3-4 4-5 S-- 6-7
PALU-S -- ---- --

Rom lip Rae 6F Rae u4 Raeu Aw Rae.u I" ftam wF Raw UF
LS .. . . .. .. . .. . 1.000 2.000 I.00 1.0010 1.000 1.000
SL ,- . .. .. . . . . . -- - 2.000 2.000 -- -
NC . . . . . . 1.000 2.000 0.260 0.500 0.000 0.000 1.000 1.000
m .. .. . . . . . 1.0-0 - - - O , -. . -
Forml. - 1-a00 ia.m0 o.ooo o.ooo ..o~o 2.773 0.000 0.000



Tabkkl E56. Indiah Point hAnmo., test "onitor-intg uusl~gtr og6
U4,tIcal tranoduceq- located a* uimt 5I.ttakot.

d•al Pmaaes 1.5 twx bofoeg
Iof, tide

Duration of Test: SO "in. hIw* 3 onj Teat Doate: 304/60
Freatesnt trAp 10 Win contInuously Test Tiwe: 0430

10 7ISHUrES maRINs TEST PERIOD

0-1 1-2 2-3 3-4 4-9 5-6 6-7
Tram*.-
Tqlpn Rao W Raom MTF no". W Rau NV Raut i" Ram. W Raom UV 2

LS 0 0 0 a 0 2 4 3 s 3 4 2 2

SL 0 0 0 0 0 0 5 a 0 :

z"C a a 0 O 0 O 6 12 9 14 3 4 0 0 2

um o 0 0 a 0 o 0 0 0 0 0 0 0 0:

Teatl 0 a 0 0 0 0 2A La as 11 14 a aS

to NWUTrS ar1m rs• r PcIkxo

O-1 4-2 2-3 3-4 4-5 5-6 s-r

rip. Rae SI Ratw Row lI Rasa UM Rae MF Raom uV Ram. V

C I-.SOMUME F-HnT
rotal FOR 2 TEST PcRiCoS

tau 6W Ram MT

60 $ 3 S4

1* 30 is 24
o 0 1 1

34 53 21 43

rot&l CHI-SUNRRE U•NLUESFOR a Tr[SF vPuuic)S

RaN. SI Ram Mur

6 13 LS 1.000 0.143

0 0 SL 6.800 6.000

12 17 mC 1.200 3.S96

1 2 MR 1.000 2.000

is 32 TOTAL. 4.245 5.10

Ls

SL

"C
MUf
marsi

0 0 1 0 a a

0 a 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

0 b 1 5 0 0

a 4

0 0

1 2

0 0

3 6

0 0

a 0

5 t
1 :2

$ 10

3 4

0 0

4 5
0 0

0 o a

0 02

2 2:

0 0:

Cal -squawR 0-1 1-2 2-3 3-4. 4-S-6 6-?
F-HAT - -...

Rae" lI Roma UT Rau UV Rse. MV Ram. UW Rau. UT Rom. wI
LS 0 0 1 '3 0 0 2 4 2 3 3 4 1 1
SL 0 0 0 0 a 0 1 1 0 0 3 3 a 0
KC 0 0 0 a 0 0 4 7 7 11 4- 5 1 1
um 0 0 0 0 a 0 0 0 1 1 0 0 0 0
TeOrL. 0 0 A 3 0 0 6 12 1 is I I& 2 2

Cal -SOINIRE 0-1 A-2 2-3 -3-4 4-5 S-_ 6-?

Rau. M Raw. MT Ram. U Rae. &W Raom 1W RWe Sw Rae. UV
LS - - 1.000 5.000 0.000 0.000 3000 000 0.000 0.000 2.000 2.000
S.. - - -- 1.000 2.000 -- - 5.000 6.000 .. ..
PC "- - -- .. 3.671 7.143 1.143 1.636 0.143 0.111 2.000 2.000
1m- - - - - 1.000 *.000 - - - -
TerIL -- - 1.000 5.000 - -- 3.000 &.000 2.000 =.rem 0.009 1.0v1 0.000 a.000

CPU-SQUARE a 3.641
Cd. . - UP
calpbha - as)-



Table £57.. tndiom, Point haew.- text "onitorli n umIng 6 degree
wotIcal t.'ansduocer located at swd 5 3p Intak z%

idal Phase: I hr before.
. lou tide

Duratlon, or Test: 10 min heow 3 only Test oate: 3,'04i'0
TreotMont Tuiv: .contintus Test Time: 040

ninenfleflns fl0fflflSSflflinflblfl
tEl kIM1iF~c nIENWI Tscr PEDiWUl

0- Ii- 2--3 3-4 4-5 5-6 G-VTra4ce
VWv Rom MF RAM UM RaU UP Raw 1F Rew MV Rau MF Rau MU

LS 0 0 a O 0 0 0 0 a O 1 0 0 01
51. a a a O a 0 0 0 O O a a O a:

NC 0 0 a 0 0 0 2 4 3 5 4 a 2 :

am 0 0 0 a a 0 0 0 0 0 0 0 0 0 $

Total a 0 a a 0 0 a 4 3 5 3 6 2 21

10 NI NUTXS AFTER TEST PERZOO
RIIMOE (,.ters)

0-1 1-2 2-3 3-4 4-S 5-4i 6-?
Trace -----4
Tyepo Raw SW Rom M4 Rau MV Raw uM Raw MV Raw W Rau Mr a

CHi-SoURRE F--Ar
Total FOR 2 TEST PERItps

Raw MF Rau MF

0 0 0 a
11 16 6 B

O 0 0 0

12 sr a 13

Total CHI--SUARE URLUWS
Foo 2 TEST PEWIW$_

PA SIS Rau I17

LS

SL

HC

IM

Total

a 0 1 S

O 0 0 0

0 0 0 0

o a 0 0

o , - s

a 0

a 0

0 0

0 0

0 0

I a 0 0

0 0 0 0

0 0 0 0

A a 0 0

1 1 0 O :- 3 LS 1.O00 5.4 4

a 0 0 1 a 0 SL - -

o 0 0 O a a NC 11.000 i6.0C0

0 0 a 0: 0 0 Mu - -.

1 0 O 1 3 a total. S.400 3.241,

CHI -SQUARE 0-1 1-2 2-3 3_4 4-- 5-- 6-7 CHI-SQMURE - 3.911.
F-44AT (d.f. - "

Rae4 Sw RAw MF Ram 14 Raw SW Rno 6 Ras 447 Raw VF MValpfta - .05)
LS 0 0 1 3 0 0 1 1 0 0 1 1 0 0
SL .0 0 0 0 0 0 0 0 0 0 0 0 0 0
NC 0 a 0 a 0 0 1 a a 3 2 3 1 1
11"1 a 0 0 0 0 0 0 0 0 0 0 0 0 0
TOTAL 0 a 1 3 0 a 2 3 a 3 3 4 1 1

CHI -SQOURE 0-1 1-2 2-3 3-4 4-- 5S" 6-'
U ULIES -------- ----

Rom 14w Raw 14 Ram U Reu UF Raw UF Raw Mr Raw wF
LS - -- 1.000 S.000 - -- .. 000 2.000 - - 0.000 0.000 - -
SL-- - - I - 0!2- - 02 On-
NC .. .. . .. . . 2.OO0 4.000 3.000 5.OOO 4.000 6.000 2.000 2.000Mu T. . . - 5 - - - 0 O -- - - - L - .-
TOTAL - -- 1.000 5.000 - - 0.333 0.567 3.000 5.000 2.617 3.sri 2.000 2.000



Table ESO. Indi an Point hasq..., test mntvitori n using 6 dlegree
v~atical transducer located at =m S. &.1etake --w

Tidal Phase. 30 miLn be-fore
IlOU tide

Ouration of Test l lo 10 s e 3 only rest bat&: 3•O40
Treatment ryspe. 10 ='in on-tinuous y Test Ti•e: O510

10 IUMUrES 0UIO TEST PERIOD
Itmm8 fmt.-)

Team:.

LS

St-
"C
me

UM,

Total

0-1

Ram IMF

a r

0 0

O a

0 a

a 7

1-2
Ram wF

0 O

* 0

0 0

0 0

2-3 3-4

RAsM HF Raue UF

0 a 2 4

0 a a
0 0 0 0

a 0 0 0
0 0 2 ,4

CHI-SQUARE F-HAT
4-S 5- G-T Total FOR 2 TrST PERIODS

Ram HF Rau MHF *ae " * Ra MF Raum u

0 0 7 9 0 0: 10 20 V 13

1 a 0 0 0 08 1 2 1 1I
I a £ 1 O 0 - 3 2 B

0 0 1 1 0 o 1 1 1 1

* 4 9 it 0 09 14 26 10 1?

to JmurTEs AFTER TEST P1RIOo molg (se~ters•

Type

LS

NC

Ttal

O- 1 1-2

Ba2e WF Rame HF

a a 0 a

0 0 0 0

0 a 0 a

0 0 0 0

0 0 0 0

2-3

Rasm F

o 0

O 0

o O

0 0

3)-4 4-;•

Rau Ur Rutem HF

1 1 1 2

0 0 0 0

0 0 0 0

1 2 A 2

S-6 6-? Total CHI-SOUNRE VALUES
- - -- ----- FOR 2 TEST PERIODS

RAMe HF Ruse UT . Rawe MF Rusm MF

a 2 0 a : 4 S LS 2.571 7.;3

o 0 0 0 0 0 SL 1.000 2.000

1 1 0 0 1 1 NC 0.333 1.000

O 0 0 0 a 0 0 l5m 1.000 1.000

3• 0 0 : 3 7 TOrAL 4.263 1o0.1

CNI-SIU-PE 0-1 1-2 2-3 3-4 4-5 5-6 G-?F-IIT - -
Rmus HF Ease HF Ose" wF Rue HF Ram HF ItRe Hi Ruse HF

LS 1 4 0 0 0 0 2 3 1 1 S 6 0 a
SL 0 0 0 0 0 0 0 0 I 1 0 0 0 0
Kc 0 0 0 0 0 0 0 0 1 1 1 1 0 0
1MW 0 0 a 0 0 0 0 a 0 0 1 1 0 0
TOTAL 1 4 0 0 0 0 2 3 2 3 & V 0 0

CHI-SOUARM 0-1 1-2 2-3 3-4 4-5 W-5 G-?NIDLE --S-/l - - ---- -- ___--___-$_

Rae. HF au HF Raus UF Rame U Rm HF Rase UF Ram HF
LS 1.000 7.o00 .. . . . 0.333 0.66T 1.000 2.000 2.Tr8 4.455 -- -
SL "-- ... . . 1.000 2.000 -. . .. ..
wC .. .. .. .. . . .. . 1.000 2.000 0.000 0.000 .
H1-N1 . .+ - - - 1.000 1.000 - -
TOTAL 1.O00 7.o00 - - - - 0.333 0.665 O.3N3 0.66? 3.000 4.57i - -

CI[-SaIUARE - 3.641
<d.of. 1>
Calpha -G.05



Tableo IES. Indtan Point ha,4sec test "anitoring uwlr 6 d #0.
ae-~tical transduer located at uinit 3* k

ridal Pl~ha•ge: 20 win before
lou tide I

Duratlon:of Test: 10 win, hnr 3 on0ly r:t Oa?:t 3w04jse
Trostni4t wpi•p 10 win €ontinuousy Tet TiHlte 0930

- - - - ---- - -

10 KINUTES DURZIN TiSF PFimO0 ames. (neters)

0-1 1-2 2-3 3-4 4-S 9-$ 6-7

Tjpe . , Rau MVItea U, Rau, MF" Rau SIW *w UP Ra uP Raw SIP

uS 0 0a 0 0 0 1 2 0 0 2 2 0 0,

SL 0 0 a 0 0 0 0 .0 a 0 0 9 1 0 0

NC 0 0 0 0 a 0 a a 1 2 0 0 1 L:

ill- 0 0 0 0 0 0 0 0 0 0 0 0 0 0:

Total 0 0 0 a a 0 1 a I a 3 3 1 1

10 niurE• s fIlER TEST PERROO ,"

0-1 1-2 2-3 3-4 4--S 5- G--r

Type as" W Raw UPF R004 SP Rawu Sw Rau W Raw .P Rau ISW a
LS I r 0 a 0 0 0 0 2 3 1 £ 0 a-

Si. 0 a 0 0 0 0. 0 0 0 0 0 0 0

"C 0 0 0 0 0 0 a 0 2 3 2 2 1 ,-

0 0 0 0 0 0 0 0 0 0 0 0 0 0*

Total 7 0 0 0 a 0 0 3 3 1 1Z

CM[ -SQNUAE 0-1 1-2 2-3 3-4 4-5 -& 6-?•F--MFr
Rawm SI Item 5SF Raw UP Raw MF Rae' UP Rau U RAw UF

LS .1 4 0 0 0 0 1 A 1 a 2 2 0 a
.1. 0 0 a 0 0 a. 0 0 0 0 1 1 0 0
mie 0 0 0 0 0 a 0 0 2 3 1 1 1 1
Ulu a 0 0 0 0 0 0 0 0 0 0 0 0 0
rOrm. 1 4 0 0 0 a 1 1 3 4 3 .3 1 1

UiZ -SQUARmm 0-1 1-2 • - 2-3 -4 .4-5 5-6 6-7t/MLUFS - -- -- - -- -

Rau UP Raw UF Rau F Raw UIV Raw UP Raw U" Raw4 SF
LS 1.o00 7.000 . . . . 1.000 2.000 2-000 S.000 0.33) 0.3333 --
SL.- - - - 2-0 - 1oo :oo-M-
ir~c --- -.. .. . .. . . . 0.33. 0.200 2.000 2.000 0.000 0.00

T -oTL 1.000 7.01.000 -2.00 .4 1.000 2.o00 0.o000 OO.00 noo8 0000

Total FOR 2 TEST PERICOS
Rau UP. Raw - MF

) ,4 ,4 6

2 3 4 S"

0 .0 0 0

6 is

rTot*l CI--SQUARE UALUES

-- FOR 2 TrSF PERi m_:
Rams UPF Rau 1F"

4 11 LS 0.143 3.2&r

0 0 SL 1.000 1.aX.i

a He NL 1.206• 1.01CM

0 0 m. .

9 1,7' TOrAL 0. 600 3.24ce

C:t-SQUARE - 3.003.
(d. f. - 1)
<alpha - .s)-



Table E&O- Kndiao Point ha~mmu test monitoring u:179 6 don3 :*
vertical t-a..aikmca located at unit 3. ntake

Tida1 Phases Mt Iee t Ide IDur-atio of Test: 10 min. hm- 3 only Test Oate: 3/04.V0S
Treatument Type.. 10 K u Continmuous w Text Tie..: OSSO

inflinflafl5ae0flS

10 mmlrcs DUmii.. rcsr PII w
N " <Note@03N

0-I 1-2 2-3 3-4 4-5 S-6 •6-?

Tqpw Rase S Ra5. WF Ram Ur Ram. 1F R"1. W1 Raelm lT Rau tF

LS 2 14 a I a 5 1 2 2 3 11 14 0 02

SIL 0 0 0 0 0 0 0 0 0 0 a 0 a 0:

NC 0 0 0 0 0 0 0 0 0 0 0 0 1. 1:

UK 0 0 0 0 0 0 0 0 0 0 0 0 0 0O

ratesl 14 2 9 a 5 1 a a • 1& 14 1 I

to nmwurTs mrrat rusr PERIOD

0-1 1-2 2-3 3-4 4-5 5-6 6-T
Trace -- R- -- -Rnome Ram U Ram W *a" W RAM MF" Ram4 Wl Ram Ur *m Ur

CI4K1-SOURRE F-HAT
Total FOR 2 TEST PERIOuS

Kau MV Rae WV
20 4?' 10 24

0 0 0 0

1 1 1 2

0 0 0 0

al 40 11 as

Total C$4j-SQt0RE UALLUES
FOR 2 TEST PERIODS

0 0 LS 20.000 47.000

a 0 SL - -

1 3 mc 0.000 1.000

0 0 LIM -- .--

1 3 TOTAL 10.102 39.706

LS

SL

I-II

Tetal

0 0

0 0

0 00 0

0 0

0 0

0 0

a 0

0 0

0 0

0 0

1 3

0 0
1 3

0 a

0 0

0 0

0 0

0 0 0 0

0 0 0 0
0 0 0 0

0 0 0 0

0 0 0 0

0 0 :

0 0:

0 0 :

0 0a

CI-SOURIRE 0--1 1-2 2-3 3-4 4-S S-6F-HAr -
Ram lTF RAI tRaSm a. Rau UF IRam UT Rae. SIP

LS . r 1 9 A 3 1 A A 2 6 r
SL 0 0 0 0 0 0 0 a 0 0 a 0
NC 0 0 0 0 1 2 0 0 0 0 a 0
us 0 0 0 0 a a 0 0 0 0 a 0
TOTAL I r 1 9 2 4 1 L 1 2 a 7

CIII -SQUME 0-1 1-2 2-3 3-4 *-S 5-4
UALUES -_ --- _ _ - - ----

Rano F Ram USW Rae UF Ram HF Rama Ur Ram S
L5 2.000 14.000 2.000 9.000 2.000 5.000 1.000 2.000 2.000 3.000 11.000 14.000
SI.- - - -- -- - -- - - -
NC . . . .. 1.000 3.000 . .. .. . . .
UI1 .0 14.0-0 - - - -O -- -- O -
TeTAL 2-000 94.000 2.000 0.000 0.333 0.500 1.008 2.000 2.000 3.000 11.000 14.000

6-?

Rau Sw
0 0
0 01 1
0 0
1 1

G-?

Rau 19

1.000 1.000

1.000 1.000

CHI-SJUARE - 3.04l
(d.f. - 1)
(alph4 - .- S>



APPENDIX F:

Hammer Tests Monitored By

Bottom 60x120 Horizontal Transducer



Tabio Fl. Indian Paint haemwr towt monitoring~ usIng betto,4
ot-isntate.1 6H12 d4-g7 @ how-izoittal tra*.wducer locatod
at-unit 3. te.tok* 6

Tidal Phaso: 2 hrx befo.-.
I*"a tid.

Dut-atiots or root; 5 min, hoors 1&3 Tobxk Doto:
Treatment Type: 10 soc ot, 20 swc off Toot Ti&tes: u320

- ft --- --- --- --- --- --- - - - --- = - -- -- --- - - --- I - I

s nInuTEs ouRIno TEST PERK im
RANGE <msstors>

0-5 S-10 to-is 1S-20 20-2-
Trace - ----
T%"3. Ram MF Ram. hF Rek& MF REs. MF Rats MF

LS 0 0 a 0 1. 1 2 2 2 2

St 0 0 1 2 3 4 2 2 0 0

NC 1 4 16 30 20 24 6 7 4 3

MM 0 0 0 0 4 5 9 9 2 2

Total 1 4 17 32 26 34 21 1i a 7

5 HINUTES AFTER VXST PERIOD

rotal

Raoes u

* 5 5

* 6 8
Z* 48 66

Z 75 SG

Total
-- Ra- Mr

* 11 14

* 3

* 2 •30

2 4 6

- 43 53

Tracts

LS

SL

tic

Total.

a"-S 5- to

Pau MF Ram MV

1 4 0 0

0 a 0 0

0 0 5 9

0 0 2 4
1 4 - 1-

10-- s

Rams MV
34

I 1

12 14

0 0

16 16

10-is

wsa. &W
2 3
2 3

16 1i
2 3

22 2r

15-2

Ras MF

.4

2

r

is

RAI4ME <wtwevs)

a0 20-25

Rau MF

-4 3

2 0 0

6 1 1

2 0 0

14 4 3

ClrI -SQUAREP
F--AT O-S

Raos MF
LS 1 2
SL 0 0
NC 1 2
MM 0 0
TOTAL 1 4

CHI -SQUARE
VJALUES O-S

Rats uV
LS 1.tw00 4.000

14C 1.000 .4=000

rorvgL c..)'00 ,1.05,O

5-jo
Es.. MV

0 0
1 1

11 20
1 2

12 23

S-10

Rat, MF

1.000 2.000
5.762 11.308
-. 0300 4.000

-. 146? 0-.022

15-20

Ra, 44F
3 3
2 2
8 r
6 5

le 1?

20-25

Pat. MF
3 2
0 0
3 2
1 1

6 S

20-25

Rae MF
0.200 0.000

1.800 1.-Oto
2.000 a.O0o
1-333 $."(10

CHI -SIIURRE F-HilT
FOR 2 TEST- PevicIDS

& 10

- 37 49
* 10 21

so 59

CMI -SOUARE UAL.UES
:1OR 2 TEST PERIODS

- Rau UV
:2.250 4.263
:1.000 2.2r3
7.794 14.;r3s

16.360 3.us?
8.67ft 12-10"t

10-15 15-20

Rau iF Rats MF
1.000 1.-OO 0.667 0.66?
1.000 I.S[0 0.000 0.000
2.000 2.632 0.067 0.0??
4.000 S.000 4.45S 3.600
N..Al3 4.245 1.9100 0-T58

CIlI-501568E - 3.041 (d.f. * 1. elpl.a .05)



Table Pt.. Xndtian PoInt haewqer test .eoniter1 ngrusing bottae.
ce-i .etatwd 6e.12 do~e hwortznt ansducer I ocated
at unIt 3, Intake

Tidal Phase- 2 hes beEfore
loe tide

Osation of rostt 5 "in, he•i r.13
irrate"ent rgpe: S "in cotstinuaouslu

lest Date: 31/3/1
rest Tim-. 0340

S ImNUTES DURi]8 TEST PERIOD RAG weteeu)>

0-5 5-10 10-15 19-20 20-25 Total
Trace - ---
Twpe Ram UP Ram MP Rasa MU Ram MF Ram UF Rae MF

LS 0 0 0 0 1 1 14 13 £ ; : 2a is

SL 0 0 0 0 S 7 1 1 0 0: 7 a

NC 2 7 1i 36 14 17 3 3 0 0 z 36 63

Mi 1 4q 4 S ,4 5 3 3 0 0: 12 20

Total 3 i1 23 44 2Z 30 21 20 6 5: To 110

s MINUTES AFTER TEST PERIOD

RAMNGE ActLers)

O-S 5-10 10-IS 1--20 20-25 Total

TWOpe Ram UP Ram MF Rau UP Raom UF Rae UP 9 Ram. up

LS 0 0 0 0 4 J '5 r 6 1 1 2 12 2

St. a 0 11 21 10 12 4 4 1 1: 26 D3

NC 3 11 7 13 r 6 3 3 0 0: 20 35

Mu 0 0 2 4 1 1 4 4 2 2: 9 11

Total 3 11 20 30 22 26 1i IT 4 4- 67 96

CHI --SQUfRE
F-4AT 0-H

Rae. SI
LS 0 0
SL 0 0
NC 3 9
Mu 1 a
TOTAL 3 11

CHI -SQUARE
UALIES 0-S

S-10

Ram MF
0 0

. 11
15 2S

3 6
22 41

_ 10-15

Ram UF
3. 3
0 10
11 13
3 3

24 20

IS-20

Rae. t.F11 10
3 33 3
,4 i420 19

CHI--SQUARE F-NAT
20-25 FOR 2 TEST PRItODS

Rae. UP Rae. UP
4 S 17 is
I I 8 17 23

0 0 : 29 49
1 I : 11 1i

S 5 1 73 103

LS
SL
NC

tOTAL

Rae MF

-0.200 0.009
1.000 4.000
0.000 0.000

9- 10 10--5 25-20

Rau MF Ram UP Rae. UF
-- 1.000 2.667 2.333 2.579

11.000 21.000 1.000 1.316 1.000 1.800
S.530 1O.Tss 2.333 3.240 0.000 0.000
0.667 1.333. 1.600 2.66? 0.143 0.143
0.209 0.4,3 0.191 0.266 0.231 0.243

20-2s

Ram MF
3.S71 2.66,
1.000 1.000
2.000 2.000
0.400 0.111

1. alpha - .05W

CHI -SQUARE UVLUES
:FOR 2 TEST PERIODS

Rau. UP
2 2.45S 1.581
:10.939 19.565
2 5.566 8.000

0 0.429 2.613
O .e34 0.9SI

CHI-SQUARE - 3.041 cd.f.



Table P3. Indian Point hatewoo t..gt oqonitori nl waing bottom
orio.qtated Gsq12 don"e horAmoa a..d.ce locatod
at unit 3, intake

Tidal Phas.. 1.5 hrm before
I*" tide

Du-ation of Test: 5 inn hwys 1&3
Trwatnent Typo: S "in continuosly

Tost Doat: 3/3kg
Yeos TANt: 0350

aflafw~.flaaaSfmfbinsinSSSflflflaafa-~flfl

5 NINUrEs DURING TEST PERIOD
RANGE ceetoers)

o-s s-10 10-15 15-20 20-29
r.-mc* -------F --
Tupo Rau MF Ra a Rau HF Rau WF Rau HF

LS 1 4 a is 7 a 2 2 1 1

SL 0 0 1 2 0 0 1 1 1 1

NC 2 r a 11 5 & 2 2 0 0

um 0 0 3 a 3 4 1 1 0 0

Total 3 Ii 1i 34 is 1i a 6 2 2

E NI NUTES AFTER TEST PERIOD
RANGE (wetors)

0-5 S-10 10-15 1S-20 20-2S
Trace
T•qpe Raw HF R4m 1F Ris ul Raw HF Rau HF

LZ 0 0 7 13 6 9 a 2 a a

SL 1 4. 1 2 a 0 0 0 1 1

NeC 1 4 r 13 6 7 1 1 0 a

0 0 3 6 3 4 2 2 0 a

Total 2 8 1s 34 14 iT 5 5 2 2

Total

I Rau HF
* 19 30

- 3 4

* 7 is

1 44 71

Total

z Rau HF

.15 22

- 3 7

is as
3 0 12

I- 41

CUR -SQUARE
F--Hnr 0--

Raw HF
LS 1 2
SL 1 2
NC 2 6
"W 0 0
TOTafL 3 10

c"I -SOURRE
UAL.UES 0--S

Ras MV -
LS 1.000 4.000
SL. 1.000 4.000
mC 0.333 0.810
m1 -- --
rOTFAL 0.200 0.474

S-10

0 14
1 2
7 123 6

10 3,4

10-is

Ram. H

0 0
6 r
3 4

15 le

15-20

Ram HF
2 2
1 1
2 2
2 2
6 a

CHI -SQUARE F-HAT
20-25 FOR 2 TEST PERIODS

Roa MF : Rau MP
1 1 1 17 26
1 12 3 6
0 0 i 1s 26
0 0 2 a 12
2 2 : 43 so

5-10 , 10--1 15-20

Ram MV Raw HF Raw MF
0.06? 0.143 0.ý33 0.206 0.000 0.000
0.000 0.000 - - 1.000 1.000
0.07r 0.167 0.091 0.07? 00.33 0.333
0.000 0.000 0.000 0.000 0.333 0.3)3
0.000 0.000 0.034 0.O20 0.091 0.091

20-2S

0.000 0.000
0.000 0.000

0.000 0.000

CHI -SQUARE UALUES
:rOR 2 TEST PERIODS

Rau. MV
0.471 1.231
0.000 0.818
0.000 0.020

2 0.067 0.043
0.106 0.182

CH*--SQUMRE - 3.641 <d.f. - 1, alpha - .05>



Table F4. Indian Point hangewo test monitoring using bottome
ori entated G"12 deqrwo 1w~tzontel transducer located
at unit 3s, intak 6

Tidal Phase: 1.2 brs before
iou tide

DIuatton o4" rest•: S min, hvers L&3 Test Date:
treatment rType'. 10 sec on, 20 see off Test TIN#:

3/3
040

S MINUTES DURING TEST PERIOD
RANGE cvelters)

0-- 6-10 10-is 15-20 20-2-
Trac. ----

rTpe Raom F R, i*a" Ram4 1 F W a MF Rau MF

LS 0 0 3 a 5 6 2 2 1 1 $

SL. 0 0 0 0 6 6 0 0 0 0 -

me 3 11 0 15 6 1 1 1 0 0 a

wo 0 0 2 4 0 0 0 0 0 0:

Total 3 11 13 25 is 1s 3 3 1 1 2

S MINUTES AFTER TEST PERIODR RANGeE (.aeters)

O-S S-10 10-- 15-20 20-25

Type Ra.. MF Rau MU PaO ka Raw. MF Rtag MF I

LS 0 0 1 2 5 6 I 1 0 0

S 0 0 1 2 0 0 0 0 0 0

NC 3 11 6 it 3 ,4 0 0 1 1

04 0 0 2 4 1 4 0 1 0 0 2

Total 3 11 to 1s is 14 2 2 1 1 :

total

Rasa MV
11l 15

5 6

1o 34

2 4

36 63

Total

Ras WV

r 9

1 2

13 2?

6 9

2? 47

CHI -S00AREI
F-HAT --S

Rasa MY
LS 0 0
SI. 0 0
HC 3 11
um 0 0
TOTAI. 3 11

CHI-SQUARE
UlALUES 0-S

5--20

Ra•a MF
2 4I IL
7 13
-2 4
12 22

10-15L
Rae MV

S S
3 3
5 6
2 2

14 17

15-20

2 2
0 0
1 I1 1

3 3

15-20

Rag. MV
0.333 0.333

1.000 1.000
1.000 1.000
0.200 0.200

20-2S
Rai. MV

1 1

0 0
1 1

CHI -SOUARE F-4Ar
FOR 2 TEST PERIODS

* 9 12
i 3 4

-* 1 311 4 7
2 32 53

LS
SL
NC
tMM
TOTAL

Rasa MF

0.000 0.000

0.000 0.000

Rau. M, Rau MF
1.000 2.000 0.000 0.000
1.000 2.000 S.000 6.000
0.2"6 0.S16 1.000 0.310
O.000 0.000 3.000 4.000
0.31 0.910 0.Sas 0.7$e

20-25 CMX -SQUARE MOLUES
9FOR 2 TEST PERIODS

Rau MV Rom. MV
1.000 1.000 2 0.089 1.S00

ERR ERR : 2.66? 2.000
1.000 1.000 1 0.006 0.003

ERR ERR : 2.000 1.923
0.000 0.000 1 1.286 1.3SS

CHZ-SQUARE - 3.041 (d.f. - 1. alphao - .05)



Table FS.. Indian~ Point hamm~er test mgonitorin using bottom.
orien~tated 6*412 Me*e horizontal transducae located
at un~it 3. Intake 6

Tidal Phase: I he" beforea
lOU tide

Duration of Test: S umif. hmrs M&3 rest Dat.:
rreatment Trupe: 10 se on, 20 sec off Test Tin*:

33/99
0410

5 WiNUTES DURIN-G EST PERIOD
RAN" (weteres)

O-S S-10 10-IS IS-20 20-2S

TrMbe Ram W Rau MF Rau UF Rau MV Ram MF I
LS 0 0 1 2 4 a 2 2 0 0 :

SL 0 0 0 0 I 1 0 0 0 0 2

,NC 2 7 1 2 4 5 0 -0 0 0
ISN 0 0 1 a I 1 0 0 0 0a

Total 2 7 3 6 10 to 2 2 0 0 3

5 IXNUTES AFTER TEST PERIOD
R406G (e•tevw)

0-3 5-10 10-15 15-20 20-25
Traace --

T~w, Ram WF Ram MV Rau MF Wm. MV Ram MV

LS 0 0 2 4 1 1 1 1 1 1

SL 0 0 0 0 0 0 0 0 0 0 2

IC • 4 3 6 2 2 0 0 0 0:

1U 1 4 1 2 0 0 0 0 0 0 2

Total 2 a 6 12 3 3 1 1 1 1 I

Total

Ram RAF

7

1 1

7 14

a 3k
17 -27

Total

Rau. MV
S V

0 0

S 12

2 6

13 25

F-4-AT O-S

Ran MV

5-10

Ran N1

10.-16
Ran MP*

LS 0 0 2 3 3 3
SL 0 0 0 0 1 1
NC 2 6 2 4 3 4
UIU 1 2 1 2 1 1
TOTAL 2 a 9 7 a

CHI -SmMAE
WILV.UES -6 5--10 10-IS

Ran MV Ran MF Ran MV
LS - - 0.333 0.667 1.600 2.667
SL - - -- -- 1.000 1.000
MC 0.333 0.O10 1.000 2.000 0.667 1.206
Mu 1.000 4.000 0.000 0.000 1.000 1.000
TOTAL 0.000 0.0617 1.000 2.000 3.769 S.400

15-20

2 2
0 0
0 0
0 0
2 2

15-20

Rau UMV
0.333 0.333

0.333 0.333

CHI-SQURRE F-Mwr
20-2S FOR 2 TEST PEIaOoS

Ram UP Ram MVI I *O O : 6 a
0 0a1
0 0 - 7 13
0 0a 2 5
I I i 1s 26

20-25

Ram MF
1.000 1.000

1.000 1.000

CHX--SQUHRE VALUES
:FOR 2 TEST PERIODS

Rasa MV
0.333 0.ZS0
1.000 1.000
0.07? 0.1S4
0.000 1.000

2 0. "3 0.077

0141-SaJARE - 3.041, (d.f. - 1, alpha - .OS)



Table F. Indan Poim nt hammer test monitoring using bottom
orietate 6m2 donow horizontal transumbcer located

Tidaz Phases A hr before
lou tide

Duration of rest: ; Nin# 9w-s 1%3
1reatment rW** 5 "In €ontiLruouslu

Toot Date.*
Test Time:

0342000420
flinaa - ininf win~~aflnflflflinflin - ea

S lzU1jrES mmI)IWS VESr PRIXOD

ry-ace
Tyipe

R -. 5-10

Ram UF

10-R15
Raw• 1W

15-20

Ras MF

RANOE <moet.r..)

20-26

Ra. W_

LS 1 4 1 2 .2 2 0 a 0 a 0

SL 1 4 0 0 0 0 0 0 0 01

"C 2 7 8 is 1 1 0 0 0 0

U" 0 0 a 4 0 0 0 0 0 0.

Total 4 1i 1i 21 3 3 0 0 0 0 *

5 HIITS AFTER TEST PERIO0 RANGE (mtow$)

--5 5- 10 10-- -1-20 20-s5
Trace
Type• a H RAMI Ra u Ra MF Rau- HF

LS 0 0 1 2 1 1 1 1 1 1 -

SL 0 0 0 0 0 0 0 0 0 0

NC 1 4 1 2 0 0 0 0 0 0 -

MU 0 0 1 2 0 0 0 0 0 0 Z

Total 1 4 3 6 1 1 1. 1 1 1

Total

Rt. MV

4 8

1 4

11 23

2 4

10 39

Total

Ram MV

• .4 S

0 0

2 1
1 2

• 13

CHI-SQNRE
F-N•0T

LS
SL
NC
MM
TOISL
CHI -SQUARE

0-1;

Ram HF
1 21 2
2 •
0 0

.3 10

-5-10

Ram MF
1 2
0 05; 9
2 3
r 14

ý 10--IS

Rau MF
2 2
0 0
1 -1
0 02 2

1 0-15I

Ram MF
0.333 0.333

&.000 1.000

1.000 1.000

15-20

Raw HF
I I
0 0
0 00 0
1 I

15-20

Rau Sly
1.000 1.000

1.000 1.000

CHI1 -SQUARE F-bmW
20-29 FOR a TESr PeRIODS

Rau MV 2 Rau MV
I 1~ 7
0 0 2 7 15

0 0: 2 -3
1 1 13 26

Um.UES 0-5 S-10

Raw MF Rau MF
LS 1.000 4.000 0.000 0.000
SL 1.000 4.000 - --
"C 0.333 0.616 5.444 9.941
MM .. .. 0.333 0..67
TOTAL 1.800 6.369 4.571* 0.333

20-2S

RA. MF
1.000 1.000

1.000 1.000

CHZ -SQUARE UALUES
:FOR 2 TEST PERIODS

I Raw HF
: 0.000 0.192
: 1.000 4.000

S6.21 9.966
0A.N3 0.667
24.040 13.000

C41-SQUARE - 3.041 <d.f. - 1. alpha - .05)



TrQ1e Fr. Indian Point hammer test monitoring using bottom
orientated 6*12 degroo horzoental transducer located
at unit 3, Intake 6.

ridal Phasez 0 min before
IOU tide

Duration of Test: SO min, herxs 1,3&5
Treatment Type: S min contiuouslyJ

rest Date: 3v3/se
Test riTm: 0430

E niUTrES DURING TEST PERIOD
RANGE (teerw)

0-5 5-10O 10-15S 15-20 20-25
rrace -!?--'- ----- 2
tope Rau lF Rau MF Raw MF Rau MF Ra F MF

LE 0 0 0 0 1 I 0 0 0 0

SL 0 0 0 0 0 0 a 0 0 0

Nm 11 2 4 0 0 1 £ 0 0

MI 1 4 a 4 0 0 0 a 1 1.

rTtai .4 is ,4 a I 1 1 1 1 1

s imZurcs AFTER rFsr PERIOC
RANGE weterss)

TO-S 5-10 10- -- 15-20 20-25T~race ---- --- - - - - -

TIoP Rao uFF as w R MVF Raw W Rat l

If 0 0 2 4 1 1 1 1 0 0

SL 0 0 0 0 0 0 0 0 0 10 0

NC 4 1s 4 0 1 1 0 0 0

Ml 0 0 0 0 0 0 0 0 0 0

Tctal 4 1i 6 12 2 2 1 1 0 a

Total

Rae. MV

6 O
0 0G

4
11 26

rotal

Rau 94F

4 6

a 0

a 24

0 0

13 30

CuI -SOW
F-HAT

LE
SLHe
us

CID -Sowl
UiLUE$

WRE
O-S

R -- VF
0 0
0 0
4 13
1 2
4 is

~RE
0-5

Raw MF

0.14S 0.615
1.000 4.000
0.000 0.000

Raob MF
1 2
a 03 6
1 2
5 10

5-10

2.000 4. OW

0.66? 1.333
2.000 4.000
0.400 0.000

I I
a 0
1 1
0 0
2 2

10-15

Rau UF
0.000 0.000

1.000 1.000

0.333 0.3S3

15-20

Raw MF
t I

0 0
1 1

0 01 1

Ratu UF
1.000 1.000

1.000 1.000
0.000 0.000

CmI--SOUARE F-HAT
20-25 FOR 2 TEST PER0oos

Raw MV Ram UF
0 0 : 3 4
0 0: 0 0
0 0 : 8 20
I 1: 2 5
1 I : 12 20

LS
SL
Ne

rITAL

20-25

Rau MF

1.000 1.ooo
1.000 1.000

CH0--SCUMRE UALUES
:FOR 2 rEsr PERIODS

1.000 3.571
: ERR ERR
z 0.600 1.600

4.000 '9.000
20.16? 0.286

CHZ -SQURRE - 3.89t4 (d.f. - 1, alpha - .05)

.a



Ta~ble FG. Indian Point hammerg test monitorin 1 usling bottom,
orientated GmI2 degee hor-izontal tr ducw located
at unit 3, tnt~ke .

Tidl• Phase-. 40 mign bfoe.
Iol tde,

Ourtation of rest: s midn hoirs 1,365 rest Date.
Treatment TIpe: 10 sec on, 20 soc off rTst Tine: 0440

S IIINUTES DURING TEST PERZOD
• •R IO , (eetos),

0-5 S-10O 10-15 15-20 20-25

Tlipe Rau UF Rom tI Ran UF Rom FU Raun F z-

LS 0 0 0 0 4 S 1 1 1 I 2

SL 0 0 0 0 0 0 0 O 0 0

mSC 2 7 3 6 1 1 0 0 0 a:

MW I d4 2 A4 0 0 0 1 1£

Total 3 11 6 10 5 6 1 1 2 2

StIMiUTrES AFTER TEST PERIOD

O-S S-10 10-15 15-20 a0-5s
Tr-ace -----
Tt%4 Rau MW Ran UP Ran U Ran W Ras W 2

Total

R*a UF

6 r
0 0

• 4 14

Total

-Rau UP

0 4
0 0

LS

SL

NC

UM
Tota]l

0

o

.3 .1

0

3 1

0•

0

I

0

1 2

o 0

1 42

o 0

a 4

0 a
0 0

0+ 0

0 a

0 0

0 0

1 + 1

0 0

0 0

0 0

I

0 0

I I

0 0

3 4 13

0 0

: 7~ 1?0 0

CHI -SARE I
F--Im 0-6

Rau UPLS a 0
SL 0 0NC 35 9
TOTL 1 2 &

CMI--SQUnRE
VU•U[S 0-S

5-10

Romd MVIm IF1 1
0 0
2 ,4
1 2
4 7

5-10

Rau IF
1.000 2.000

1.000 2.000
2.000 4.000
1.26 ' .S11

10-15

Rau UP
3 3
0 0

0 0
3 4

10-IS

Raw. UP
1.900- 2.667

1.000 1.000

2."7r 3.ri1

15-20

Rana UP
I I
0 0
0 0
0 a£ I

Rau UF
1-000 1.000

1.000 t.000

CHl--SQUARE F-HAT
20-25 FOR 2 TEST PERIO0s

-Raw UP RAn UF1 1 : S 4
0 0: 0 0
0 0 s 141 • " 2 S
2 2 z 12 24

20-25 CHU -SQU•AE UVLUES
WOR 2 TEST PERIODS

Rau UP -. Rom UP
0.000 0.000 t 1.000 0.810

- - ERR ERR
- - z 0.400 0.03T

1.000 1.000 z 4.000 9.000
0.333 0.333 : 3-522 3.596

LS
SL
MC
TOTAL

Rau MV

0.200 0.009
1.000 4.000
0.000 0.000

aUX-sQaREd - 3.041 9d.f. - 1. alpha - .G5)

S.



Table FS. Indian Point hawwe test monitoring using bottom
cr1tnt atod 6u 12 d~r-e. hornizoental transducer locatad
at uni t 3. 1 ntake . -

Tid&& Phas.:* 30 "in befor*
lou tide

Duration of roet: S "in. hwvs 1,3&S
Troatwentt Trnjp: 10 sec on. 20 s~c off

Test Date: 3/3/00e
Test r•.•,. 0.451

9 "INURES DURING Trsr PERIOD
RaVNeE Ceiet~rnw

O-S s-10 10-19 15-20 20-25
Trace --------
lype no" MF Rau MIF ftam FF Ran MV Raa MF

LS 1 4 1 2 1 1 a 0 0 0:

SL 0 0 0 0 0 0 0 0 0 0

MC 2 7 3 6 0 0 1 . 0 0.

"M 0 0 1 2 0 0 0 0 0 0.

Total 3 is1 t10 1 I 1 0 0

S IUrUES AFTER a EST PERIOD
RANGE Cemtr s)

0-5 5-0 10--1; 1S-20 20-25Trace ----- ------- . ..

Type R Rau MF Ram LW eaa. ;a" Ra MV Rau MV S

L~S 0 0 2 0 a 0 0 0 0

SL. 0 a 1 2 0 0 a 0 0 0

Mc 1 4 4 8 2 a 0 0 0 0:

UU 0 0 2 4 a 0 0 0 0 a:

Total 1 4 0 16 2 2 0 0 0 0

Total

RRa MF

3 7
0 0

6 14

1 2

t0 23

Total

Rau MF

-1 2

1 92

7 14

2 4
11 22

CHI -SQUARE
F-HnT O-S

LS 1 2
SL 0 0
MC 2 6
MH 0 a

OTRAL 2 0

CHI -SQUARE
VRLUES O-S

Ram MV
LS 1.000 4.000SL - --

nC 0.333 0.018

TOTAL 1.000 3.267

5-10

1 2
1 1
4 7
2 3

1' 13

5-10

Ram lIP
0.000 0.000
1.000 2.000
0.143 0.286
0.333 0.667
0.GS2 1.305

10-15
Ra. IUF

I i0 0
o o

2 2

1.000 1.000

2.000 2.000

0.333 0.333

0 0
0 0
1 1

0 0I I

15-20

Rab W.

1.000 1.000

1.000 1.000

20-25

am" MF
0 0
0 0
0 0
0 0
0 0

20-25

Ram. up

CMI -SQUARE F-HAT
FOR 2 TEST PERIODS

1 2 5
1 1

2 3
11 23

CHI-SQUARE VALUES
;FOR 2 TEST PERIODS

Raw4 UP
1 1.000 2.??0
t 1.000 2.o00
: 0.0?7 0.000
0.3o3 0.6o.o
0.040 0.022

CHI-SQUARE - 3.841 <d.f. - 1, aLpha - .OS>



Table F$O. Indian Point hammer test monitoring using bottom
orientated 6*12 degree horizontal tramsducer located
at unit 3. intak* .

Tidal Phase: 1.4 hr. before
2ou tide

Duration of Test:
Treatnent TwoP:

10 min, hoors 1,3&5 T :t 0ao *338
10gmContinu~ouslU To t &iSoo60

s n8iNUrES eFOwE TEST PERzOn
RNE(w~etev'e)

0-0 5F-10 10-15 15-20 20-2S

Type Rto m F f. HF RWa Ri Ram LIV Rae MF

LS 0 0 0 0 0 0 3 3 5 4:

SL. 1 4 3 6 2 2 0 0 1 1:

"C 1 4 1 2 1 1 1 A 0 0:

MU 0 0 0 0 1 L • 1 2 2:

Total 2 a 4 a 4 4 5 5 a 7 :

s liTUrES ou01le rEsr PERIOD RAN(eotors)

0-5 5-10 10-15 15-20 90-2S
Tvrace -----
Two. Ra", Ur Ra. iF Ram. 1r ft... R aua. MF .I

Ls 0 0 1 2 0 0 a a r 5

SL 0 0 r 13 6 7 6 5 0 a

HC 1 4 S is 4 5 S 5 2 2

MW 0 0 1 2 4 5 2 * 0 0

Total 1 4 IT 32 14 17 21 1s 9 7 3

5 nI]rES ArFm TEST PERIOD
IRANGE (neteru)

0-- 6-10 10-15 I5-20 20-2STrac:e --.t..--. . .- --
Tap.e Ro. MF' Ran lF Rau F Rau MV RAS Air

LS 0 a I 2 0 0 11 10 4 3 g

SL. 0 0 4 a 3 4 1 1 0 0 3

KC 0 0 S 2 4 5 2 a I 1 -

6M 0 a 1 2 S 6 0 0 1 1

Total 0 0 11 21 12 is 14 13 a. 5

Total

Rae MF

8 7

7 13

4 a

4 4

23 32

Total

is 14
19 *5

20 31

7 9

Total

Raw. UF

a 13

12 17

r s

43 54

CHI--S
F-HAT

LS
SL
NC
TOTAL

CHI-S5UVALUES

LS
SLNC
MU
TOTAL

Ram 14F
0 0
0 1
1 3
0 0
1 4

K#FkPJE
O-S

Ram. w

0.000 2. ",6

2.000 9.000

5- 10

Raim UF1 1
5 9

1 111 20

1 0-15;

ft.. Htr
0 0
4 43 4
3 4

10 1*

15-20

Ra. SIF
7 7
2 2

13" 31 1
13 12

CHIt -SCIARE F--AT
20-29 FOR 3 TEST PERIOoS

Ma" HF : Rae. MF
6 4 8 13 12
0 o : 11 IT
I 1 : 12 1i
I 1: 16 4
a 6 : 42 54

5-10 10-1S 15-20 20-2S CHI-SQtJARE VLUES
:FOR 3 TEST PERIODS

Rau. HF PAM MF Ram UF Rae M : Rau MF
0.000 4.000 -- - 5.r14 2.s5I 2.000 8.500 1 4.300 3.167
0.800 2.889 1.250 4.250 1.SO0 V.000 - - 9.091 5.64?
4.000 8.444 2.000 1.76O 2.000 2.000 2.000 2.000. :10."66 17.000
0.000 4.000 4.000 3.S00 2.000 2.000 2.000 2.000 1 1.000 3.429
6.727 15.450 5.600 0-167 10.923 9.250 -0.37S 1.500 :20.143 23.S3?

CX-SOUAWRE - S=.99 (d.f. - 2, alpha - .05)



Table Flt. India" Point hammoer tkost monitoring using bottom
orientated 6"12 de row hort 2ontal transducer l ocated
at unit 3, Intake K.

ridal Phase: I hr before
lo"& tide

Duration of Test:
Treatwent Type:

10 win, h-ws 1,3&5
10 "in contI nuoaslqy

Test Date:
rest Tire:..-

323/08
11620

S IlIMUTES OURING TEST PERIOD
RMNOC Ometors)

0--6 5-10 1O-15 15-20 20--25
Trace - -

Type Raw LW Ra.. MF R*a MF Ram UF Ram SFI

LS 0 0 4 S 6 7 10 9 4 3

SL 0 0 1 2 0 0 0 0 0 0a

0C C 4 - 4 5 1 1 0 0

Mo 0 0 1 2 1 a 0 0 0 0

Total 2 7 10 20 is 1.3 is 10 4. 5

s "mNUTmS AFTER TEST PERIOD RVIdOE: (.,eter*)

O-S 5-10 10-1S 15-20 20-2S
Trace - ----- ---- ---- - - ---
T

typo Rau MF Raw "V Raw MV Ram MV Rom MF

LS 0 0 i t1 4 5 2 2 4 3

SL 0 0 0 0 0 0 0 0 0 0:

NC 2 7 5 9 1 1 0 0 0 0

u S 22 2 4, 2 2 0 0 0 0:

Total a 29 13 24 T 6 2 2 4 3

Total
Raw• MF

24 27

1 2

it 21

2 3

30 53

Total

16 21

0 0

a 1?

1O 28

34 66

CHI -SQUARE
F-HAT 0-S

Ram lIP
LS 0 0
SL 0 0
NC 2 r
M • 3 11
TOTAL 9 is

CHI--SOURRE
VALUES

LS
SL
MC 0.1
Wu G.1
TOTAL 3..

-710

'Ra MF5 10
S

2 3
12 22

5-10

Ram MF
0.400 0.474
1.000 2.000
0.11 0.059
0.333 O0s66
0.391 0.3"4

10-15

Raw MF
S 6
0 0
3 3
2 2
9 11

10-i5

Ram MF
0.400 0.333

1.800 2.66?
0.331 0.333
0.689 1.190

15-20

Raw MV
6 6

0 0

r 6

15-20
RaO MF

S.333 4.4ss

1.000 1.000

6.231 S.533

20-95

RAW MF
4 3
0 0
0 0
o 0
4 3

20-2S

Rat. MF
N.o00 0.000

0.000 0.000

CHI-S-URRE F-HKt
FOR 2 TEST PERIODS

R444 MF

20 ý24
I I

10 Is
& 16

CH--SQUARE VALUES
:FOR 2 rTsr PERIODS

Ram.. MF
1.600 0.TSO
1.000 2.000

Z 0.474 0.421
5.333 20.161
0.222 1.420-

0-s

Ram. MV

000 0.000
000 22.000
600 13.444

CHI-SQUARE - 2.54l Cd.f. - 1. alpha - .05>



Tblo F12. Indian Point hampew test monitoring using botten
orientated 6w$2 deree horizontal transducer located
at unit 3, intake C..

Tidal Phase: 20 mi n before
Loss tide

Duration of rest: 7 win. low 1,3&5
Tr'eatmlnt Type: 7 :in c•ntionuouslu

1To~ Date:•Test TIMeux

a nNurEs DMARINO TEST PERIOD
RRHG Cmetoeru)

0-5 5-10 10-15 15-20 20-25Trace ;....w.-W-

tpe Rau Rau i•.. Ra. HF R MF Raua MV

LE 0 0 2 4 3 4 3 3 0 0

SL 0 0 0 0 0 0 0 0 0 0:

NC 4 is 2 4 0 0 0 0 0 0

MI. 0 0 1 2 0 0 0 0 a 0

T~A& 4 1i S 10 3 4 3 3 0 0 3

E nUIM11T5 OFTER rEST PERIOD
RAtNGE (..etwrs)

T--c 5-t-Io 10-15 15-20 - 20-2STra~e -- - -------

TrIe Rau M RRoam liP raw MF Raba UP Ib

LU 1 4 1 2 2 2 1 1 0 0 2

SL 0 0 0 0 0 0 0 0 0 0

Nc 0 0 1 2 0 a 0 0 0 02

Ml 0 0 0 0 0 0 0 0 0 0

Tctal 1 4 2. 4 2 2 1 1 0 0 :

Total

a it

0 0

6 is
1 2

15 32

Total

Rau UP

5 9

0 0

1 2

0 0

a Ii

CK-SoUo

LE
SL
HC

CII -ScU1
VLUES

O-S

Raw MF
1 2
0 0
2 a
0 0
3 10

0-5

Rau MV
1.000 4.000

.4.000 15.000

1.600 6.36"

5--10

RMw UP
2 3
0 0
2 3
I 14

5-10

Ram UF
0.333 0.66?

0.ý33 0.66?
1.000 2.000
1.285 2.SI

10-15
Rtaw MV

3 3
0 0
0 0
0 03 3

10-15

Rau UP
0.200 O.51.?

0.200 0.61.?

15-20

Rau NP
2 2
0 0
0 0
0 0
2 2

1S-20

Rau. UI
1.000 1.000

1.000 1.000

20-2S

Rau UlF
0 0
0 0
0 0
0 0
0 0

20-2S

Raw ,F

CHI-SQOUIRE F-lAr
FOR 2 TEST PERIODS

R oam UP
7 10

2 4 11
U ii 22

CHI-SQUARE UFLLUES
:FOR 2 TEST PERIODS
I Rau MF
: 0.692 0.200

:3.571 13.76*
1.000 2.000

- 3.08ST 10.26

LIE
SL
NC
UW.
TrFAL

CIa]-S-URE - 3."-I Cd.f. - l. alpha - .OS)



TAblo F13. Indian~ Point ha.... test monItorl Ig usinq bottom.
orie.ntated SN 12 dot". torlzowtml trewsducov located
at unit 3. Intake-

rdal Phase: At hiqh td1d Ouratliow of rest: t0 "in, hvrs 1.3S
Treatment ral: 10to "t.i continuouslu

rest Dat*: 3.13h
Test Tim'.: 1OC

10 HINSJTES OUR! 140 rEST PEaioo
RASE (swtei-s)

0-5 5-. 10 10-IS 1--20 20-2S
Trace --
Type Ream In Ram UP Ra; MF Rau UF Ram U -

LS 1 4 1 2 0 0 2 2 I I

St. 0 0 0 0 0 0 0 a 0 0

NC 4 15 4 a 0 0 1 1 0 0

0ii 0 0 1 2 0 0 0 a 0 0

rot&% 5 is G 12 0 0 3 3 a 1 £

10 iIaUlES AFPTE TEST PERI 0D
RANGE (..etewoo

o-s S-10 1o-is 15-20 20-2STrace -- -- -- -

Trp* Ram ;a Ram U Ram UF RaM UT R" 64; Z

LS 0 0 1 2 A 1 " 4 1 1 :
SL 0 0 1 2 0 0 0 0 0- 0:

N1 3 aI O o 0 0 0 0 0 a

om 0 0 0 0 0 0 0 0 0 0:

rotal 3 it 2 4 1 1 4 4 1 z

Total
Ram WF

5 9

0 0

* 24
1 2

215 3S

Total

Rim UF
F S

1 2
3 11

0 0

11 21

CHr-SOAH
F-4Ar

LS
SL
Nc
MU6
TOTAL

CHI -SOW
UALUES

0-5

Raw. UP
I 2
0 0
4 13o o
4 15

•RE
O-S

Rasa UF
1.000 4.000
. 0.143 .15

O.SO0 2.133

RAM MT
1 2
1 1
2 4
1 14 6

5-10

Ram U
0.000 0.000
1.000 2.000
4.000 8.000
1.000 2.000
2.000 4.000

10-1-
Ra.. UP

I I
0 a
0 0
0 0

10-13S

Rau U.
1.000 1.000

1.000 1.000

15-20

Ram Uw
3 3
0 0
I I

0 0
4 4

15-20

Rao, U.
0.64? 0."?.

1.000 1.000

0. L43 0.143

CHI--SoIJAE F-Hor
20-29 FOR 2 TEST PRIzODS

R. T Raw.

0 0 : 1 1
0 0 is 1
0 0: A 1
a 1, 13 20

LS
SL
He
umTA

20-25

Rou MT
0.000 0.000

0.000 0.000

CHI -SQUFRE UALUES
:rOR 2 TEST PERIODS
- Ram. UP
: 0.333 O.OS9
: 1.000 2.000

1 00010 2.000SO.&IS 3.500

CII--SGLGRE - 3.,41 Cd.f• - 1, alpha - .05)



Table F14. Indian Point hammerq test monitorin nusing bottom.
- orientated 64412 d1*reo horizontal trnsducer located

atunit 3* intake 6.

Tidal Phase: 20 mi n afterI Iow ti d#
Durat1ion of Test: 10 mi1n, heirs 1,3"5

Treatment 1".jpi" 10 seC on, 20 S*C o~f
test Datw:
Test time: 3/3/&21720

a ni MUTrcs oU e FTST PERIOD
RANGE (citers)

T,,c.
Tip

LE

SL

N'

0-5

Rau lMF

6-10

Rae UF

0 0 6 11

4 0 0
,4 15 3 6

10-is

Rom4 UF

2 2

0 0

1 1

19-20

Raeu U

2a-as
Rae. MV

•ou

I

0

a

1 2 2

0 0 0

0 0 0

w 0 0 1 2 1 1 0 a 0 0

Tdal 5 19 10 19 4 4 1 1 2 2

E MINUTES AFTER TEST PERIOD ,

0-5 5-10 10-1s 15-20 20-2S
Tmc.p -- - --- --
Tip* Ra" W Ram- U Rno" Ur Rat MF Raem UV

L4 0 0 a 11 1 i 0 0 & 1

SL 0 0 0 0 1 1 0 O 0 .0

MC 2 r a 6 0 0 0 0 0 0

M 0 0 4 a 1 1 0 0 0 0

Tt.Al 2 T 13 2 3 3 0 0 1 1-

total

2 Ra.4 UP

11 16

S 1 4

0 22

22 4S

Total

2 Rawe MF
I ,.8 13

II 1 1

2 S 13

i

CJ[-Saw
F4#Ar

Li
SL
Mc
U1.
TWA1L
CKI-Sew~
Ua.UES

0-s

Ra". M
0- 0
1 2

0 0
4 13

IRE
O-S

Rae. lI

1.000 4.000
0.661 2.)09

1.284 5.538

5--10
Rtaa MVr

& 1O
0 0

S S
12 22

10-15

Rae MV
2 2
1 I
1 1

4 4

15-20

Rama MT
I - I
0 0
a 0
0 0
1 1

15-20

Ram MF
1.000 1.000

1.000 1.000

20-25

Rau. MV
2 2
0 0
0 0
0 0
2 2

20-2S

0.333 0.333

0.333 0-33)

CHI-SQUVtAE F-HAr
FOR 2 TEST PERIODS

SR.. MF
2 10 is

1 3S 10 1S

4 6
z 21 41

CHI-SCURRE WALUES
WFO2 2 TEST PERIODS

Ram. MV
: 0.474 0.310

0.000 1.000
0.692 2.314
1 0.206 3.000

20.220 1.000

LE
SL
MC
U1.
TWAL

5-10 10-19

Ram MF Rab. lF
0.000 0.000 0.333 0.333

-- -- 1.000 1.000
0.000 0.000 1.000 1.000
1.000 3.600 0.000 0.000
0.3t1 0.818 0.143 0.143

CHI-SOLMIR9 - 3.641 -d4.f. - S. alp I - .05)

. I



Tabile FIS. Indian Point ha~mer test wanitorinf ustng bottom
oriontated ".12 deroe hori zontal ansducer located
at unit 3. intake -

Tidal Ph&s" 46 nin a•1or
I*" tide

Duration of Test:
Treatnent Trype:

to nin, hnrs 1.3*0
10 soc on. 20 sec off

Test Date:
Tost Tioe: 1740

s PIxlUJTES fiRmim TESt PERIOD
RANG <motors)'

0-S S-10 to-iS 15-20 20-2S
Trace - -
T.jpe Rao.m Ram UF Rame MV *am. M Ram MV

LS 0 0 1 2 1 1 2 2 1 1:

SL, 0 0 0 0' 0 0 0 0 a 0:

C 31 4 0 5 0 0 0 0 0 0 a

2UM 1 4 1 2 t 1 0 0 0 0.

Total 2 a 5 10 • 2 2 2 2 1 1 -

5 MI]uJTES AFTER TEST PERIO0
RAOME C...tos)-

T-a 5-10 t10-15 15-20 2O-2STraKe --------

TWO Rat UV Rau S lRamu U Ram MVI Ra1 MF 1

LS 0 0 1 2 A 1 2 2 0 0O

SL a 0 0 0 0 0 0 0 0 0:

NC 1 4 0 0 0 0 0 0 0 0:

UM a o a 4 0 0 a 0 0 0o

Total 1 4 3 a 1 1 2 2 0 - a

Total

Ram WV

S -6
0 0

I 4 10

12 23

Total

Rau. UV
'4 S

0 0

& 4

2 4

7 13

CHI-SQUAiE
F-.il" 0-9

Ram MF
LS 0 0
SL 0 0
NC 1 4
UN 1 2
TOTrm 2 a

CHI -SQUFAE

5-10

Rau MV
1 2
0 0
2 3
2 3
4 a

10-iS

I I
0 0
o 0
I I2 2

15-20

Rata MV
2 2
0 0
0 0
o a
2 2

15-20

Ra. MI
0.000 0.000

0.000 0.000

cO--SQUARE F-HAT
20-2S FOR 2 TEST PERIODS

Ram - MF R aw MF1 1: - 6
0 0: 0 a
0 0: 3 7
0 0a 3 6
1 1' : so 10

VMLUES 0-5 S-10 10-15

Rau "r Rasa M Raw UF
L--- 0.000 0.000 0.000 0.000

St.-- - -- - -- -
NC 0.000 0.000 3.000 6.000 -- -
MU 1.000 4.000 0.333 0.66? 1.000 1.000
TOTRL 0.333 1.333 0.500 1.000 0.333 0.333

20-25

Rasa MV
1.000 1.000

1.000 1.000

CHI -SOUARE VRLUES
IFOR 2 TEST PERIODS

IRau. MV
0.111 0.091

1.800 2.571
2 0.200 0.818
2 1.316 2.I-r

CI[24-SOJRRE - 3.041 (d.'. - 1. alpha - .05)



rible FIG. Indlan Point hammetr tesot mnitoring us&"9 bottom..
orientated 6,"12 deVree horq-iontal transducer located
at u•14,* 3. oIntake 6. -

TidaL Phase. I hr after
Lou tido

Duration of rest:
Treatment rupoz

10 "t 1,3^
10 .4., contrgntouw51y

Test Moat:
Test Tm.e: 1800

E NiNurEs DUiNO TEST p PERIOD ...
FMM18J CmetervI

mS- 5-10 10-15 1S-20 20-25

TV* It MRs F Rat. li i.1R W Rae U; Ra. W;

LN 0 0 2 4 a 2 1 2 1 1

SL 0 0 0 0 0 0 0 0 0 0

mC 2 r 3 a 0 0 0 a 0o 0

4lV 0 0 0 0 0 0 0 0 0 0

Tdeal 2 r 5 10 2 2 1 1 1 1 $

I "IMTES AFTER TEST PERIOD

RAIGEO Coeters)

0-5 S-10 10-IS 15-20 20-25rmce - ....
Twpo Raut M Re" UF Raeu Rae" Ml Raba MF

LI 0 a a 4 a 0 1 1 1 a

SL 1 4 0 0 0 0 0 0 0 0 2

Me0 0 0 0 1 1 0 0 0 0:

UI 0 0 0 0 3 4 0 0 0 0:

Tda] 1 4 2 4 4 9 1 1 1 2

Total

Ra:• UF

G a

0 0

O 0

11 21

Total

Rae. UP
4 6

1 4

1 •

3 4

I s 3

CIZ--SQAMP440Wr

LE
SL
"CMI;
TMs.

CH -SWUO
UI.UX.S

0--u

0 0
1 21 4 l

0 02 6

0-5

Rais sF

1.000 4.000
2.000 r.000

0.333 0.010

2 4
0 0
2 3
0 0
4 7

Rats WP
0.000 0.000

3.000 6.000

1.20G.2.571

Em. MV

0 01 1
2 2
3 4

Ra" UFM
2.000 2.000

1.000 1.000
3.000 4.000
O.ssr 1.2"

1S-20

Rasa MV1 a
0 00 0
0 0
0 1

13-20

Rau. UP
0.00 0.00

0.000 0.000

CII-SQUARE F-mAT
20-2S FOR 2 TEST PERIODS

Ra. MV a Ra. MV
I 1I S 7
0 0 1 2
0 0: 3 7
0 0: 2 2
1 1 5 10 is

LE
SL
W1C
TIer

20-25

Rae SIF
0.000 0.000

0.000 0.000

CIII --SUANR VW.-UES
aiR 2 TEST PERIODS

: Rau. MV
a 0.400 0.296
z 1.000 4.000
z 2.66? 10.206
9 3.000 4.000
2 0.200 1.OOO

CHI-SOUIJRE - 3.041 (d.f. - 1, alpha - .OW5

. a



Table F17. India" Point hanu..v test wowmttorlnq uving bottom
ort~nktetd 6m.12 d* o horizontal tansducer located
at unit Sp intaic. _.

Tidal Phaswt 2.9 hrs befor-
lom tido

Duration of Test: 10 in, hirxs 13
rr*at.ent ruvi*: 20 soc oet. 20 soc off

Test Dato: 3/4/08
Test TIn.: 0330

s MINUTES DURlIN TEST PERIOD

0-S
Traco2e
TYpO no" MU

5-10ft--tO 10- 15
Rae.. UPl

15-20

Ram UF

RANGE taeters)

20-25

Rau 44

L. 1 4 1 2 4 5 10 9 S 4

SL 1 4 5 9 S 6 1 1 0 0:

NC 1 4 1. 11 S it 9 0 1' 1

MM 0 0 a is 23 28 16 14 5 4 ;

Total 3 12 20 S? 41 50 36 32 11 9

S MINUTES AFTER rcsr PERIOD
RANGE me*ters)

O-S 5-10 10-15 15-20 20-25Trace ---- - -

Tyap Ram pa ft. RV am. MF Rft•. MV R a m W

LS 1 4 a 1S 18 U 2 23 10 14:

U. 0 0 1 2 a 0 1 1 0 0:

KC S 30 1i 21 12 14 2 2 3 2

11 2 7 13 24 a 10 6 5 3 2

Total 1i 41 33 62 38 46 34 31 24 18

Total

mRa MF
21 24

12 20

26 35

52 61

111 14(0

Total

It a" MV

2 3

36 69i

32 48

140 190

CHI -SQUARE
F-Har

LS
SL
"C
uU
TOTAL

CMI -SQUARE

Ram UMF
1 4
& 2

1 4
7 2?

5-10

s 9

9 16
11 20
27 so

t0-is
Ram U4F
11 14

16 81
40 48

15-20
Ram •IF

11 10
35 32

CH1--SGUARE F-HAT
20-25 FOR 2 TEST PEI:zOS

Ram VF= Rat UF
12 : 46 t

0 0 7 12
2 2 : 31 52
4 3 : 42 SS

10 14 : 126 I19

URLUES 0-5 5-10 10-IS 1S-20 20-25 CHI -SQUARE UAUES
- :FOR 2 TiST PERiODS

Ram M"r Ram * ft ia l R. MR fF Ra Mm f Ram MF
LS 0.000 0.000 5 5.444 9.941 0.909 10.704 6.429 6.125 7.348 5.556 :26.385 28.588
SL 1.000 4.000 2.66? 4.45S 5.000 6.000 0.000 0.000 - -- : 7.143 12.-SS
MC 5.444 19.882 1.471 3.125 0.429 0.360 -4.455 3.600 1.000 0.333 Z 1.613 11.11S
MM 2.000 7.000 1.190 2.077 7.250. 0.526 4.54S 4.26S O.500 0.667 : 4.762 1.590
TOTAL 4.S?1 IS.068 3.189 6.313 0.114 0.167 O.os0 O.O1G 4.029 3.000 2 3.3S1 9.953

CHI--SQUARIE m 3.041 (cd.f. - t. Ablph& - .05>



rabI* FIG. Indian Point ha.,wov teat .iontori flfusing bottow
orie.ntated 6"12 dgowhorls ontal ansducer 1located
at unit 3. Intake 36.

Tid*& Phase: 2.5 bra befo.re
lou tide

Duration of Test: 10 ktng hut-s 163
treatuont rtyo., 20 soc on,. 20 sec off

toot Dot*:
rest n"wo:

3/4.'r0
0350

anneosanaaaflina saflewaaaainaaflsfl

S N•MUTES DUozmI TESr PERIOD
RANGE Cnwt..-.)

9-B 5-10 o10--S s-20 20-25
Trasce, ------

Tlg. Rau. UF Ra MV Raw MVF RaI MF Roa. MV z

1. 1 4 7 13 22 26 29 26 16 12.

St. 0 0 3 6 4 5 0 0 0 02

NC 4 1s 7 S3 2 2 0 01 1 2

wi" 0 0 5 9 0 10 4 4 0 0

Total 5 i9 22 41 36 43 33 30 17 13 .

5 MI[UTES AFTER TEST PERIOD

RfANGE (winters)

O-S B- 10 10-1S 5--20 20-25
Traceo

ryp* Ra MRa M1 Ram Ra- MF Rau HF

LS' 1 4 3 6a 14 •1 10 j 10 a z

S. 1 4 2 4 7 a 0 0 1 15

MC 2 7 3 6 r 9 3 3 2 2

UM 1 4 3 6. 6 7 6. ; 1 12

Fotal 5 10 11 22 34 40 1i 1" 14 12

Total

R&u MF
vs; ex

r .11

14 31

17 23

113 146

Total

Ram MV

30 44

11 I1

IT 24

i7 23

03 110

CHI -SQUARE CHI--SQUARE F-HAT
F-NART 0-6 5-10 10-15 1S-20 20-25 "FOR 2 rESr PERIOoS

Rauw M Raw MVF R& MUF Raa MF Ram MW a Raw uM
LS 1 4 S 10 1o 22 20 1i 13 10 z S7 63
SL .1 2 3 B 6. 7 0 0 1 1 z 9 14
NC 3 it B 10 5 S 2 2 2 22 : 6 29
Mu 1 2 4 0 7 9 5 B 12 17 23
rOTAL .5 19 1? 32 35 42 26 24 1 13 : $0 120

CHi -SQUARE
VALUES 0-B S-10 10-15 15-20 20-25 CHI--SQUARE IVALUES:FOR 2 iEsr PEtIODS

Rau MF Raw MF Rau MF Re.. M Rao MV a Rat. MF
LS 0.000 0.000 1.600 2.•79 1.770 1.004 9.256 6.257 1.308 0.800 Z12.115 10.9S2
SL 1.000 4.000 0.200 0.400 0.016 0.692 .. .. 1.000 1.000 2 0.009 1.2BI
HC 0.6.67 2.909 1.6.00 2.579 2.778 3.600 3.000 3.O00 0.333 0.333 : 0.290 a.431
MIM 1.000 4.000 0.500 0.600 0.206 0.S29 0.400 0.111 1.000 1.000 :-0.000 0.000
TOTAL 0.000 0.000 3.6.67 5.730 O.OS 0.108 3.76.9 3.6s96 0.290 0.040 2 4.692 5.063

CHI-SQUARE - 3.841 Cd.f. 1. alpha - .05)



r~abIo Fit. Indian Point hammeov test mnoritorinq using -bottoi,
orientated 6..i2 degree horizontal transducer locatod
at unit 3. Intake S

Tidal Phase: 2 hrs before
I*" tido

Duration of Test: 10 #41n, iaiS 163 Test Date:
Treatment rTp.: 20 sec on. 20 sec off rest riTe,:

3/4/88
04 LO

5 Iii MUTES DURING TEST PERIOD R
RANGE (weter-s)

O-- 5-10 10-15 1S-20 20-25Treace-

Type Ram UI Rau hF R.a Ur Ram MF Ram UV

LS 2 7 6 ii 6 7 1 1 2 2

SL 0 0 1i 30 10 12 9 a 3 2:

NC S is 10 is 2 2 3 3 4 3

MU 0 0 8 is is to 14 13 2 2

Total - 26 40 Ts 33 39 2r 25 1i 9 1

5 IM]TES RFTER fEst PERIOD
RANG0E (weterw>

0-5 5-10 to-is 15-20 20-2s
Trace -------
Type Rao " F Ra m F Ram UF Ram MF Ram UFI

LS 0 0 2 4 12 14 3 1 1 1

SL 1 4 6 ii is 23 iS 16 7 S 5

MC S it S is 3 4 a S 2 2 2

MUM 0 0 9 1 11i 13 a 7 3 2 1

Tst -6 23 25 47 4i S4 35 31 10 a

rotal

1? 20

3o 52

24 46

39 48

lie 174

Total

Ran UF

is 22
51 59

24 4S

31 31

124 1ss

CI--SOURRE F-lar

FOR 2 TEST PERIOS

Rau MF

CHI--SQUARE
F--IAr 0-s 5-10

Raw MV

10-13
R~au IMV

15-20
Rau iUP

20-2s
Rat. 1WT

LS 1 4 4 8 S it 2 2 2 2 18 25
SL 1 2 it 21 Is to 14 12 5 4: 45 56
KC 5 is 9 17 3 3 s 4 3 3: 24 46
Mu 0 0. 9 1s 13 16 11 10 3 2: 35 44
FOTAL T 2S 33 61 3t 4? 3& 20 12 10 Z 121 17O

CHI-SQUARE
UALUES 0-5 5-10 10-IS 1S-20 9O-25 CHI--SQUARE UALUES

- - - -- -:FOR 2 TEST PERIODS
Ra P Ram Rau UF Rai UF Ran V : Rau UF

LS 2.000 7.000 2.000 3.26? 2.000 2.333 1.000 1.000 0.333 0.333 : 0.029 0.720
SL. 1.000 4.000 4.s4s *.005 2.793 3.4sT 3.000 2.667 1.400 1.2$6 Z 1-.99 0.441
NC 0.000 0.000 0.222 0.471 0.200 0.66? 1.000 0.500 0.66? 0.200 = 0.000 0.011
MU -- -- o.OS0 0.125 0.615 0.006 1.636 1.000 0.200 0.000 : 0.914 0.931
TOTAL 0.07? 0.104 3.462 6.426 1.846 2.419 1.032 0.643 0.167 0.053 Z 0.149 0.239

CHI-SaUARE - 3.041 Cd.f. - 1. alpha w .05)



Tdblo F20. Indian Point handwe test monitoring using bottom
orelntatod Sm.12 doge-ove horizontal transducer located
at unit 5, intake36

TidaL Phase, 1.5 his bef"ee
10o4 t~d.

Duration o( Trst: 10 "in, hemr only
Treatuent Tupo: 10 "in cootinuouslu

Test Date: N/4/09
Test Tim.e: 0430

I nIHurEs DUoifl0 TsST PERzOo
RANGE (.etoers)

o-5 5-10 t-0is 15-20 20-25
Trace - -------
Tip* Ram UP Ram UF Ram UP Ram UF Ram MF z

LI 4 is 3 a .20 24 3 3 3 2 -

St 1. 4 r I3 1 1 0 0 0 a

NC 7 2a S 9 0 0 0 0 1 1

WI 0 0 10 is 14 17 3 3 a a 0

Ttal 12 45 25 4? 35 42 6 6 4 3

a nImirUs AFTER TEST PERIOD
RANGE (weters)

0-5 5-10 to0-15 15-20 20-25
Trace ---
rT• Ra m F Ran UF Ra. UF Ram. M Ran UP

Li 3 ii 13 24 a • 1 1 1 1

SL 0 0 a 0 0 0 a 0 0 a

NC Is, 22 a 4 0 0 0 0 0 0 2

U&. 0 0 4 0 2 2 0 0 0 0

Teta1 9 33 1s 36 a 9 1 1 1 1

Total

Rau UF

.9 I0

13 34

27 3.J

02 143

Total

Raot UF

24 44

0 0

* 26

& 10

38 s0

CIt-SQUARE
F-HAT

LS
SL
tIC
Ms.

M~AL

C --SQUARE
VfLUES

Lf 0.:
SL 1.E
"C 0.0

TOra. 0.,

0"-s

Ran Ur
4 L3
1 2
r 24
0 0

11 39

O-S

Rai1 MF
143 0.15
000 4.000
Or? 0.353

429 1.646

5-10

Rasa SF

4 7
4 7
7 14

22 42

Rood UP
13 - 1s

0 0
0 1022 24

15-20

Rat. MV
2 2
o 0
0 a
2 24 4

15-20

Rau UP
1.000 1.000

3.000 3.000
3.511 3.Sr1

20-25

Ram UP
2 2
0 01 I
0 0
3 2

20-25

10Ram MF
1000 0.333

Io00. 1.000

1.800 1.000

Chw-SQtURe r-HMAT
FOR 2 rEsr PERIODS

- Ra• UF
5 29 4?S S 9

S 11 31
: 1 2S
6o 112

CHI -SQUARE VALUES
:FOR 2 TEST PERiODS

Ram UF
1.421 0.363
9.0000 18.000
1.190 1.613

:13.364 17.163
:16.133 17.790

5- 10 10--15

Ran UP Ran UF
6.2S0 10.000 7.S38 9.323
T.000 13.000 1.000 1.000
1.286 1.923 .. ..
2.57I 4.481 9.000 11.842
0.010 1.-4S 16.95.3 2L.353

CHI-S4UMM - 3.841 4 d.f. - 1, alpha - .05)



Table F21. Indian Point hamnor test .otaltoe-inlrusing botton
04-h ntatwd Gm. 2 degWaw ho-i zontaL trasducer located
at unit 3, Intake 3-

Tidal Phase*. I hr before
Iow tide

Duration of Test: 10 "in, hi.r 3 o0l
rr*Atnent ryp.: 10 wMn continuousi

rest Oate: 3/4/00
Test Tine: 0450

5 IINUrES moUINO TrSr PEIzoD
RANG C•te.-s)

0-6 5-10 10-15 s--20 20-25Trace, - ----

Two. Ram UF Ram Ur Ram WF Ram MF Ram UF,,

LS 1 4 o 5 a a 1

SL 0 0 2 4 0 0 0 0 0 0

WC 2 7 1 2 4 5 0 0 0 0

"M 0 0 7 13 0 0 1 1 0 0

Total 3 11 is 20 9 is 3 3 1 1

6 pmuJe$s aFTER TEST Pwitxoo
RANG (.et~er-s)

O-S 5-10 10-16 -1-20 20-2S

Tgpe Ra to" Ram.. WV Ra U Ram W Ra& n" Mr

LS 0 0 4 a * 2 1 1 1 a a

SL 0 0 0 a 0 0 0 0 0 0 =

NC 2 7 4 9 0 0 0 0 0 0:

MU 0 0 3 6+ I 1 0 0 0 0:

Total 2 i t1 22 3 3 1 1 1 1 2

Total

Ram MV

14 22

2 4

r 14
* 14

31 64

Total

Rau bP

* 12

0 0

4 i

10 34

CHI 49U~MM
F-Hfr 0-5

Ras. MV
LS 1 2
SL 0 0
PC 2 7
U 0 0
TorA 3 9

CHI-SQUAREI•MUES O-S

Ram UFM
LS 1.000 4.000
SL - -
tiC 0.000 0.000

TOTrL 0.200 0.6ee

5-10

Rae. M6 '3
1 2
3 5
s 10

13 25

5-10.

0.111 0.059
2.000 4.000
1.000 3.600
1.600 2.579
0.615 O.720

10-16

Ra. MV
4 4
0 a
2 3I 1.
6 7"

10--16

Ram. MF
1.206 2.00o 0..

4.000 5.000
1.000 1-000 1.8
3.000 4.srt 1.8

CHI-SQUARG w 3.041

15-20

Ram MV
2 2
0 0
0 0
1 2.2 2

16•-20

Ram MV
133 0.333

o00 1.000
o00 1.000

CHI -SQUARE F-HMT
20-2S FOR 2 TEST PER1 00S

Ram M Ras MF
1 1 : 11 1?
o 0: 1 2
0 0 : 15
0 0 - 11
1 1 23 44

20-23

Rae. MV
0.000 0.000

0-000 0.000

CUI--SQUARE MALUES
:FOR 2 TEST PER!O00

S Ram UF
S 1.636 2.941
5 2.000 4.000
a 0.0?? 0-034
= 9.3N3 2.333
23.44% 4.545

CO.f. - 1. &Lpha - .05)p



Table F22. Indian Point hammoW toot esosg tort nofruoinq bottow
orientatod fim12 Adqc. hoiznta ansdclo 1 ocatod
at unit 3. Intake 3.

TLd4L Phase: 30 vin beform
IOU t*1d

Duration of Test: 10 "in, hwr 3•nt
rr.at..nt Tgpo: 10 ltn contiunuousy

root oat*:
root Tin*:

3/,4/8
O5lo

m m1#UWeS DURiNl rcsr PERIOD
RANGE (ietors)

O-S 5--0 10-IS 15-20 20-25
Trace ....--
Type Raj MVF am W RaU lI RaIt HF Ra& MF

LS 0 0 a 4 1 1 2 2 2 2-:

st. 0 0 0 a 0 0 0 0 a 0

He a a a 4 1 1 0 0 0 0:

MU 0 0 0 0 0 0 0 0 0 0 :

Tot&& a 0 4 a 2 2 2 2 2 2:

S HI# NUTES AFTER rEsr PERIOD
RANGE (neters>

O-S 5-10 10-15 15-20 -20-25Tr-aco
Type ft.e. MV RaIme MY IRa MF" Nta. NP Ran liP I

LS 0 0 3 6 4 S 0 0 1 1:

SL 1 4 0 0 1 1 0 0 .0 0:

NC 4 is 1 2 1 1 1 1 0 0

m 1 4 2 4 1 1 0 0 0 0:

Total G 23 6 12 7 * 1 1. 1 1

Total

Ram MF

7 1

0 0

3 6

0 0

10 14

Total

Rau MV

o 12

2 5

7 is

4 49
21 45

CHI -SQUARE
F-MFr 0-5

LS 0 0
SL 1 2HC 2 6
"M 1 2
TOTAL 3 12

CHI -SQUARE
VALUES O-S

Rat. MP
LS - --
SL 1.000 4.000
HC 4.000 15.000
"MI 1.000 4.000
TOTAL 6.000 23.000

Rau wI

0 0

1 2
S 10

10-IS
Rau wF

3 - 3
1 1

1
5 5

Ram MV
I I
0 0
1 I
0 a
2 2

15-20

- Ram MF
2.000 2.000

1.000 1.000

0.333 0.333

CHI-SOUMRE F-hA,
"0-25 FOR 2 rErs PERIODS

Rag WF Ran MV
2 2 x 8 11
0 01 3
0 0 3 S 12
a 0: 2 5
2 2 is 30

5-10 10-15

Ram la Ram MF
0.200 0.400 1.800 2.64?

-- - 1.000 1.000
0.333 0.66? 0.000 0.000
2.000 4.000 1.000 1.000
0.400 0.800 2.77S 3.600

20-25

Ran MF

0.335 0."33

0.333 0.333

CHI-SQUARE UNLUES
:FOR 2 TEST PERIODS: Ram MF

0.067 0.429
3 2.000 9.000

1.600 0.16?
4.000 9.000

: 3-.903 16.208

CHI-SQUARE - 3.041 (d.f. - Is alpha - .05)



Tab,. F23. Indian Point hamm.. toot monitoringusing bottom
ori*"tated 6"12 doir*e heizonta1 ansducev located
at unit Sp intake G.

rid&& Pbase: 20 "in bofr-o
lou tide

Duration of Test: 10 "In. hewrý onlua
TreatMent tupe: 10 min continuou.VU

Test Oat*: 3/4/89
r..t rin.: 0530

a f l~ .i s .ea.ff a.a.n.a.n .

S nzwNUrES DURIS TEST PE~4 OD
RANGE I(eN.ors)

0-5 S-10 10- !!:11-20 20-25
TpR o Rawm W Ra &M Ra u T RMw LI 2

LS 0 0 3 6 4 5 5 5 2 2 S

SL 0 0 0 0 0 0 0 0 a 0

NC 3 11 4 0 2 2 1 1 a 0.

M 0 o0- 4 2 2 a 0 a .0

Total 3 11 it 22 a 9 6 6 2 2.

5 rINUTES AFTER TEST PERIOD
RANGE (wet.rs)

o-S 5-10 10-15 1s-20 20-25
Trace, - --- - -----
Typo Raa" UF Ram mF Ram MT Ram MF Ra. MT Z

LS 1 4 3 s 6 2 2 1 1

SL 1 4 2 4 0 0 0 0 0 0.

NC & 4 2 4 1 1 0 0 0 0 -

MW 0 0 -4 a 2 2 0 0o 0 0

Total 3 12 .11 22 0 9 a 2 1 1 s

Total
R• k.R

14 18

0 0

rot&&

R am MVF

10 22
t o

•o so

Raw MT

..12 i's

3 8

4 .9

CHI -SQUAREF -Hia O-S

Rate MT
LS 1. 2
SL 1 2
NC 2 8
UI 0 0
TOTAL 11 12

CHI -SQUARE
U•ALUES

LS 1.1
SL 1.8NC 1.8
M"
TOTAL 0.8

5;-10

Rau MV
3 6
1 23 6
4 8

1i 22

Ram UP
0.000 0.000
2.000 4.0040
0.66? 1.333
0.000 0.000
0.000 0.000

to-Is

Rau MF
S 6
0 0
2 2
2 2
8 9

to- ts

Ram MF
0.111 0.001

0.33'3 0.333
0.000 -0.000
0.000 0.000

1S-20

RaM MF
4 4
0 0
1 1
0 0
4 -4

15-20

Ram UP
1.206 1.296

1.000 1.000

2.000 2.000

mt4 -soU*E r-Har
20-25 FOR 2 TEST PERIOoS

Ram WV Ra" MF
2 2 : 13 19
0 0: 2 4
0 0 16
0 0 a 10
2 2 : 20 40

O-S
Raw4 MF

000 4.000
000 4.000
00 3.26?7

000 0.043

20-25

0.333 0.333

0.333 0.333

CHI -SQUARE VALUES
:FOR 2 rEST PERIOOS
SRasa. UF
: 0.154 0.02?
" 3.000 8.000
: 2.571 S.452
z 0.000 0.000
: 0.4ss 0.16?

CHI-SQUARE - 3.041 (d.f. - I. alpha - .05)



Table F24. Indian Point hammer test monitoring using bottom
'oriontotwd 61412 degree horizontal transducer located
at unit 3, I ntake 36.

"idal Phase. at I*" tide Duration of Test: 10 Kun, hr. 3 only .
, rratwent rType: 10 mLr contlnuously

Test Date:
root TiNe:

!/4/88
oSs0

l---|l-mfaS .. aS. ..... f•w ..... . ....... R... ... l.... .....

S "IHUTES DURIMG TEST PFRIOD
RANGE (meters)

O-S 5-1c 10-25 •S-20 20-2s

Tryp Rau SlF Rau& " P RaM UF Ra.m UF fau UF

LS 2 7 a 0 9 2 a a 0

SL 1 Il 1 2 1 1 a 0 0 0 z

N 5 1s 6 11 2 2 0 0 0 0

Mu 0 0 3 G 2 2 0 0 0 0:

Total 10 3? 10 i9 6 6 a 2 0 0

S MiSIUTES AkFTER TEST PERIOD
RANGE (Mters)

0-5 5-10 10-1S -15-20 20-25
To-ace --- ------ - - --

rupe Rau lF" Ram UF Rau MF Ram MF Rau WF

LS 1 4 1 2 2 2 2 2 1 1

St. 0 0 1 2 0 0 0 0 0 0

NC 1 4 3 G 1 1 0 0 a 0

Mu 4 s 6 0 0 0 0:

Total 3 12 a 1i a 1j 2 a 1 1

Total

Raua MF

5 14

13 32
5 0

20 64

Total

Rau MF

7 I I

1 2

5 11

9 .16

22 40

CHI -SQUARE
F-HAT

LS
SL
NC
MU

[O-AL

: O-

Ras wi
2 &2 6
3 12
1 2
r 2S

Utau MV
1 1

! 2
5 9

9 10

to-is

Rai MF
2 2
I . - 1
2 2
4 4
7 8

15 -20

2 2
a 0

.0 0.
a 0
2 2

15-20

Rau UF
0.000 0.000

0.000 0.000

20-25
Rau t4P

1 I
0 0
0 0
0 0

20-2S
RAM MF

1.000 -1.000

1.00 1.000

CHI-SaUARE F-HAT
FOR 2 TEST PERIODS

z Rau MF"
& 11

3 3 B

9 22

z 25 52

CHII-SQURRE VALUES
:FOR 2 TEST PERIODSI Rau UF

1 0.333 0.048
I 2.66? 9.000
I3.566 10-256
0 1.143 2.66?

2 0.720 5.530

URLUES O-S S-.10 10-IS

Ram UF Ram MF Ras UF
LS 0.333 0.810 1.000 2.000 0.333 0.333
SL 3.000 11.000 0.000 0.000 1.000 1.000
tic 2.66r 1.703 1.000 1.471 0.331 0.333
Mu 1.000 4.000 0.000 0.000 1.286 2.000
TOTAL 3.769 12.755 0.222 0.2S? 0.2"i 0.00

CHI-SOUNRE - 3.841 Cd.f. - 1. alpha - .OS)
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Quarry Hammer Test



APPENDIX G: Quarry Hammer Test

G. 1 Introduction

After the hydroacoustic sampling had ended at Indian Point Power Plant Unit 3, an

additional test was conducted at a nearby rock quarry by NYPA and Normandeau

Associates, Inc. personnel. The quarry, located a mile downstream of the Indian Point

Nuclear Power Plants, was used to perform an open-water test of the avoidance response

of white perch to underwater hammer devices. Observations were visual, from above the

water surface. The test took place on March 11, 1988.

G.2 Methods

The quarry has a maximum depth of about 100 ft, is 1/2-mile across and irregularly

shaped. At the test site, the bottom is muddy and the depth is about 8-10 ft. The hammer

was hanging off an underwater wall, and positioned about 3 ft deep. A fish trap was

always directly in front of the hammer.

White perch' were collected off the 1P2 Ristroph screen at about 0800 h and

transported shortly thereafter to the quarry, where they were placed in 3-ft by 3-ft by 6-ft
box traps. The fish were held in the box traps for about 5 hours. Live fish were then
transferred to a single box trap for testing. The trap was generally orientated with the 6-ft
side horizontal. The fish depth remained about 3 ft. During hammer tests, the trap was
placed at different distances from the hammer. It started out at a position 10 ft from the
hammer, then was moved closer. To check for a vertical response, the trap was also
orientated with the 6-ft side vertical.

The test fish were those that could maintain their position in the middle of the box
trap while it was being moved. Fish that bumped into the sides of the trap during moving
were ignored during hammer tests, as were fish that were apparently highly stressed.

Water temperature was 4.5* C. The quarry contains very clear freshwater. Testing
was conducted from approximately 1500 h to 1600 h, with a clear sky.

Two hundred test fish were used in this hammer test. Test fish lengths are

presented in Table G1.

GI



G.3 Results"

When the fish were within about 10 ft of the operating hammer, they consistently

oriented away from the hammer and moved to the far side of the box trap. The same

response was elicited if the hammer was right up next to the net, or if the net was 4 ft from

the hammer, which gives a total distance of 10 ft from the hammer at the outside wall of the

trap (4 ft + 6-ft trap length). At more than 10 ftk there was not much of a response.

No vertical response was observed, even when the trap was oriented vertically with

a 6-ft depth.

It was not until about 2 or 3 beats of the hammer that most of the fish turned and

moved away. In other words, the response was not instantaneous for all of the fish that

moved.

GA4 Discussion

It is not known whether the behavior in the quarry was artificial due to the

possibility of fish receiving visual cues off the net walls of the box trap.

Quarry results do not account for other possible factors which could have affected

the effectiveness of the hammers at the power plant, such as flow velocity, lower water

temperature, salinity, etc.

Quarry tests did show a response within 10 ft of the hammer, demonstrating that

the hammers could elicit an avoidance response in an acoustically different environment

than the sampling tank at Ontario Hydro. To rate success, it is necessary to concentrate on

the hydroacoustic data from the near-hammer ranges at the power plant.

G2



Table 1. Numbers and lengths of white perch used in quarry hammer test, March' 11, 1988.

Fish # L (m Fish1# L (mm) Fish # L (rnmi I Fish # L (mmn)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

.48
49
50

78
83
84
79
69
82
73
70
82
75
74
80
81
78
79
85
89
95
83
59
81
52
79
84
75
84
81
73
77
84
88
84
83
71
74
72
84
80
77
85
81
80
65
75
83
80
78
62
75
64

51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100

85
104
92
81
71
82
71
76
83
80
80
79
65
85
76
72
70
78
90
86
79
90
115
121
85
64
84
62
92
69
78
81
77
77
70
73
76
85
76
86
58
78
74
59
77
71
79
66
85
82

101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129.
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150

76
60
76
61
82
78
82
77
59
84
83
73
74
76
75
57
76
78
75
76
74
77
74
63
84
76
80
86
83
72
55
70
70
77
77

68
77
82
76
85
84
83
74
67
89
72

151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
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175
176
177
178
179
180
181
182
183
184
185
186
187
188
189190
191
192
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194
195
196
197
198
199
200

84
77
85
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71
84
92
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84
88
76
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73
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77
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70
84
54
64
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EVALUATION OF DURABILITY, DEBRIS RETENTION, AND CLEANABILITY OF
FINE MESH PANELS ON A RISTROPH-MODIFIED THROUGH-FLOW TRAVELING

WATER INTAKE SCREEN AT INDIAN POINT UNIT NO. 2

1.0 INTRODUCTION

Recent advances in the design of fish-saving features of Ristroph-modified

through-flow traveling water intake screens (Fletcher 1990a) outfitted with conventional-sized

mesh (e.g. 3/8" sq.; l/4xl/2" rect.) for purposes of reduction of impingement mortality

prompted consideration of the use of similarly modified screens outfitted with fine mesh as a

means to reduce entrainment mortality. However, uncertainty of the reliability of fine mesh

panels on water intake screens (Fletcher 1990b) mandated tests of mechanical aspects of screen

baskets outfitted with fine mesh prior to investigations of fish-saving potentials. A test

program was implemented to evaluate the durability, debris retention and cleanability of

alternative sizes of fine mesh installed on Ristroph-modified through-flow traveling water

intake screen baskets at the Indian Point Unit No. 2 Generating Station.

Durability of fine mesh was of special concern because of reported failings,

particularly at the attachment points to basket frames (Fletcher 1990b). Failings in a number

of incidences had appeared as material fatigue brought about by the periodic flexing of the

mesh within the frames as they were exposed to intake water pressures first on one side and

then the other as the baskets rotated in an endless loop around the sprockets of the machine.

Debris retention by fine mesh, particularly the retention of filamentous algae (e.g.

Lyngbia sp.), was also of special interest in the study. Historically, the types of debris most

frequently observed at the Indian Point Station consist primarily of marsh grasses, tree leaves,

eel grass and algae. Average daily quantities collected from individual screens range from a

few gallons to nearly 200 gallons (Appendix A). Occasionally, filamentous algae is present in

bloom-type conditions and may be washed from the screens in substantially greater quantities

(1985 Indian Point Impingement Monitoring Program, unpublished data). One species of

algae, Lyngbia sp., is particularly troublesome because its filamentous strands readily entwine

on the wires of the mesh, and is removed only with great difficulty by the high pressure spray

13361 OOqP2.DOC (amrine P95-2) Con Ed
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wash system. When it is present, substantial intake water head losses can occur across the

intake screens as a result of the entwinement of algae on the mesh.

In 1985, observations made during a post-impingement viability study of a

Ristroph-modified through-flow screen at Indian Point Unit No. 2 indicated that the filamen-

tous algae could entangle fish collected in screen basket rails and hinder their return alive to

the source water. The present study was designed to evaluate filamentous algae retention as a

function of screen mesh size. Retention by matting on the surface was considered to be

desirable because it would enhance the potential for removal by a front-mounted high-pressure

spray wash system. Entwinement, however, was considered to be undesirable, because

removal by the high pressure wash might be difficult.

Cleanability of the mesh by the screen's front-mounted high pressure spray wash

system was also of interest. Uncertainty existed as to whether the fine mesh in conjunction

with a coarse backing mesh would disrupt the spray and reduce its effectiveness in removing

debris from the mesh.

This report summarizes the test plan and observations of performance of the

mechanical aspects of the twelve of fine mesh panels installed on a Ristroph-modified through-

flow screen at Indian Point Unit No. 2.

2.0 MATERIALS AND METHODS

The Ristroph-modified through-flow traveling water intake screen no. 26 at Indian

Point Unit No. 2 was selected for use in this fine mesh screen basket evaluation. It is situated

in a 13.4' wide by 27' deep (at mean sea level) water intake, and consists of 52 baskets, which

measure 2 ft high by 12 ft long. Each basket is outfitted with a fish recovery rail that

-measures approximately 12 ft long by 3 inches deep by 5 inches wide, and holds approximate-

ly 9 gallons of water. The conventional mesh on these baskets has 1/4"x1/2" clear openings

woven with 0.08" diameter stainless steel wire. The mesh provides 65% open area.

13363. fb8IPZDOC (mwixe r9.-2) Con !d
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Circulating water is drawn through the intake at seasonally adjusted rates of 84,000

gpm and 140,000 gpm. At the reduced flow rate, which occurs generally from December

through April, intake water approach velocities are approximately 0.5 fps. At full flow, which

occurs generally from May through November, approach velocities are approximately 0.9 fps.

Approach velocities vary slightly depending on the stage of the tide, the range of which is

approximately 3 ft. Debris is filtered from the intake water by the screen, which under normal

operation rotates continuously at 2.5 fpm. One revolution requires approximately 42 minutes.

Debris is removed from the mesh with a front-mounted high pressures (90 psig.+/-) spray

wash system. Fish are removed from the screen rails with a low pressure (10 psig) spray wash

system mounted on the rear side of the machine. A secondary high pressure (90 psig) spray

wash system located below the fish spray system removes any debris that may remain after the

screen baskets have rotated through both the front-mounted high pressure wash and the low

pressure fish spray wash system.

Prior to performance of the present study, improvements were made in the manner

of attachment of fine mesh panels to screen basket frames by the screen manufacturer. Fine

mesh panels were pretensioned for attachment to a screen basket by first binding them to a

coarse backing mesh (1" sq.) that had, itself been tensioned by being bowed along its

longitudinal centerline (Figure 1). The binding consisted of first placing the top and bottom

edges of both meshes into a U-shaped channel of light gauge stainless steel that was then

pressed into an S-shaped profile. Pretensioning was expected to reduce panel flexing, while

the S-shaped binding was expected to alleviate the mechanical stress of a fixed attachment

point such as that formed when a mesh panel is clamped directly to the screen basket frame.

The final assembly of fine and coarse mesh was bolted to the screen basket frame (Envirex

1993).

Three sizes of fine mesh in two types of material were selected for evaluation of

durability, debris retention and cleanability, particularly during periods when filamentous algae

was present. Mesh sizes were 1mm, 2mm, and 3mm. The two types of material were selected

for evaluation: stainless steel and polyester. The synthetic material was selected for testing

because in other evaluation programs, it withstood flexing somewhat better than metallic mesh,

although it was more susceptible to punctures and cuts from sharp-edged objects (Fletcher

h3365. 06"IPDOC (mariRe r95-2) Con Ed
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Figure 1. Cross section of Ristroph screen fine mesh panel. Q Fine mesh panel.
Bowed lxl inch stainless steel mesh.
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1990b). The type of fine mesh and order of installation of test panels on Ristroph-modified

through-flow Screen No. 26 at Indian Point Unit No. 2 in March 1993 are delineated in Table
1.

TABLE 1. TYPE AND ORDER OF INSTALLATION OF FINE AND STANDARD
MESH PANELS ON THE RISTROPH-MODIFIED THROUGH-FLOW
TEST SCREEN NO . 26 AT INDIAN POINT UNIT NO. 2.

MESH SIZE WIRE SIZE PERCENT NUMBER OF

MATERIAL (mM) (mM) OPEN AREA PANELS

Stainless Steel 2x2 0.63 56 3

Stainless Steel 6.3x12.7 2.03 65 10

Stainless Steel lxI 0.46 51 3

Stainless Steel 6.3x12.7 2.03 65 10

Stainless Steel 3x3 0.63 52 3

Stainless Steel 6.3x12.7 2.03 65 10

Pecap Polyester lxi 0.50 45 3

Stainless Steel 6.3x12.7 2.03 65 10

Analyses of the durability, debris retention, and cleanability of the 12 fine mesh

panels, as well as that for the conventional mesh panels on the test screen, were made through

direct observation during the interval May 1993 through November 1994. Photographs of fine

mesh and adjacent 1/4 x 1/2 inch mesh panels were taken during periodic inspections as the

basket rotated out of the water intake. The 35 mm waterproof camera was fitted to the end of

a specially designed extension arm and shutter release that facilitated photographing the mesh

panels while the screen was operating. All photographs were of the same general section of

each mesh panel (approximately a 2 foot square area approximately 2 feet from the left hand

end of the 12 foot long buckets) over the entire evaluation period. In addition to the still

photographs, a camcorder was used to make VCR tapes of the panels as they rotated on 4

August 1993, 22 November 1993, and 15 July 1994. During observation periods, the front

high pressure spray was operated at approximately 90 psi and the low pressure spray operated

13363.00&71P2.DOW (nwina r95-2) Con Ud
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* at approximately 10 psi. The front mounted high pressure wash was turned off to facilitate

observations and the taking of photographs. The screen panels rotated at 2.5 ft/minute almost

continuously throughout the test period. Intake water flow velocities averaged approximately

0.9 fps for approximately 75% (15 months) of the 20 month study and approximately 0.5 fps

during the remaining 25% (5 months). Approximately 20,000 revolutions of the traveling

screen were made during the study period, which reflects the approximate number of cycles of

the fine mesh flexing back and forth as the screen rotated around the machine.

During the approximately 20 month long study at Indian Point Unit No. 2,

filamentous algal blooms did not develop, and, as a consequence, assessments of the potential

for algal entwinement about the wires of the mesh, and efficiency at which it could be

removed by the spray wash system could not be directly assessed. On none of the days when

the screen panels were inspected was debris loading rates found to be substantial. Evaluations

focused on the durability of this screen mesh, particularly with respect to breaks that might

have been caused by flexing, or from punctures by heavy debris. The screen panels were

inspected for stretching (blousing) of mesh material, which could also increase the potential for

flexing at points of attachment to the screen basket frame. The potential for stretching existed

because the mesh was exposed to inflow water pressure on first one side of the panels as the

basket rose out of the intake bay and then on the opposite side as they descended down the

backside of the machine into the bay. The following are synopses of observations of screen

condition during each inspection:

18 May 1993

The first observations were made in May 1993, after the panels had been installed

for two months. There was no evidence of breaks, tears or punctures in any of the panels.

Debris loads were very light. None of the panels showed any blousing and all attachment

points for all panels were intact. The 1/4xl/2 mesh on the standard panels that separated the

test panels appeared to be in excellent condition and free of any breaks, tears or other damage.

13363.ODO/IPZDOC (marine ,95-2) Coa Ed
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2 June 1993

Three months after installation there was no evidence of breaks, tears, punctures in

any of the panels. None of the panels showed any blousing and all attachment points for all

panels were intact. Debris loads were light, and the debris present washed cleanly off of all

panels as they rotated past the rear high pressure wash onto the back side of the screen. The

fine mesh panels did not appear to impede-the cleaning ability of the rear spray wash system.

The standard l/4x1/2 mesh panels were also cleaned by the spray system with no problems.

4 August 1993

There was no evidence of breaks, tears, blousing or punctures in any of the panels

five months after installation. The light debris present was washed off cleanly by the high

pressure spray. The flap seal appeared to be properly positioned and in good condition.

22 November 1993

By November of 1993 the panels had been installed for eight months. No breaks,

tears, or punctures were observed in any of the panels and all attachment points for all panels

were intact. Some blousing was observed in the second panel of the lxI mm synthetic mesh;

the mesh no longer appeared to be tightly stretched within the basket frame.

29 March 1994

The panels had been installed for 12 months by March of 1994. Attachment

points on all panels were intact and there were no breaks, tears or punctures. Small amounts

of debris were present and all debris washed cleanly off of all panels. Blousing was observed

in the second lxi mm synthetic mesh panel. In addition, slight blousing was observed in the

second panel of 2x2 mm stainless steel.

IJJ63.OOaqPZDOC (marinae r95.2) Ctox Ed
February 6, 1996 7



NORMANDEAU ASSOCIATES

10 June 1994

Fifteen months after installation, some blousing was observed on the second lxl

mm synthetic panel and the second 2x2 mm stainless steel panel. No blousing, tears, breaks or

punctures were observed on any other panel.

15 July 1994

Sixteen months after installation, all three lxl synthetic panels exhibited moderate

blousing. At the center of the panels there was approximately a 25 mm gap between the

synthetic mesh and the stainless steel support mesh. The center panel of the 2x2 mm stainless

steel mesh also showed slight blousing. All other fine mesh panels were intact with no

blousing, breaks, tears, or punctures. The l/4xl/2 inch mesh panels also appeared to be in

excellent condition (see photographs, Appendix B).

23 November 1994

No significant changes in the conditions of the fine mesh panels were observed

between July 1994 and November 1994. Twenty months after installation a 25 mm gap was

present between all the synthetic mesh panels and the stainless steel support mesh. The center

panel of the 2x2 mm stainless steel mesh also showed slight blousing. All other fine mesh

panels were intact with no blousing, breaks, tears, or punctures. The 1/4xl/2 inch mesh panels

also appeared to be in excellent condition.

21 Sentember 1995

A follow-up inspection be Con Edison at approximately 28 months of service

disclosed that all panels of each of the three sets of stainless steel mesh appeared to be in

excellent condition. All bindings appeared to be tight, and there was no signs of punctures,

tears, or breaks in any of the panels. Slight blousing was observed in one panel of 1 mm

1363ES.1t/lPDOC (marine r91-2) Coan Ed
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stainless steel mesh. Slight blousing observed in one panel of 2 mm stainless steel mesh at 12

months of service, noted above, did not appear to have increased. The polyester mesh

appeared to have continued to stretch, although it was still fully intact and had no observable

cuts, tears or breaks. The gap between the polyester mesh and its support mesh appeared to be

approximately 75 mm at the center of the panel.

3.0 DISCUSSION

The fine mesh panels on Screen No. 26 were inspected for durability, debris

retention, and cleanability on eight occasions over a 20 month evaluation period. During this

period, test panels experienced approximately 20,000 cycles (rotations) between the front and

the rear side of the machine at an approximate rate of one cycle every 42 minutes. During

each revolution, the mesh was subjected to intake water pressure first on one side and then on

the opposite, which caused flexing in one direction and then the opposite as the baskets rotated

around the sprockets. Installation of the fine mesh panels on a backing mesh appeared to limit

inward flexing on the front side of the baskets, but did not prevent outward flexing when the

baskets were on the backside of the machine.

At the end of the test period, all panels, as well as the adjacent conventional

panels, were found to essentially free of any form of damage such as breaks in wires due to

flexing, or tears or punctures such as those that might occur from contact with sharp-edged

objects (Photograph sets A through E). Although not discernible from examination of the

photographs, the polyester mesh in all three test panels lost its original tension in the screen

basket frame as a result of stretching after approximately 8 months of service (8,300 cycles).

This condition was considered undeniable. Excessive stretching could accelerate the deteriora-

tion of mesh. A slight amount of stretching of the 2x2mm stainless steel mesh occurred in

one of the three test panels after approximately 12 months of service (12,500 cycles). In

laboratory tests, the screen manufacturer, Envirex, Inc., exposed 2x2mm pretensioned stainless

steel mesh mounted in a 10 ft long by 2 ft wide screen basket to a periodic pressure equivalent

to a 1 ft water head differential and found no significant mechanical deterioration after

270,000 flex cycles (Envirex 1993).

1I36i.OOf/IPMDOC (mOin. ,9S-2) Cox Ed
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Debris loading during inspection periods was "light" to "normal", which, based on

records of debris accumulations at the station (Appendix A), was equivalent to approximately

0.02 to 0.05 gallons (1/4 to 1 cup) per screen basket rail per rotation through the intake water

column. Assessments of filamentous algae retention as a function of mesh size, as well as

cleanability by the high pressure wash system, could not be accomplished because the algae

was never observed in bloom-type quantities during the study period. The fact that accumula-

tions of any types of debris were not entwined in the mesh of test panels suggested that

cleanability had not been impaired by any of the three fine mesh sizes plus respective backing

(tensioning) meshes tested.
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INDIAN POINT GENERATING STATION DEBRIS DATA
TRAVELING WATER SCREENS 21-25

DEBRIS IN GALLONS, FIVE SCREENS
COMBINED

YEAR MONTH' NO. OF TOTAL/ MAX/DAY MIN/DAY AVG/DAY TYPEb
DAYS MONTH

89

89

89

89

89

89

89

89

89

90

90

90

90

90

90

90

90

90

JAN

FEB

MAR

JULY

AUG

SEPT

OCT

NOV

DEC

JAN

FEB

JUNE

JULY

AUG

SEPT

OCT

NOV

DEC

31

28

18

28

31

29

30

30

29

29

26

14

31

31

29

31

29

30

1,673

709

386

3,473

3,242

5,190

3,560

2,920.

763

656

1,495

840

1,338

2,745

2,865

2,110

3,325

1,695

120

50

70

320

260

520

355

280

100

60

175

200

185

225

325

220

600

255

15

4

5

30

10

60

30

25

5

2

5

5

3

25

5

10

5.

10

54

25

21

124

105

179

119

97

26

23

58

60

43

89

99

68

115

56

1,4

1,4

1,4

2

2

2

2

2, 4

I

*1

1,4

STKS

STKS

2, STKS

2

2

2,4

1,4

aMissing months

b I-algae

2-eel grass
3-Spartina

Unit was out of service, debris collections were not recorded.

4-leaf litter
5-Other

STKS-sticks
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INDIAN POINT GENERATING STATION DEBRIS DATA
TRAVELING WATER SCREEN 26

DEBRIS IN GALLONS, FIVE SCREENS
COMBINED

YEAR MONTH" NO. OF TOTAL/ MAX/DAY MIN/DAY AVG/DAY TYPEb
DAYS MONTH

89

89

89

89

89

89

89

89

89

90

90

90

90

90

90

90

90

90

JAN

FEB

MAR

JULY

AUG

SEPT

OCT

NOV

DEC

JAN

FEB

JUNE

JULY

AUG

SEPT

OCT

NOV

DEC

31

28

19

26

31

29

30

30

29

29

28

18

22

27

29

17

20

28

208

106

88

200

296

317

479

814

338

286

293

372

283

931

498

398

819

440

20

12

10

° 20

35

60

50

80

40

35

35

90

30

175

45

150

195

150

7

4

5

8

10

11

16

27

12

10

10

21

13

34

17

23

41

16

1,4

1,4

4

2

2

2

2

2,4

1

1

1,4

1,4

2

2

2

2,4

4

1,4

aMissing months

bl-algae

2-eel grass
3-Spartina

- Unit was out of service, debris collections were not recorded.

4-leaf litter
5-Other
STKS-sticks
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APPENDIX B

Photographs of fine mesh and conventional mesh panels
on Intake Screen No. 26 of Indian Point No. 2, May 1993 through November 1994.
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B. July, 1994

Photo Set A.

Photographs of 1/4xl/2 inch standard stainless steel mesh panets.



A. May, 1993

B. July, 1994
B. July, 1994

Photo Set B.

Photographs of 2x2 mm stainless steel mesh panels.
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A. May, 1993

B. July, 1994

Photo Set C.

Photographs of lxI mm stainless steel mesh panels.
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A. May, 1993

B. July, 1994

Photo Set D.

Photographs of 3x3 mm stainless steel mesh panels.



A. May, 1993

B. July, 1994

Photo Set E.

Photographs of 1x I mm Pecap polyester mesh panels.
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I Flows and Fish Behavior: Large Double-Entry
Screening Systems

R. IAN FLETCHER

Great Salt Bay Experimental Station
Damariscotta, Maine 04543, USA

Abstract.- Facilities that draw water in large quantities from natural sources are commonly
equipped with mechanically driven barrier screens for removing indrawn debris and captive fish.
Owing to the mistransport of debris into the works of the facility by the cyclic action ofconventional
screening apparatus, many plant-operators favor the refitting of intake systems with alternative
devices called dual-flow screens, whose manner of operation precludes the deposition of debris
downstream of the screen location. Fish-catching devices,'otherwise suited to the flows and me-
chanics of a conventional screen, are often attached without alteration to the screen panels of a
dual-flow machine in the hopes of rescuing entrapped fish. Dual-flow machines are thought to be
superior to conventional intake screening systems in saving impounded fish, but the full-scale
experiments reported here show why the flow patterns and water speeds associated with a (double-
entry) dual-flow screen are actually more adverse to live fish recovery than flows through a con-
ventional screen. Owing to flow separations at the entries of these devices and the resulting con-
centration of flow over a restricted portion of the screening, fluid speeds comparable to flows of
30 and 45 cm/s through conventional screens increased to 90 and 140 cm/s at free-flow regions
of the screenfront. In experiments with two species of juvenile fishes, survival without injury was
nil. Flow trajectories were mapped by streak photography, and details of fish behavior were re-
corded on videotape and 35-mm film. Equations for the flow distributions were resolved from
two-component vector measurements of water velocities. Also shown is an experimental apparatus
(a frontwall fairing) that eliminates the flow separations, resulting in a redistribution of the inflow
across the full width of the available screening.

Electricity generating stations and other facili-
ties that divert or withdraw large volumes of water
from natural sources in their operations are com-
monly equipped with mechanically active barrier
screening. The screens have the principal function
of halting and removing debris from the inflowing
water, but they also collect and kill entrapped fish,
often in large numbers. A conventional water in-
take system consists usually of several sumps, each
supplied from a free-surface forebay and each fit-
ted with a motor-driven machine that moves a set
of linked screen panels around sprockets in the
manner of an endless chain, as indicated by Figure
I. The inflowing water is drawn directly through
the ascending and descending halves of the trav-
eling screen assembly; indrawn matter not other-
wise extruded through the screen mesh is forced
onto the upward moving screen by the inflow, then
carried above the water surface for disposal.

Material captured and raised from the water by
the screen is forcibly removed by one or more
rows of directed. high-pressure water jets that blow
through the screening from locations above the
machinery deck and between the moving halves
of the screen. Very often, such indrawn matter as
plastic bags and filamentous macrophytes, in be-
ing stapled into the screenmesh, is not completely

removed by the spraywash. In consequence, the
unremoved debris is carried back to the water by
the descending side of the screen and released into
the sump by the force of the main water flow. In
some cases, the transport, or carry-over, of un-
wanted debris into the sumps of a water intake
system (and hence into the plant works by way of
the water pumps) is great enough to degrade the
operating efficiency of the facility or to require
increased maintenance.

Owing to the annoyances connected with the
mistransport of debris by conventional rotating
screens, many plant operators favor the refitting
of intake systems with alternative devices, called
dual-flow screens, whose manner of operation pre-
cludes the downstream deposition of debris. Al-
though consisting of linked panels and driven
around sprockets in a conventional fashion, a dual-
flow screen is placed at an attitude 90* to the ap-
proaching, flow, water passing through its moving
halves according to either of two configurations,
one called a double-entry, single-exit screen (as in
Figure 2b) and the other a single-entry, double-
exit screen. The double-entry arrangement is the
design more often employed, and it was the design
adopted for the experimental work reported here.

In contrast to.the straight-through flow geom-

866
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FIGURE I.-7Arrangement of a large water intake'system equipped with aconventional rotating screen. Typical

water speeds through the screen range from 30 to 60 cm/s, and a typical elevation speed is 5 cm/s. Pump capacities

(of either the wet well or dry well configuration) range from 260,000 to 530,000 L/min.

etry of a conventionalrotating screen (Figure 2a),
water drawn through a double-entry screen ar-
rangement must bifurcate around a plate or front-
wall (which closes off the upstream side of the
machine) and pass through the ascending and de-
scending halves of the screening by way of two
alley-like portals at the sidewalls of the forebay.
The flow then enters the sump area through a nar-

row penstock, at the rear of the machine, which
is no more than the open framework between the
moving halves of the screen. As shown by the
studies reported here, the peculiarities of the flow
approaching and passing into the'screen pose spe-
cial problems in the mechanics of live fish recov-
ery.

Although the problem of fish kills, by various

SUMP
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4

(a) (b)

FIGURE 2.-(a) Plan of typical intake channel equipped with a conventional rotating screen, as in Figure 1. (b)
Conversion of the intake channel to a double-entry, single-exit rotating screen.
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laboratory flume and the geometry of a typical dual-flow
screen conversion for a standard-width intake channel.

intake screening systems has received consider-
able attention'over the years from regulatory agen-
cies. fishermen, citizen's action groups, the power
industry, and screen manufacturers, little work has
been done in the past in the way of direct obser-
vations of the full-scale flow patterns and fish be-
havior associated with any screening system.
.Costly apparatus meant to rescue entrapped fish,
or to divert them in some way from encounters
with the screening, is manufactured and installed
with scant foreknowledge of its likelihood of suc-
ceeding or failing. Such intuitively derived schemes
and devices as sound generators, electric barriers,
dangling chains, bubble clouds, angled screens.
horizontally traveling screens, and fish-scooping
devices, although promising in concept, have not
proven to be very effective in reducing fish kills
at large water intake systems (see Fletcher 1985
for a list of representative references). The poor
performances of these fish-saving appliances can
often be traced to imperfect understandings of flu-
id flows and the related responses of fish to cur-

rents and obstacles. As shown in a recent study of
a device known as a Ristroph screen (Fletcher
1990a), casual suppositions about the nature of
complex fluid flows can be so misleading that one
is apt to anticipate an outcome wholly at odds
with reality. In the case of the Ristroph screen
experiments, once the actual interactions between
fish and flows were observed, alterations to the
device that conformed to reality followed and fish
kills were reduced.

For the dual-flow experiments reported here, a
full-scale entry portal and frontwall of a dual-flow
screen, typical of the double-entry configuration,
were installed in a large hydrodynamics flume.
Flow patterns and velocity fields were retrieved
from vector-resolving current measurements and
from two flow-marking schemes, one of particle
motion recorded on videotape and one of particle
streaking by time exposures on 35-mm film. Test
fish were also released upstream and their dispo-
sitions in the flow fields were recorded on video-
tape and 35-mm photographs. As in the Ristroph
screen study, this research was meant to discover
and clarify those peculiarities of flows and fish
behavior that instruct both the biologist and the
design engineer.

Experimental Apparatus

In the usual circumstance where conventional
rotating screens are replaced with dual-flow ma-
chines, the overall breadth of the device is limited
by the width of the access slot, or well opening,
in the machinery deck of the facility (see Figure
I), the standard dimension being 1.62 m (5 ft, 4
in). The long dimension of the well opening cor-
responds to the width of the intake channel. A
common dimension is 3.4 m (II ft, 2 in), but
intake channels range in width from 2.74 m to
3.96 m. Short of altering the civil works of a plant,
these dimensions effectively limit the arrange-
ments of dual-flow machines designed expressly
to replace conventional screens. The experimental
apparatus for the work reported here was config-
ured around the basic dual-flow geometry pre-
scribed by the manufacturers of such devices and
installed in the Royce hydrodynamics flume in
Houston, Texas.

The Royce flume is equipped with underwater
viewing ports, an overhead camera gantry, flow-
measuring instruments, fish-releasing cages, and
fish-holding tanks. The flume and its equipment
were more fully described by Fletcher (I 990a). Al-
though the 340-cm width of a typical intake chan-
nel is greater than the 213-cm width of the labo-
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FIGURE 4. - Plan and section of experimental apparatus, as arranged in the laboratory flume for the flow-marking
and fish behavior experiments. The location of the stagnation streamline was controlled by means of the frontwall
bypass and adjustable gate. For the flow-marking experiments, slot lighting through underwater viewing ports was
employed. All filming was done from an overhead gantry.

ratory flume, duplications of full-scale flow fields
were still possible by virtue of the mechanical and
fluid dynamical symmetries characteristic of the
dual-flow screen geometry. The relationship of
those symmetries to the configuring of the flume
for the experimental work is indicated by Figure
3. which shows the flume width superimposed on
the layout typical of a full-scale dual-flow screen.
That portion of the dual-flow apparatus falling
within the boundaries of the laboratory flume (the
frontwall of the screen and one entry portal) was
built and installed in the flume, and the location
of the stagnation streamline (the flow centerline
indicated on the figure) was controlled by means
of a bypass and gate located at the far end of the
screen frontwall.

The arrangement of the laboratory flume for
this work is more fully described by Figure 4. For
the fish behavior experiments, the bottom of the
flume in the vicinity of the modeled dual-flow

machine was lighted by rows of sealed fluorescent
tubes, covered over with a prismatic diffusing plate,
which allowed for overhead silhouette filming of
fish movements. As an aid to the overhead video
and photographic work, an L-shaped stilling box,
constructed of a clear plastic material and con-
taining a layer of water, was clamped in place at
the flume water surface, directly over the bottom
lighting. Because the purpose of the research did
not extend to the testing of any proposed or ex-
isting fish-rescuing attachments, none of the
mechanism for actually moving the entry screen
was needed for the work, so the screening itself
was merely fixed in place, as indicated on the fig-
ure.

Flume calibration. -All experiments were re-
peated at two mean upstream flow speeds, 30 and
45 cm/s-testing standards recommended by the
Electric Power Research Institute. The free-flow
distribution in the laboratory flume is controlled
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FIGURJE 6.--Velocity distribution across the labora-
tory flume, middepth at station 3, with the upstream
flow set at 45 cm/s before installation of the dual-flow
apparatus. Points denote instrument values. Velocity
profile in the 213-cm-wide flume simulates flow in a
340-cm-wide open channel.

flow typical of an open, elongated channel, which
takes on a characteristic nonuniform distribution
where the fluid speed at the core of the flow may
be four to five times the speed near the channel
boundaries (see Sellin 1970 or White 1986). Thus,
the 120-cm vertical distance from the flume bot-
tom to the underside of the stilling box (Figure 4)
represents a like-size section across the core (and
below the surface) of a deep channel.

For the flume calibrations, an electromagnetic
current meter was attached to a digital converter,
with input to a microprocesser, which gave three-
dimensional displays of the corresponding veloc-
ity vectors at the three flume stations indicated in
Figure 5. At each of those reference stations, ve-
locity measurements were taken on a vertical ref-
erence grid of 70 points distributed over the width
and depth of the flume. A representative cross-
channel distribution from those measurements is
shown by Figure 6. The velocity pattern for each
of the mean test speeds was calculated from a nor-
malized distribution and the metering gates of the
flume were set accordingly. Following the flume
calibrations, the dual-flow apparatus was installed
in the flume; the correct location of the offset,
flow-symmetry centerline was maintained .by
means of a gated bypass located in the front wall
of the dual-flow apparatus. The centerline of the
unobstructed flow became the stagnation stream-
line of the flow into the dual-flow apparatus. The
complete velocity measurements from the flume
calibrations are given in the laboratory report
(Fletcher 1 990b).

Exceptions to the experimental conditions.- In
circumstances where the intake channels of a fa-
cility open onto a flowing water source (as in a

I 1 I [ I

Metering gates

FIGURE 5. -Channel portion of the laboratory flume
showing locations of reference stations for calibrating
the free-flow geometry. Water velocities were measured
at each station on a vertical reference grid of 70 points
(7 rows, 10 columns). The 98 metering gates were ad-
justed until the desired flow pattern was achieved.

by 98 metering gates, located in the bulkhead of
the inlet chamber, which were set in a pattern,
prior to installation of the dual-flow apparatus,
that put the (offset) core of the unobstructed flow
along a line corresponding to the symmetry cen-
terline of a 340-cm-wide intake channel. The se-
lected flow geometry was meant to simulate the
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CROSS-STREAM
FLOW SPEED 108 ¢m/I

SCRLLNI

MEAN SPEED THROUGH
PENSTOCK 94 cm/$

FIGURE 7.--Calculated transport trajectories at Arthur
Kill Generating Unit 2 (Staten Island, New York), show-
ing the influence of a tidally driven and wind-enhanced
crosscurrent on the flow into a typical intake channel of
the plant. Channel width is 3.4 m and water depth in
the sump varies from 3.6 m to 6.4 m with the tide. (From
Fletcher 1988.)

river), the realized flow distributions may differ
somewhat from the flow patterns employed in the
experiments here, owing to the influence of the
crosscurrent at the channel entries. In the case of
a conventional screening arrangement (as por-
trayed in Figures I and 2a), an asymmetric forcing
of the intake flow is not especially deleterious to
the operation of the intake system, but in the case
of a double-entry system, the flow speeds through
one portal may be elevated significantly above de-
sign limits (and, consequently, to speeds even
greater than those recorded in the flume experi-

SIACNATION STRIAM1INL

FIGURE 8. -Pathline streaks in the vicinity of the ex-
perimental apparatus, at the 30-cm/s mean flow setting,
as delineated by reflective flow markers (which were il-
luminated by slot lighting through underwater viewing
ports). At the comer of the entry portal, the main flow
separates from the frontwall and passes through the
screenmesh a distance downstream from the comer, thus
creating a gyre of reverse flow through the upstream
portion of the screening.

ments here). Figure 7 shows the transport trajec-
tories of just such a case. The unbalanced flow
through the penstock created an adverse pump
condition called pre-swirl, which was partly cor-
rected by the attachment of vertical guide vanes
at the*penstock exit. Downstream flow correc-
tions, however, do not readily ease the upstream
hydraulic heads or the asymmetric burdens of mo-
mentum on the screen structure occasioned by such
severely skewed and accelerated approaching flows.
In the winter of 1992-1993, for example, a dou-
ble-entry-test screen at the Roseton generating sta-
tion on the Hudson River was collapsed by a storm
surge, while the conventional rotating screens in
the proximate intake channels of the plant suffered
no apparent harm.

Flow Trajectories and Velocity Fields

Pathlines of the flows in the vicinity of the mod-
elled dual-flow screen were recorded on videotape
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and 35-mm photographs. The cameras were
equipped with telephoto lenses and located 6 m
above the flume (an arrangement for reducing vi-
sual parallax). Pathline trajectories for the streak
photography were delineated by small, neutrally
buoyant plastic particles released 5 m upstream
of the dual-flow apparatus. For each such release,
six successive exposures were made at 1.2-s in-
tervals with shutter speeds of 0.6 to 0.9 s. Streak
lines typical of that technique are shown in Figure
8. Because the flows were steady and the mass of
a plastic particle was very small, the pathline
streaks can also be viewed as velocity streamlines.
As indicated by Figure 8. the flow along the front-
wall of a dual-flow screen must turn 180* to enter
the screening. Owing to the high momentum of
the fluid in that turning region, a large standing
flow separation occurred at the upstream corner
of the screen entry. In consequence of the dis-
placement of flow past the separation, the main
efflux of water through the screen was concen-
irated over the downstream portion of the screen-
ing at both of the employed test speeds.

Flow separations like that of Figure 8 are not
usually perceived at the surface of a channel flow
when the intake pump is located deep in the water
column. Unlike a purely gravity-driven flow, where
the high-speed core commonly occurs at or near

FIGURE 9.--Plot of velocity vectors at middepth, at
the 45-cm/s mean flow setting, as measured with a com-
ponent resolving current meter. The points of measure-
ment lie at the arrow midpoints. The length of a vector
arrow corresponds to water speed (to velocity magni-
tude); the orientation of the arrow corresponds to the
instantaneous direction of flow at the reference point.
See Table I for component values.

TABLE I.-Middepth velocity measurements (cm/s) corresponding to the vector field shown in Figure 9. The
symbol I v I signifies flow speed (velocity magnitude); symbols v, and Vy denote the measured cartesian components
of fluid velocity v according to the orientation indicated on Figure 9.

Velocity Instrument location (column)
compo-

nent 0 I 2 3 4 5 6 7 8 9 10,

Station 3
-57 -62 -64 -52 -27 -14 -II -9 -21 -55

VY -4 -20 -39 -57 -53 -37 -11 -I Is II
I 57 65 75 77 59 39 15 9 28 56

Station 4

-80 -83 -88 -97 -109 -120 -126
-2 -7 -17 -23 -34 -57 -80

lv[ 80 83 89 t00 114 133 149

Station $
vx -50 -57 -66 -74 -80 -86 -92
Vy 9 18 32 41 57 74 92
lvi 51 60 73 85 98 113 130

Station 6
34 14 -5 -14 -5 -5 -23

v, -]I -20 -20 - II 18 34 66
Ivl 36 24 21 18 19 34 70

Station 7
-6 -30 -55 -80 -103 -125 -135 -76 -75 -149 -107

V 32 66 80 91 94 83 57 15 -II -70 -87
IVI 33 72 97 121 138 150 146 .77 76 165 138
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the free surface, the main, high-speed region of a
pumped channel flow is drawn to greater depths,
and a retarded or even reversed flow at the surface
is not an unusual feature. Again, the laboratory
flows were meant to be representative of the main
flow regimes of such distributions. The flow sep-
arations (the breaking away of flow pathlines from
solid boundaries) that attend the higher-speed
regions beneath the surface of deep channels are
no less real than the separation evident in the pho-
tograph of Figure 8.

For quantifying the flow pattern around the dual-
flow apparatus, velocity measurements were taken
at the reference stations indicated in Figure 9. The
measurements at each station were made on a lo-
cation grid of 7 rows and n columns (n = 10 for
station 3, n = 7 for stations 4, 5. and 6, and n =

I I for station 7). The vector diagrams of Figure 9
portray the instrument readings from middepth
(row 4) when the 45-cm/s flow setting was used;
the corresponding component values are given in
Table I. The complete velocity data for the 30-
and 45-cm/s settings are contained in'the labo-
ratory report (Fletcher 1990b).

The length and direction of a vector arrow in
Figure 9 indicates the magnitude of water velocity
and the instantaneous direction of flow at the ar-
row midpoint (the point of measurement). That
is, any vector arrow of Figure 9 lies tangent to the
(curving) velocity steamline that passes through
the corresponding point of measurement. Owing
to the extreme crowding of the main flow stream-
lines in passing through the narrow entry portal
and around the corner separation, the' water ve-
locities at the screen (and the corresponding mo-
menta of flow) were greatly elevated. Velocity
magnitudes at the screen were on the order of 140
cm/s at the 45-cm/s setting and 90 cm/s at the 30-
cm/s setting. The asymmetric nature of the flow
through the entry portal and screening is more
clearly defined by Figures 10-12. The separation
of the main flow from the corner of the entry por-
tal effectively blocked off 50% of the screen area
to the main flow at the 45-cm/s setting and 38%
at the 30-cm/s setting. In each case, the clockwise
circulation of the corner separation created back-
flow in the upstream portion of the screening.

As shown variously by Figures 9-12. the ge-
ometry of the flow associated with a conventional
cross-channel screen (Figure 6) is drastically al-
tered by the substitution of a dual-flow screen. The
high-speed core of the unobstructed flow through
a conventional screen becomes the upstream re-
gion of lowest fluid speed, and the main transport

Normal component -v.fi (cm/s)
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FiGURE 10.-Top panel: distribution graph at station
4 of normal component -v -A at the 45-cm/s mean flow
setting. Points are instrument values; see vx values in
Table 1. Area under the graph is volumetric transport
Q* through station 4. Equal areas bounded by dashed
lines correspond to the eight numbered transport trajec-
tories of Figure 12. Bottom panel: distribution graph of
corresponding velocity magnitudes at station 4; see Iv I
values in Table I.

of water is deflected away from the center of the
channel to the narrow entry portals at the channel
sidewalls. At the entry portal, fluid speed is great-
est at the comer of the frontwall, corresponding
to the velocity maximum along the boundary of
the flow separation and into the center of the
screening.

The distribution graphs of fluid transport and
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FlGuRE I I.-Top panel: distribution graph of normal component -v.fi at the 45-cm/s mean flow setting, station
7 (8 cm upstream of screen). Points are instrument values; see vy values in Table I. Area under the graph is
volumetric transport Q* through station 7. Equal areas bounded by dashed lines correspond to the eight numbered
transport trajectories of Figure 12. Region to the right of the separation is transport of secondary flow. Bottom
panel: distribution graph of corresponding velocity magnitudes; see IvI values in Table I.

velocity magnitudes at station 4 (across the entry
portal) and station 7 (just upstream of the screen-
mesh) are shown in Figures 10 and I1. The data
points on the graphs of velocity magnitude Iv 1,
as well as the lengths of the vector arrows in Fig-
ure 9, are given by the relationship I v (v2 +

v2)t, 2, while the graph points of scalar quantity
-v.f6 correspond to the normal components of
flux across the reference station. That is, the area
under the graph of - v- fi is Q*, volumetric flux of
water per centimeter of depth through the refer-

ence station. The cartesian axes indicated on Fig-

ure 9 (x positive towards the inlet end of the flume
and y positive from left to right when one faces
downstream) were chosen for their conveniences
in representing these transport and velocity dis-
tributions. In most general terms, the volumetric
rate of flow Q through an arbitrary region R of an
area A is

Q = - v.6 dA,
R

ft being an (outward) unit normal over region R.
In the present case, velocity v = vx i + vYj, where
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vx = vx(Y) and v, = vyx) at the reference stations,
both vx and vy being time independent because the
flow is steady. At station 4, the unit normal A over
the (vertical) surface R represented by the grid of
instrument points is simply the unit basis vector
i. Consequently, the normal components of flow
across station 4 are -v-fi = -vx, and the volu-
metric flux of water (per centimeter of depth)
through the entry portal becomes

76 cm
Q* = _f vX dy.Y-0

which must also be equivalent to the upstream
transport. For the 30-cm/s flow setting, Q* would
be 5,100 cm 2/s (or 30 cm/s x 170 cm, the breadth
of the upstream flow). For the 45-cm/s setting, Q*
is 7,650 cm 2/s. which is the area under the dis-
tribution curve of -vAfi in Figure 10. At station
7. just ahead of the screen, Ai = j, hence

Q J-0 vy dx.-o

where limit S signifies the location of the sepa-
ration boundary where it crosses station 7. That
is, Q* in this case sums to the total 30- or 45-cm/s
transport rate at the separation boundary. The ex-
cess transport to the right of the separation (as in
Figure II) is a consequence of the backflow of
water through the upstream half of the screen.

In Figures 10 and I Ithe eight equal-valued ar-
eas under the distribution graphs of -vAfi corre-
spond to the numbered flux lines of Figure 12,
whose locations were resolved by partitioning the
Q* integrals at reference stations 3, 4, 5, and 7.
The distribution graphs of vi, vy, and I v I were
resolved from the autonomous differential equa-
tion

z' + az2 + bz + c=0, (1)

which permits of nondimensionalizing and its ad-
aptation to volumetric rates of flow and apparatus
dimensions that differ from those treated here. In
equation (1) the rate of change in. quantity z (in
v, vy, or Iv I) is strictly a function of the magni-
tude of z, independent of the independent variable
(dimension x or y). The independent variable is
specified in the solution and the boundary con-
ditions.

At station 4, the fitted solution of equation (1)
for the distribution of fluid speed across the entry
portal at the 45-cm/s mean flow setting became

78 + 2.9e 0 -0 77y
IlV = I + 0.0169e0 0 77 y (2)

8 1 6 S 4 3 7 I

FIGURE 12.--Plot of equal-valued transport trajecto-
ries at the 45-cm/s mean flow setting. Each trajectory
represents a volume transport of -956 cm 2/s per cen-
timeter of depth. The comer separation extended to 50%
of the screenmesh width at the 45-cm/s setting and to
38% at the 30-cm/s setting.

(y in cm, I vI in cm/s), which is the curve in the
lower graph of Figure 10. Close to the left sidewall
boundary, the flow speed I v I was 79 cm/s; it rose
to twice that value, or 158 cm/s, at the comer of
the entry portal. The distribution across the entry
portal of the normal component of flow (which is
-v, here) became

-vA=78 + 1.9165e0 0 O96 7 y
I + 0.0147e 0 .O6 7 y (3)

which is the curve in the upper graph of Figure
10. The boundaries of the eight transport areas
under the graph of - v-A were located by numer-
ically integrating equation (3) in eight partition
steps, each of 956 cm 2/s in value.

At station 7 the separation imposes a nonlin-
earity on the flow geometry more severe than that
of governing equation (1). Therefore, for that cir-
cumstance I employed the linear terms of equa-
tion (1) and matched its (outer) solution to per-
turbation terms. The result for the distribution of
the vi data points at the 45-cm/s setting became

vyI = 244(I - 0.9139e-0 .0 109 x)
- 183e(x-120)0.10764 (4)

(x in cm, I vI in cm/s), which is the curve in the
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lower graph of Figure 11!. In turn, the distribution
across station 7 of the normal component of flow
(v1 , here) became

-v-fi = 134(I - 0.9105e 0.025x)

- 131e(x 118)0.03817 (5)
which is the curve in the upper graph of Figure
I1. The eight equal-valued transport partitions
under the distribution curve were resolved in the
same manner as those of Figure 10, but here the
right boundary was determined by setting the Q*
integral of equation (5) to 7,650 cm 2/s, the known
volumetric transport of the main flow, and nu-
merically resolving the upper limit S. The location
of S at 92 cm from the backwall of the dual-flow
screen coincided with the location of maximum
I v I at the separation boundary (as it should have).
Solution methods for equations (2)-(5) are given
as an appendix.

The flux lines of Figure 12 portray the complex
nature of the flow through the dual-flow screen.
The corner separation blocks off the forward por-
tion of the screening to the main flow, which pass-
cs through the rear portion of the screening at an
angle so sharp that over a distance of 8 cm (the
distance between station 7 and the screenmesh)
the separation boundary is displaced from the 92-
cm location at station 7 (Figure !1) to about 75
cm at the screenmesh. which is an angle of attack
of approximately 600 (the angle away from a per-
pendicular to the plane of the screenmesh). At
lower inflow speeds (at lower pumping rates), the
separation recedes but the angle ofattack increases
(the flow at the, separation becomes more nearly
parallel to the screenmesh).

As indicated on Figure 12 and the upper graph
of Figure 11, the recirculation ofwater through
station 7 (and the screenmesh) was a consequence
of a trapped eddy that was shear-driven by the
passage of the main flow around the corner sep-
aration. In the recirculation zone. the flow through
the screen (and station 7) reverses direction. Note
the sign change in the normal component vy be-
tween columns 7 and 8 of Table I for station 7,
which in turn corresponds to the zero value of the
-v.f graph in Figure !1. The velocity magnitude
I v at that point does not fall to zero, however,
because the flow is parallel to the screen (and to
station 7: note the values of tangential component
yr in Table 1). In the region of backflow, fluid
velocities are high. although reversed in direction,
as indicated by the elevated values of I v I in col-
umns 8, 9, and l0 of station 7 on Table I. These
flow complications influenced the dispositions of

fish drawn to the screen. The flow reversal and
asymmetric distribution of fluid momentum also
imposes a cross-stream moment on the screen
structure.

Fish Behavior Experiments

The fish used in the behavior experiments were
246 juvenile striped bass Moronesaxatilis of Hud-
son River origin, 5.9 cm in mean length, and 240
each of golden shiners Noternigonus cr.soleucas
5.6 cm and 7.2 cm in mean lengths. The striped
bass were shipped by air to Houston and the shin-
ers were obtained from a local fish farm. We em-
ployed the golden shiners as representatives of
tender species having moderate endurance and
swimming strength, in contrast to the striped bass,
which are strong swimmers, hardy, and not so
readily damaged.

The fish were held apart by size and species in
large fish tanks until used in the experiments. Tank
water was aerated, filtered, and monitored for
temperature, pH, ammonia concentration, and.
conductivity. The flume water was continuously
filtered and circulated; temperature, pH, and con-
ductivity were measured between experiments. For
each behavior experiment, the fish of a sample
were released 5 m upstream of the dual-flow ap-
paratus by species, size, and water speed.

At each of the 30- and 45-cm/s mean flow set-
tings, the striped bass were released in five sample
batches' of 20 and one batch of 15; 8 other fish
were released one at a time (a total of 28 trials
with 246 fish). Golden shiners of each size were
released at each of the flow settings in four batches
of 25 and one batch of 10; 10 other fish were
released one at a time (a total of 60'trials-with 480
fish). For the silhouette photography, a video cam-
era and a 35-mm camera were located 6 m above
the stilling box (see Figure 4). During an experi-
ment the video camera ran continuously. The
mounted 35-mm camera, which was equipped with
a motor-driven shutter and film advance, was op-
erated at will, at the rate of three frames per sec-
ond, by the observer on the camera gantry. For
all of the fish behavior photographs reproduced
here, the shutter speed of the 35-mm camera was
set at I / 1000 s and the video camera was equipped
with a 1/100 s digital clock, which was imaged on
the video frames. All of the behavior experiments
were carried out after dark, the only light in the
flume building being the flume bottom lighting in
the vicinity of the dual-flow apparatus, an ar-
rangement that allayed our worries over the un-
known influences on the fish of surface reflections
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and other visual disturbances during daylight
hours.

The discussion here of the findings from the
behavior experiments is aided by the several pho-
tographs of fish locations reproduced in this sec-
tion, but they should be viewed in their relation-
ships to the flow patterns and velocity vectors
depicted in Figures 8, 9, and 12. A velocity vector
in Figure 9 indicates the (instantaneous) direction
of flow at its midpoint: the comparative lengths
of the vector arrows give an indication of the dif-
ferences in fluid speeds from location to location
across a station, or from station to station in the
flow. The streak lines of Figure 8 indicate the paths
taken by the flowing water, and the flux lines of
Figure 12 correspond to the transport of water
along those paths of motion. The flow accelerates
along any flux line; the closer together flux lines
are, the greater the speed of flow. Along flux line
1 in Figure 12, for example, the fluid speed is
about 30 cm/s where it crosses station 3 (compare
with Figure 9 and Table i). Over the short dis-
tance between that point and station 4 at the entry
portal, however, the fluid speed along flux line I
increases fivefold to 150 cm/s. a speed maintained
through station 7 and into the screening. The dis-
positions of fish in the vicinity of the dual-flow
apparatus were governed by these fluid accelera-
tions and patterns of flow.

A typical episode of fish being drawn into the
vicinity of the dual-flow apparatus and through
the entry portal is shown by the three (successive)
photographs of Figure 13. The fish are large golden
shiners of a batch of 25 released upstream at the
30-cm/s setting. The elapsed time was 2.25 s be-
tween frames (a) and (b). and 1.87 s between (b)
and (c). Individuals were identified and their paths
of motion were tracked by matching the 35-mm
photographs with the videotape (viewed frame by
frame, with time increments read from the imaged
camera clock).

In frame (a) of Figure 13, the fish are being
transported into view by the flow at about 50 cm/
s. The net downstream movement of fish, despite
their apparent orientations in the photograph, fol-
lowed generally along the lines of flow indicated
in Figure 12. All of the fish appearing in frame (a)
were drawn rapidly into the vicinity of the dual-
flow apparatus, as indicated in frame (b), with the
exception of the individual in the lower center of
frame (b), which arrived slightly later. Few fish (of
either tested species) were observed to orient
themselves directly into the flow until they were
close upon the frontwall of the apparatus or the

FIGURE 13.-Successive positions of large golden
shiners drawn to the dual-flow apparatus at the 30-cm/s
mean flow setting. The time interval was 2.25 s between
frames (a) and (b). and 1.87 s between frames (b) and
(c).

corner of the entry portal. Despite furious swim-
ming efforts, few of the individuals transported to
the high-speed corner region of the entry portal
were able to keep station beyond a few seconds,
but most significantly, these were usually the only
fish arriving at the entry portal that did make at-
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just upstream of the frontwall corner, were late
arrivals (if 1.87 s can be called late). They were
transported, swiftly and passively, through the en-
try portal at the speed of the flow, but one of the
three reappeared and swam close along the side-
wall of the flume a distance of half a meter or so
upstream of the entry portal, where it remained
for some time. That behavior was repeated by
individual fish when released to the far left of the
flume center.

At 10 s after the first appearance of the fish in
frame (a), the only members of the released sam-
ple remaining in camera view were the one fish at
the flume sidewall and the two rightmost fish of
frame (c)-joined by one late arrival-in the re-
gion of the stagnation streamline. Two fish of the
25 released were not observed on camera, but at
the conclusion of the experiment we found them
upstream, swimming along the sidewall of the
flume, an occurrence less typical of the shiners
than of the striped bass.

The two rightmost fish in frame (c) of Figure 13
were swimming in the (symmetric) velocity gra-
dients on either side of the stagnation streamline
and more or less holding station in the flow, a
distance removed from any solid boundaries. That
behavior was observed several times in experi-
ments with both the shiners and the striped bass.
Some fish of a released sample, if they arrived at
the dual-flow apparatus in the slower current to
the right of the entry portal, turned about and
converged on the stagnation streamline. Schooling
behavior was also strongest in that region, in con-
trast to the small evidence of schooling tendencies
in regions of swifter flows. The tendency to school
in the vicinity of the stagnation streamline is in-
dicated in the photographs of Figure 14. In that
experiment, a sample of 25 small golden shiners
was released more to the right of the flume center
than usual; 13 of the 25 were ultimately carried
through the entry portal and impinged (flattened
against the screening), but five fish were trans-
ported to the apparatus on the right side of the
stagnation streamline (the five fish to the right in
frame a of Figure 14), and seven of those arriving
to the left of the stagnation streamline reversed
direction in the vicinity of the flume frontwall and
joined the other five, as indicated by frame (b).
This behavior is especially worthy of note, be-
cause it demonstrates the tendencies of fish to re-
spond to the velocity gradients. as opposed to re-
sponding directly to the stationary obstacles or
solid surfaces that actually induce the gradients
into the flow.

FIGURE 14.-Successive positions of small golden
shiners converging on the stagnation streamline at the
30-cm/s mean flow setting. The time interval between
rwames (a) and (b) was 3.7 s.

tempts at maintaining station. As a rule, fishes
drawn to the entry portal some distance from the
frontwall corner were swept. passively down-
stream to a sudden encounter with the screening.

Seven of the fish in the region of the frontwall
corner in frame (b), plus two individuals already
out of camera view, were carried downstream to
the screen, in random orientations, at about 85
cm/s, the speed of the flow itself. Their paths of
motion coincided with the flux lines shown in Fig-
ure 12, indicating little voluntary motion on the
part of any individual. Three of the fish close upon
the frontwall corner exhibited vigorous tail beats
and were able, momentarily, to stem the flow
(which was about 95 cm/s at that location), but
they were suddenly swept from view, also at the
approximate speed of the flow. Four of the fish in
frame (c) held out somewhat longer, but only one
individual in the high-speed corner region made
any significant progess away from the apparatus.
The three fish in the middle ground of frame (c).
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Although juvenile striped bass exhibited similar
behavior in the region of the stagnation stream-
line. they were also more active as individuals
than golden shiners of either size. In the swifter
regions of flow, the striped bass were generally
transported to the screening somewhat less di-
rectly along the flux paths of the water transport
than the shiners, individuals made darting mo-
tions, seemingly at random and independent of
one another. More striped bass of a given release
found the upstream sidewalls of the flume (or, more
explicitly, the slow-speed boundary layer at the
flume wall) than did golden shiners of a similar
release. And being much the stronger swimmers,
the striped bass were able to stem the flow at the
entry portal for longer periods, particularly at the
30-cm/s mean flow setting. At the 45-cm/s setting,
however, few of the striped bass (and none of the
shiners) were able to keep station at the corner of
the entry portal, the fluid speed in that region be-
ing about 150 cm/s.

The liveliness (or excitability) of the striped bass
juveniles is captured in the two (successive) pho-
tographs of Figure 15. In frame (a), 13 individuals
of an upstream release of 20 had just arrived in
the vicinity of the dual-flow apparatus at the 45-
cm/s mean flow setting. Fluid speeds in the vicin-
ity of the dual-flow apparatus were considerably
greater in this experiment than the fluid speeds at
the 30-cm/s setting of Figures 13 and 14, so events
transpired more rapidly. Note the absence of
schooling and the random orientations of individ-
ual fish in both frames of Figure 15. The time
interval between the two frames was only 1.12 s,
but owing to the independent darting motions of
individuals, the relative positions of fish changed
rapidly, although their net paths of motion to-
wards the entry portal were still a consequence of
the pattern and speed of the flow directly upstream
of the dual-flow frontwall. In frame (b), at least
five fish had responded to the fluid acceleration at
the entry corner by aligning themselves headmost
into the flow. Despite the furious swimming ef-
forts of these individuals, all except two were car-
ried backwards (still swimming furiously) during
a 1.87-s interval after frame (b) and flattened
against the screening.

Without exception, fish transported through the
entry portal and impinged on the screenmesh
struck the screening well aft of the corner sepa-
ration-as did the flow markers when released up-
stream at 'any location between the stagnation
streamline and the left sidewall of the flume. At
site installations of dual-flow screens, similar im-

FIcaURE 15.-Successive positions of juvenile striped
bass drawn to the dual-flow apparatus at the 45-cm/s
mean flow setting. The time interval between frames (a)
and (b) was 1.12 s. At 1.87 s after frame (b), all fish but
two had been carried out of camera view to the screen.
The lone fish in the lower right comer of each photo-
graph is a large golden shiner left over from a previous
experiment and holding station along the stagnation
streamline.

pingements of fish on the downstream portion of
the screening have 'also been observed but not un-
derstood (E. Radle, New York State Department
of Environmental Conservation, personal com-
munication).

At each of the experimental flow settings, all
impinged fish suffered death or injury, although
the duration ofan experiment, from release of the
sample to shutdown of the flow, never exceeded
3 min. Owing to the streamline crowding of the
main flow in passing through the entry portal and
around the corner separation, fluid speeds at the
screenmesh were greatly elevated over the 30- and
45-cm/s mean upstream velocities. At the 30-cm/s
setting, the speed I v I of the flow distributed across
station 7 ranged from 50 to 100 cm/s; at the 45-
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to impinged fish increases sharply in the range of
fluid speeds between 50 and 80 cm/s.

Influence of Structural Components

Owing to the presence of the crossrails and screen
troughs of a working dual-flow screen, the realized
water speeds through the screenmesh would be
somewhat greater for a given flow setting than the
speeds recorded here. As opposed to the unob-
structed screenmesh of the experimental appara-
tus, a traveling dual-flow screen of the kind most
often employed in water intake systems is com-
posed of linked, rectangular screen panels whose
horizontal framing members offer significant
impedence to the approaching flow. The influence
of the crossrails of one such panel configuration
is shown in Figure 16. The illustrated flow pattern
was traced from the photographs of dyed pathlines
taken during full-scale experiments on a variety
of screen panels. The increase in sensible speeds
at the screenmesh is determined by the (vertical)
breadths of the panel rails and by the influences
on the main flow of such secondary blocking flows
as the trough vortices shown in the figure. Di-
mension h4 of Figure 16 determines the true pro-
jected frontal area of the illustrated panel railings,
and the ratio of dimensions h3 and h, determines
the actual streamline compression of the flow
passing through the screen panel.

The rail profiles and corresponding details of
flow through a screen panel differ somewhat from
one manufacturer's design to another, but the ra-
tio of the sensible free-flow area at the screenfront
(dimension h 2 of Figure 16) to the overall panel
dimension h, is typically 80% or less at a standard
panel spacing of 61 cm (24 in). Therefore, since
continuity, for a given volumetric flux Q. requires
that hIV, = h2 V2 (VI being the mean speed of
flow at the unobstructed screen and V2 the mean
speed of flow at the panel screening), then the 90-
cm/s unobstructed screen speeds of the 30-cm/s
flow settings would increase to about 110 cm/s if
standard height screen panels were employed, and
the 140-cm/s speeds through the unobstructed
screen would increase to about 170 cm/s, in the
case of the 45-cm/s mean flow setting.

The concave rails of the screen panels shown in
Figure 16 are meant to capture and rescue im-
pounded fish as the screen structure ascends
through the water column. They represent one
manufacturer's version of the so-called Ristroph
troughs often found on conventional cross-chan-
nel screens. In a series of flow studies on Ristroph
screen panels (Fletcher 1990a), the longitudinal

FIGURE 16.-Vertical section through a typical panel
of a traveling screen, showing pathlines of water flow.
Dimension hl is panel-to-panel distance; dimension h2
is the region of sensible free flow through the screen-
mesh; dimension 114 is the projected frontal height of the
screen rails; ratio h3/ht governs the streamline com-
pression.

cm/s setting, I v I ranged from 80 to 150 cm/s. The
pressure forces of these high-speed flows against
impinged fish were great enough to impose mortal
injuries to shiners and striped bass alike. In view
of the findings from previous laboratory and field
experiments on other screening systems, these
wholesale injuries were unexpected. As reported
in another work (Fletcher 1990a), injuries to im-
pinged fish were not extensive at fluid speeds to
50 cm/s through a conventional cross-flume screen
equipped with a smooth-woven screenmesh, and
injuries were only slightly greater when the screen
was fitted with the same standard crimped mesh
employed here. Apparently, the risk of mortality
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trough vortices depicted in Figure 16 were found
to be typical of all manufacturer's trough designs
known at the time of the work. Fish caught in
these shear-driven vortices were swirled about and
severely battered. At moderate flow speeds, the
associated injuries and mortalities were greater
than the damages imparted to fish by simple im-
pingements against the screen mesh.

When a Ristroph apparatus is employed in the
manner of a conventional cross-channel screen (as
in Figures 1 and 2a), captured fish are raised from
the water on the upstream side of the (upward)
moving screen, then dumped into a sluice for their
return to the source waters as each panel overturns
on its rotation over the uppermost sprocket of the
machine. These trough-equipped screens are also
employed, without significant modification, as
dual-flow screens and offered by their makers as
putative fish-conserving devices. Aside from the
adverse flow conditions characteristic of the Ris-
troph troughs, such adaptations are ill-suited to
the workings of a dual-flow screen. Owing to the
double-entry configuration, water and fish are
drawn to both the ascending and descending halves
of the'moving screen. The fish troughs on the de-
scending side are inverted and travel downwards,
which negates their intended fish-catching func-
tion. Although the problem of the trough vortex
has been ameliorated by at least one new design
(Fletcher 1990a, 1992), no known Ristroph device
is really suited to the peculiar functionings of a
dual-flow screen.

Flow Correction

As shown by the flume experiments reported
here, the elevated flow speeds and increased fish
kills associated with dual-flow screen conversions
are owed in part to the concentration of the inflow
over restricted portions of the available screen
width. Because the flow approaching the machine
must turn nearly 1800 around the frontwall to en-
ter the screenmesh, the flow separates from the
frontwall corner in the manner illustrated by the
various diagrams of this report. By reducing the
turning angle (by whatever means), the separation
is reduced and the area of the screenmesh receiv-
ing the inflow is increased. To that end, I exper-
imented with fairing shapes for the frontwall that
reduced the turning angle by 900. The most suc-
cessful shape has the elliptical curvature shown in
Figure 17. whose formulation is

I I I I t I t
FiouRE 17.-Design of an elliptical frontwalI fairing

for a dual-flow machine.

where 2a is the frontwall width (quantity a being
the semi-minor axis of the elliptical curve). Quan-
tity E is the elliptical eccentricity and it governs
projection b (the semi-major axis) in the relation

a

Within certain limits, the greater the projection
dimension b. the smoother the flow deflection. For
mean upstream flow speeds to 50 cm/s, I found
the minimum effective relation of projection b to
dimension a to be about a/b = 0.56 (an eccen-
tricity e of 0.83). Shapes with smaller values of t
failed to eliminate the flow separation at the high-
er test speeds.

Figure 18 shows the realized pattern of flow into
the entry portal of the laboratory apparatus when
a fairing of eccentricity 0.83 was attached to the
frontwall. Experimental fairings of the same shape
and constructed of reinforced fiberglass have re-
cently been installed on two of the dual-flow ma-
chines at the Arthur Kill steam generating plant
on Staten Island. To what extent the corrected
flows may lessen the fish mortalities otherwise as-
sociated with those machines will be determined
by a 2-year testing program.X2 + (I - e2 )y 2 = a 2 ,
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FIGURE 18.-Pathlines of flow into the entry portal of
the laboratory apparatus when a fairing of eccentricity
0.83 was fitted to the frontwall. photographed through
the stilling box at the water surface. Mean upstream flow
speed was 45 cm/s.

Concluding Remarks

If the flows through each portal of a double-
entry screen were perfectly distributed over the
whole extent of the available screenmesh. fluid
speeds would be dramatically lower than those
observed. That perception of (ideal) flow distri-
bution is apparently the motivation for mistaken
beliefs about the potential fish-conserving merits
of dual-flow screens, as typified by the following
statement from a publication ofthe Electric Power
Research Institute (EPRI; Lawler, Matusky &
Skelly 1989):

The principles that make the dual-flow screen advan-
tageous for debris handling may also make it a good
system for decreasing fish impingement impacts by
increasing survival. The greater screen filtration area
allows lower through-screen velocities, which lowers
stress on impinged organisms: the faster operating
speeds decrease impingement exposure time, es-
pecially for organisms impinged on the ascending side.

At least for the arrangement and size of the device
examined here, the dual-flow geometry is proba-

bly the worst of all screen configurations for re-
trieving entrapped fish by mechanical means and
returning them undamaged to the source *waters.
While some rectification of the streamline crowd-
ing (and corresponding high fluid speeds) at the
screenface is achievable by means of flow guides
or by fairing the frontwall in the manner shown
here, no practical fish-rescuing apparatus suited to
the descending side of the screen has yet been de-
vised (a shortcoming acknowledged, at least im-
plicitly, in the quoted passage above). In the sum-
mary section of the EPRI report, the author seems
to express a genuine puzzlement over failed ex-
pectations with the following lines:

The hydraulic changes associated with the installation
of dual-flow screens may result in higher impinge-
ment survival; however, information currently avail-
able does not indicate any real increase over conven-
tional traveling screens...

In fact, the "hydraulic changes" associated with
dual-flow screens virtually guarantee increased fish
kills. Nevertheless, the debris-excluding virtues of
dual-flow screens have such appeal to plant op-
erators that many conversions of the intake sys-
tems of power plants have already been made, and
many more are planned. Regulatory agencies con-
cerned with fish conservation are sure to stall the
permitting process, at least in some locations, if
the swapping of screening systems threatens to in-
crease fish kills to magnitudes greater than those
imposed by the systems replaced. Some practical
fish-saving apparatus, better adapted than Ris-
troph troughs to the peculiar functionings of dual-
flow screens, is obviously needed.

As an added caution to plant operators contem-
plating conversions from conventional through-
flow screens to dual-flow screens, the flow issuing
from the narrow dual-flow penstock and into the
sump region of the intake system is apt to create
sump conditions deleterious to pump operation.
The penstock flow takes on the character of a high-
ly turbulent and unstable jet. Consequently, the
water behind the backwalls, on either side of the
penstock, will be in a state of stall, and the inflow
jet, being unstable, will tend to attach itself to one
sidwall of the sump. As I discovered in hydraulic
modeling for a typical plant conversion (Fletcher
1988), the flow asymmetry just described created
pre-swirl extremely adverse to the (axial-radial)
pump. I also found evidence of vapor core vor-
tices, drawn from the sump floor into the pump
bellmouth, thus increasing the likelihood of im-
peller cavitation and hammering of the shaft bear-
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ings. The adverse flows were partially corrected
with an assembly of adjustable guide vanes locat-
ed behind the penstock entry to the sump.
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Appendix: Solution Methods for Text Equations (2)-(5)

Differential equation (1) is suited to virtually any flow distribution at the entry portal
of a dual-flow machine. In the z.z' phase plane, equation (1) is a parabolic curve where
z' = 0 at the quadratic roots r 1,r 2 of az2 + bz + c, which project to the asymptotes of
the solution graph as indicated in Figure A.i. Provided roots rl,r2 are real, the general
solution form of equation (I) is

(z - rl)/(z - r 2 ) = Coe-02-r*), (A. I)

where independent variable t is dimension x or y in the fitted solutions (2) and (3), and
Co is the integration constant. The solution graph of equation (A. 1) may be monotonic
increasing (as in Figure 10) or monotonic decreasing (as it would be at the right entry
portal) according as

b2m~ = -'• -- C

M 4a

is positive or negative. Quantity m is the extremum value of z' of equation (1) in the

Diff. Eqn. Solution graph

FIGURE A. 1.--Graph trajectories of differential equation (I) and its general solution (equation A. 1).
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FigURE A.2.-Graph of outer solution z(O) (equation A.2), inner solution z(0) (equation A.4), and composite
solution z4) (equation A.6), whose trajectory is denoted by the dashed curve. Boundary values satisfied by z(t) are
z(t I) on the right and zo at to on the left. Dots along the dashed curve represent fitted data points.

phase plane, corresponding to the slope of solution (A. 1) at its inflection point p, which

occurs at z = (r, + r2)/2 in both the phase and solution planes. Therefore, with the

exception of the boundary condition, all the parameters for fitting the solution graph

to datum points can be resolved in terms of z and z' in the phase plane, independent
of the independent variable t. with the aid of a routine numerical method for estimating

-'(z) from the measures of 4z. The relationship between z(1) and I in the solution plane

is then resolved by specifying the boundary condition z 0 (that is, by determining its
value from the best fit to the 1.z data values), as was the case in equation (2) from the

(y.I v I) data and in equation (3) from the (y, v.) data.
Owing to the effects of the flow separation, each distribution of IvI and -v fi down-

stream of the entry portal exhibits an extremum between two lesser boundary values,

as portrayed by the graphs of Figure II. The perturbation imposed on the flow geometry

by the presence of the separation imposes in turn a perturbation on the general distri-

bution equation (I). The altered solution trajectories (4) and (5) for station 7 were

determined by matching a general outer solution

Z(+)(t) ZO+bE-bt- (A.2)

bY b

of the linear portion of equation (1), which is

z' + bz + c = O, (A.3)

to an inner solution

"('tQ) = , (°)(t) ) - z(°OtI)e(I-t)e + z(tl)e(t-h') (A.4)

of the first two terms of a perturbation expansion

Z' ='r+ (Z, (A.5)
-f being a constant of convenience and e the perturbation factor. Graph trajectories of
inner and outer solutions (A.2) and (A.4) are shown in Figure A.2.

As portrayed in Figure A.2, the composite solution z(t) has the boundary values z(t0)

on the left and ZQtI) on the right, either of which may be zero or nonzero. Outer solution
:0)(1) satisfies the left boundary condition (symbolized z0 in equation A.2, where, with-

out loss of generality, to = 0), while inner solution z(i)(t) satisfies the right boundary
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condition (which is quantity z(t1) in equation A.4). The quantity z(°)(1 1) is the value of
the outer solution at ti (the location of the right boundary). In equation (A.4), z(o)(ti)
replaces -y/t with small error. The composite solution is recovered by combining the
inner and outer solutions and eliminating the overlap, or

zWi C[ I - (_O+ lý-eh] - fZo(1 - z(I1+)]e j(U~. (A.6)

which is the form taken by the distribution equations (4) and (5). In the region near the
left boundary where the outer solution is valid, the constants c and b of equation (A.2)
can be resolved from the measures of Az in the z, z' plane where governing equation
(A.3) has a straight-line graph. The boundary value z0 can then be determined by fitting
outer solution (A.2) to the t.z data points in that region. A similar procedure can
sometimes be followed for resolving perturbation parameter e with equation (A.5), but
when the distribution of interest drops off sharply at the boundary, the data points in
the boundary region are often too few to suit that procedure. In most cases, t is more
accurately resolved in the composite solution (A.6).
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NOTES

The Failure and Rehabilitation of a
Fish-Conserving Device

R. IAN FLETCHER

Great Salt Bay Experimental Station
Damariscotta, Maine 04543, USA

Abstract.--A flow spoiler designed for attachment to
the fish-catching rails of large water-intake screens was
previously reported as being successful in reducing in-
juries to fish during the capture process. That spoiler
and rail configuration failed to function as intended when
applied to screens equipped with superfine screencloth.
The desired fluid dynamical properties of the spoiler
were restored by a change in the spoiler's geometry.

In a recent article (Fletcher 1990) 1 reported the
results of laboratory and field testings of some im-
provements made to the fish-conserving appara-
tus of screening systems commonly installed in
large water pumping facilities. From detailed
studies in a laboratory flume, a flow spoiler had
been devised that damped out certain vortex ac-
tions found deleterious to fish captured by the cross
rails of rotating debris barriers known as Ristroph
screens. The rail-mounted spoilers served to re-
tard the actions of a harmful, secondary circula-
tion within the rails by introducing a turbulent
wake between the rail water and the shearing ac-
tion of the main flow over the rail, an effect de-
picted in Figure 8 of the cited report. Although
that rail and spoiler configuration proved effective
in applications to coarse-mesh wire screening, it
unexpectedly failed when the screen panels were
fitted with fine-mesh overlays.

That discovery was made while experimenting
with other innovations related to screening ap-
paratus equipped with superfine mesh-work
funded by the Consolidated Edison Company of
New York and other Hudson River utilities as a
hoped-for means of preventing excessive entrain-
ments into power plant cooling systems of eggs,
larvae, early juveniles, and small invertebrates.
This note is meant to caution others about unex-
amined applications of the reported rail and spoil-
er to screening systems fitted with fine mesh (es-
pecially of gauges ranging from 0.5 mm to 3 mm
in pore size), and also to report on the properties
of an improved spoiler that did function satisfac-
torily in fine-mesh trials.

The general flow conditions associated with the

unrevised spoiler and a mesh of fine gauge are
illustrated by Figure I. The test apparatus is
mounted in a large hydrodynamics flume and
viewed from underwater ports, as described in
Fletcher (1990). The pathlines of flow are marked
by the transport of small, neutrally buoyant plastic
particles, recorded by time exposures on 35-mm
film. The flow geometries portrayed were similar
for approaching flow speeds of 15, 30, and 45 cm/s,
although the angular speed of the rotating vortex
increased with increasing speed of the main flow.
As revealed in the top photograph of Figure I, the
desired wake does not develop and the main flow
penetrates deep into the rear of the rail owing to
the influence of the fine mesh in reordering the
near-field pressure distribution along the screen-
face. In consequence, the shearing force of the main
flow over the rail drives the rail water into the
form of an ordered, longitudinal vortex like that
originally observed in tests of conventional fish
rails without spoilers. Organisms caught in these
rail vortices are swirled about and killed or dam-
aged from the effects of forcible contact with the
rail and screen boundaries.

The change in flow properties attributable to the
increased resistance of superfine screencloth calls
for a spoiler of a more severe geometry (Figure 2).
The restoration of a turbulent wake being shed
from the trailing edge of the revised spoiler can
be seen in the top photograph. The main flow does
not penetrate as far into the rail confines and the
turbulence proceeding aft of the spoiler again sep-
arates the rail water from the direct shearing ac-
tion of the main flow. Some disordered water mo-
tion within the trough occurs, owing to the
transport of vorticity across the wake, but cap-
tured fish are able to maintain reasonably stable
swimming attitudes (Figure 2, bottom photo). The
fish depicted are striped bass Morone saxatilis of
Hudson River origin, 5.6 cm in mean length.

In arriving at the spoiler shape portrayed here,
other constraints had to be taken into account as
well: the frontal area of the device and its in-
creased blockage of the main flow, an entry space
between the spoiler and screenface sufficient to
encourage the entry of fish, the geometric restric-
tions associated with the articulation of the hinged
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Ft;tRF. L.-Streaklines of flow in the vicinity ofscreen
panels overlayed with I-mrm nylon mesh and equipped
with the fish rail and spoiler described by Fletcher (1990).
Speed ofapproaching flow is 30 cm/s and proceeds from
left to right. Top: geometry of the main flow through the
screen panel. Bottom: particles introduced directly into
the fish rail delineate the shear-driven (and clockwise
spinning) vortex that develops when the screen panels
are fitted with superfine mesh.

screen panels in passing around the sprockets of
the machine, and finally, ease of manufacture. Al-
though other, more radical designs can be envi-
sioned, the downstream consequences of surface
shaping and boundary effects are not simple to
predict, and, as a parting reminder to industry
biologists, nothing takes the place of direct, em-
pirical verification of one's assumptions.

FIt;ulRE 2.--Top: streaklines of the main flow and the
random motion of water in the rail of a fine-mesh panel
equipped with the reconfigured spoiler. Speed of the ap-
proaching flow is 30 cm/s. Bottom: attitudes of sheltered
striped bass (5.6 cm mean length) captured by the re-
conligured fish rail and subjected to flow conditions
identical to those of the top photo.
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1. Introduction

E•ectricity generating stations and other facilities that withdraw large volumes
of water from natural sources in their operations are commonly equipped with
mechanically active barrier screening, which has the principal function of halting
and removing debris from the inflowing water, but indrawn fish are also collected
and killed by the screens, often in large numbers. A conventional water intake
system consists of one or more sumps, each supplied from a free-surface reser-
voir, or forebay, which in turn is fitted with a motor driven machine that moves a
set of linked screen panels around sprockets in the manner of an endless chain, as
indicated by Figure 1. The inflowing water is drawn directly through the ascend-
ing and descending halves of the travelling screen assembly; indrawn matter not
otherwise extruded through the screen mesh is forced onto the upward moving
screen structure by the inflow, then carried above the water surface for disposal

Material captured and raised from the water by the screen is forcibly
removed by one or more rows of directed, high-pressure water jets that blow
through the screening from locations above the machinery deck and between
the moving halves of the screen. Very often, such indrawn flotsam as plastic bags
and fibamentous macrophyles, in being stapled into the screenmesh, is not com-
pletely removed by the spraywash. In consequence, unremoved debris is carried
back to the water by the descending side of the screen and released into the sump
by the force of the main water flow. In some cases, the transpor, or carry-over,
of unwanted debris into the sumps of a water intake system (and hence into the
plant works by way of the water pumps) is great enough to degrade the operating
efficiency or the facility or require increased maintenance.

Owing to the annoyances connected with the mistransport of debris by
conventional rotating screens, many plant operators favor the refitting of intake
systems with alternative devices, called dual-flow screens, whose manner of op-
eration precludes the downstream deposition of debris. Although consisting of
linked panels and driven around sprockets in a conventional fashion, a dual-
flow screen is placed at an attitude 90" to the approaching flow, water passing
through its moving halves according to either of two configurations, one called
a double-entry, single-exit screen (as indicated by Figure 2(b)) and the other
a single-entry, double-exit screen. The double-entry arrangement is the design
more often employed, and it was the design adopted for the experimental work
reported here.

I



FiGURE 1.-Arrangement of a large water-intake system equipped witb a ooovenLional rotating
screen. Water speeds through the screen range from 30 to 60 cm/s, and a typical elevation speed
is 5 cm/s. Pump capacities (of either the wct.wtl| or dry-well configuration) range from 265,000
L'min to 530,000 1L/win.

Pump Pump

SUMP SUMP

up dm...t...... .. ..1. .... ... ...... ......... I

(, a) (bo)

FIGURE 2.-(a) Plan of a typical intake channel equipped with a conventional rtating screen (as
in Fig. 1). (b) Conversion of tbe intake bay to a double-entry, single-exit rotating screen.
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In contrast to the straight-through flow geometry of a conventional ro-
taring screen (Figure 2(a)), water drawn through a double-entry screen arrange.
ment must bifurcate around a plate or frontwall (which closes oMY the upstream
side of the machine) and pass through the ascending and descending halves of
the screening by way of two alley-like portals at the sidewalls of the forebay.
The flow then enters the sump area through a narrow penstock, at the rear of
the machine, which is no more than the open framework between the moving

halves of the screen. As shown by the studies reported here, the peculiarities
of the flow approaching and passing into the screen pose special problems In
the mechanics of large, flexible linkages subjected to asymmetric loadings, and
special problems in the mechanics of live fish recovery.

Although the problem of fish kills by various intake screening systems has
received considerable attention over the years from regulatory agencies, fisher-
men, citizen's action groups, the power industry, and screen manufacturers, little
work has been done in the past in the way of direct observations of the full-scale
flow patterns and fish behavior associated with any screening system. Costly

apparatus meant to rescue entrapped fish, or to divert them in some way from
encounters with intake screening, is manufactured and installed with virtually no
foreknowledge of its likelihood of succeeding or failing. Such intuitively-derived
schemes and devices as sound generators, electric barriers, dangling chains, bub-
ble clouds, angled screens, horizontally-travelling screens, and fish scooping de-
vices, although apparently promising in concept, have not proven to be very ef-
fective at reducing fish kills to the levels of natural mortality (see Fletcher 1985
for a list of representative references). The poor performances of these fish-
saving appliances can be traced, almost invariably, to imperfect understandings
of fluid flows and the related responses of fish to currents and obstacles. As
shown in a recent study of a commonly employed device known as a Ristroph
screen (Fletcher 1990), one's casual suppositions about the nature of complex
fluid flows can be so misleading that one is apt to anticipate an outcome wholly
at odds with reality. In the case of the Ristroph screen experiments, once the ac-
tual transactions between fish and flows were observed and recorded, alterations
to the device that conformed to reality followed and fish kills were reduced.

For the dual-flow experiments reported here, a full-scale entry portal and
frontwall of a dual-flow screen, typical of the double-entry configuration, was in-
stalled in a large hydrodynamics flume. AFlow patterns and velocity fields were
retrieved from vector-resolving current measurements and from two flow mark.
ing schemes, one of particle motion recorded on video tape and one of particle
streaking by time exposures on 35 mm film. Test fish were also released upstream
and their dispositions in the flow fields were recorded on video tape and 35 mm
photographs. Richard Ewbank of the McGinnis/Royce Corporation built the ap-
paratus for this project and assisted with all the experiments. As in the Ristroph
screen study, these researches were meant to record and clarify those peculiar.
ities of fish and flows that instruct the designer and separate the probable from
the impossible.



2. The experimental apparatus

In the usual circumstance where conventional rotating screens are replaced
with dual-flow machines, the overall breadth of the device, and hence of the
screening itself, is limited by the width of the access slot, or well opening, in the
machinery deck of the facility (see Figure 1), the standard dimension being 162
cm (5 ft 4 in). The long dimension of the well opening corresponds to the width
of the intake channel, which is usually 340 cm (I I ft 2 in), although some intake
channels are narrower. Short of altering the civil works of a plant, these dimen.
sions effectively prescribe the basic geometry and dimensions of those dual-flow
machines designed expressly for replacing conventional screens, irrespective of
the manufacturer. The experimental apparatus for the work reported here was
configured around that basic dual-flow geometry and installed in the Royce hy-
drodynamics flume in Houston, lbxas.

The Royce flume is equipped with underwater viewing ports, an over-
head camera gantry, flow.measuring instruments, fish releasing cages, and fish
holding tanks. The flume and its equipment are more fully described by Figure 3.
Although the 340-cm width of a typical intake channel is greater than the 213-cm
width of the laboratory flume, duplication of full scale flow fields were still pos-
sible, by virtue of the mechanical and fluid dynamical symmetries characteristic
of the basic dual-flow screen geometry. The relationship of those symmetries to
the configuring of the flume for the experimental work is indicated by Figure 4,
which shows the flume width superimposed on the layout ora dual-flow screen
designed for replacing a conventional screen. That portion of the dual-flow ap-
paratus falling within the boundaries of the laboratory flume (the frontwall of
the screen and one entry portal) was built and installed in the flume, and the lo-
cation of the stagnation streamline (the flow centerline indicated on the figure)
was controlled by means of a screened bypass and adjustable gate located at the
far end of the screen frontwall.

The arrangement of the laboratory flume for this work is more fully de-
scribed by Figure 5 (page 7). The bottom of the flume in the vicinity of the

modelled dual-flow machine was lighted by rows of sealed fluorescent tubes, cov-
ered over with a prismatic diffusing plate, which allowed for overhead silhouette
filming of flow trajectories and fish movements. For the video and photographic
work, an L-shaped stilling box, constructed of a clear acrylic material, was fixed
in place at the water surface, directly over the bottom lighting. Because the pur-
pose of the research was not meant to extend to the testing of any proposed or
existing fish-rescuing attachments, none of the mechanism for actually moving
the entry screen was needed for the work, so the screening itself was merely fixed
in pace, cated on the figure.

4



Filming
cubide

Catwalk I duct

FLOW SPECIFICATIONS

Flume type: open channel, recirculating.

Construction: steel, Carboline epoxy coatlng.

Dimensions: length 15.3 m; channel depth 152
cm; channel width 213 an.
Fluid: 60,500 L fresh water, continuous filtra-
tion.

Flow Fluid driver. shrouded propeller 61 cm d;a, hy-
straighteners draulically driven.111 111Prime mv.er. 112,000 W electric motor. con.-

and lnected to pumps of hydraulic system.

releasing cages Hydrauli system: dual pumps. 371 L/min at
138 bar; 1135 L reservoir and auxiliary coolers.
Flow distribution: 98 metering gates from inlet

Accelerating chamber. Mean free-Row velocities 0-40 cm/s
section in channel.

Flow monitoring: electromagnetic velocity me-
Metering ptes ten with z-y analog readout; attachedlto digital

convenrt.
Recording apparatus: color video camera. low
light ccd camera; 3S mm cameras. White and

Inlet chamber infrared lIghting; undemater filming parts and
overhead camera gantry.

FIGURE 3.-Diagram of the Royce hydro.
dynamics flume.



FIGURE 4.- Relationship between the width of the laboratory flume and the,.
geometry of a typical dual-flow screen installation.

All experiments were repeated wo upstream flow speeds-30 and
45 cm/s-in conformity with the(-iing standards recommended by the Electric
Power Research Institute. The ee- ow geometry of the Royce flume is con-
trollcd by 98 metering gates, located in the bulkhead of the inlet chamber (see
Figure 3), which were set in a pattern that put the (offser) core of the unobstructed
flow along a line corresponding to the symmetry centerline of a standard, 340-cm
wide intake channel Calibrating the flume in this manner was necessary before
the dual-flow apparatus was placed in the flume, because the free-flow of water
in an open channel takes on a characteristic, nonuniform distribution where the
fluid velocity at the core of the flow may be four to five times the velocities near the
channel boundaries. See, for example, the open-channel flow diagrams In White
(1986) and Sellin (1970). We appealed to those reference sources as a guide to
setting the free-flow velocity distributions in the laboratory flume.

For the flume calibrations we employed a Marsh-McBurney model 51IM elec-
tromagnetic current meter attached to a digital converter, with Input to a micro-
processer, which gave us 3D displays of the corresponding velocity vectors at the
three reference stations indicated on Figure 6(a). At each of the reference sta.
tions, velocity measurements were taken on a cross-section grid of 70 points, dis-
tributed over the width and depth of the flume. A representative cross-channel
distribution from those measurements is shown by Figure 6(c). The comparative
distribution shown by Figure 6(b) was calculated from the normalized velocity
diagrams given in White (1986). Following the flume calibrations the dual-flow
apparatus was installed in the flume; we maintained the correct location of the
offset, flow-symmetry centerline by means of a gated bypass located in the front
plate of the dual-flow apparatus. The centerline bf the unobstructed flow became
the stagnation streamline of the flow into the dual-flow apparatus. The complete
velocity measurements from the flume calibrations are given in Appendix A.
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FIGURE 6.-(a) Diagram of laboratory flume showing locations of ref-
erence stations for calibrating the freelow geometry. Velocities were
monitored on a cross-section grid of 70 points at each station. The me-
tering gates were adjusted until the desired flow pattern was achieved.

ýring ptesa (b) lypical velocity distribution in open channel flow. Normalized dis-
tribution calculated from the flow patterns given in White (1986).
(c) Wlocity distribution across the fluroe, mid-depbh at Station 3, 45-cm .

(a) setting, before installation of the dual-flow apparatus.
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3. Flow trajectories and velocity fields

Pathline trajectories of the flows in the vicinity, of the modelled dual-flow
screen were recorded on video tape and 35 mm photographs. The cameras were
equipped with telephoto lenses and located 6 m above the flume (an arrange.
mcnt that helped to reduce visual parallax). For the video work, submerged
flow markers, in the form of pre-wetted charcoal bits, were released, en masse at
mid-depth, 5 m upstream of the apparatus. The charcoal bits were very nearly
ncuirally-buoyant. Their mean falling time from release (measured over a fall
of 50'cm in a 10 cm cylinder) was 0.3 cm/s.

The pathline trajectories for the 35 mm photographs were delineated by
reflective Mylar confetti, also released at mid-depth 5 m upstream of the dual-
flow apparatus. For each such release, six succesive exposures were made at 1.2
sec intervals, with shutter speeds of 0.6"to 0.9 sec. Streak trajectories typical of
that technique are shown in Figure 7. Because the flows were steady and the
mass of a Mylar particle was very small, the pathline streaks can also be viewed
as velocity streamlines. As indicated by the photographs of Figure 7, the flowalong the frontwall of a dual-flow'screen must turn 180( to enter the screening.
Owing to the high momentumof the fluid in that turning region, a large, standing
separation occurred at the upstream corner of the screen entry. In consequence
of the displacement of flow past the separation, the main efflux of water through
the screen was concentrated over the downstream half of the screening, at both
of the employed test speeds.

The surface effects of the corner separations are shown in Figure 8 (the
stilling box having been removed). The geometry of the separation was essen-
tially a function of the volumetric flux (hence, the velocity) of water received by
the entry portaL The fillet plate appearing in one of the photographs is a feature
employed by one screen manufacturer, more as an aid to the mechanical stabil.
ity of the dual-flow machine than any perceived benefit to the distribution of
flow through the screening. Aside from slight streamline crowding at rthe down-
stream end of the screening, the effects of the fillet on the corner separation and
the main flow were negligible. With or without the fillet, the flow trajectories at
the surface conformed to the orientation of flow at depth. The surface disorder
apparent in the photographs is the (minor) effect of backwash from the sidewall
and backwall boundaries. The water immediately behind the front plate of the
apparatus remained in a state of stall. A diver wearing a weight belt was able to
stand erect in that area without effort.

FIG URa 7-{overleaf) 1V'pical flow pathlnes in the vicinity of the modelled
dual-flow screen, produced by time exposures of reflective Dow mrarker.
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FtGURE 8.-Top photo: surface configuration of flow at the screen entry, 45-cnis mean
flow setting. Depth of the depression at the center of the separation gym was 21 ae below
the free surface. Bottom photo: surface configuration at the 30-cm/s setting. Surface
backwash in both photos obscures the true geometry of the main flow through the screen.
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FLOW TRAJECTORIES AND VELOCITY FIELDS t2

TABLE l.-Wloaty measuremenU (1n attec) corresponding to the vectr
field shown in Figure 9. The symbol jvj signifi-s velocity magnitude; symbols
v, and v. denote the measured cartesian components, where v = vAi + vyj
according to the orientalion indicated on Figure 10.

Cot 0 1 2 3 4 5 6 7 8 9 10
Station 3

vz -57 -62 -64 '-52 -27 -14 -11 -9 -21 -55
-4 -20 -39 -57 -53 -37 -11 -1 18 11

I-I 57 65 75 77 59 39 15 9 28 56
Station 4

v -.80 -83 -88 -97-109-120-126
vv -2 -7 -17 -23 -34 -57 -80
Ivl 80 83 89 100 114 133 149

Station "
VX -50 -57 -.66 -74 -80 -86 -92
VV 9 18 32 41 57 74 92
lvi 51 60 73 85 98 113 130

Station 6
tlt 34 14 -5 -14 -5 -5 -23

Vt, -11 -20 -20 -11 18 34 66
vIj 36 24 21 18 19 34 70

Stetion 7
Vt -6 -30 -55 -80 -103 -125 -135 -76 -75 -149 -107
Vt 32 66 80 91 94 83 57 15 -11 -70 -87,
Ijy 33 72 97 121 138 150 146 77 76 165 138

We took velocity measurements of the entry flows at the reference stations
shown in Figure 9. The measurements at each station were made on a location
grid of 7 rows and n columns (n = 10 for station 3, n = 7 for.stations 4,5, and 6.
and n = I I for station 7). The vectordiagram of Figure 9 was constructed from
the instrument readings taken at mid-depth (row 4) at the 45 cm/s setting; the
corresponding component values are given on l'Tble 1. The complete velocity
data for the 30- and 45-cm/s settings are contained in Appendix A.

The length and direction ofa vector arrow in Figure 9 indicates the mag-
nitude of water velocity and the instantaneous direction of flow at the arrow
midpoint (the point of measurement). That I, any vector arrow of Figure 9 lies
tangent to the (curving) velocity steamUline that passes through the correspond-
ing point of measurement. Owing to the extreme crowding of the main flow
streamlines in passing through the narrow entry portal and around the corner
separation, the water velocities at the screen (and the corresponding momenta
of flow) were greatly elevated. Velocity magnitudes at the screen were on the
order of 120 cm/sec (4 fps) at the 45-cm/s setting and 80 cm/s (2.6 fps) at the
30-cm/s setting.

The asymmetric nature of the flow through the entry portal and screening
is more clearly indicated by Figures 10-12.. The corner separation effectively
blocked off 50% of the screen area to the main flow at the 45-cm/s setting, and
38% at the the 30-cm/s setting. In each case, tie clockwise circulation of the
corner separation created backflow in the upstream portion of the screening.
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FLOW TRAJECTORIES AND VLOCrY FIELDS 14

As shown by Figures 7-12, the geometry of the flow approaching and passing
through a conventional cross-channel screen (which resembles the open channel
flow depicted by Figure 6(b)) is drasticaly altered by the substitution of a dual-
flow screen. The high-speed core of the unobstructed flow (or the flow through
the conventional screen) becomes the upstream region of lowest fluid speed, and
the main transport of water is deflected away from the center of the forebay to
the na.row entry portals at the forebay sidewalls. At the entry portal, fluid speed
Is greatest at the corner of the frontwall, corresponding to the velocity maximum
along the boundary of the separation and into the center of the screening.

The distributions graphs of fluid transport and velocity magnitudes at sta-
tion 4 (across the entry portal) and station 7 (just upstream of the screenmesh)
are shown in Figures 10 and 11. The data points on the graphs of velocity mag.
nitudes fJY, as well as the lengths of the vector arrows in Figure 9, are given by
the relationship

l1VI =r2+t2

while the graph points of quantities -vfi correspond to the normal components
of flow across the reference station, the area under the graph being Q, volu.
metric flux per cm of depth through the reference station. The cartesian axes
indicated on Figures 9 and 12 (z positive towards the inlet end of the flume
and y positive from left to right when facing downstream) were chosen for their
conveniences in representing these transport and velocity disLributions.

In general, the volumetric rate of flow Q through an arbitrary region R of
area A is

Q -fv.ii dA,

fi being an (outward) unit normal vector over region R. In our case here, velocity
V = V'i + ViJ, where v, = v,(y) and v.- = v,(z) at the reference stations, both
v., and v. being time independent, since we have steady flow. At station 4, the
unit normal fi over the (vertical) surface R represented by the grid of instrument
points is simply the unit basis vector L Consequently, -v - .v at station 4,
and the volumetric flux of water (per cm. of depth) through the entry portal is

/76 CM

t= 0

which must be equivalent, of course, to the upstream transport. For the 30-
cmx/s setting, Q" would be 5100 cm2/s (or 30 cm/s x 170 cm, the breadth of the
upstream flow). For the 45-cm/s setting, Q6 is 7650 c=21, which is the area
under the distribution curve of -v -i in Figure 10. At station 7, just ahead of
the screen, i = -j, hence

where limit S signifies the location of the separaton boundary where it crosses
station 7. That is, Q" in this case sums to the total 30 or 45-cmA transport rate
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at the separation boundary, the excess transport to the right of the separation
(as in Figure 11) being a consequence of the recirculation of water through the
upstream half of the screen.

In Figures 10 and i1 the eight equal-valued areas under the distribution
graphs of -výfi correspond to the numbered flux lines of Figure 12, whose loca-
tions were resolved by partitioning the Q" integrals at 'reference stations 3,4, 5,
and 7. The distribution graphs of v,, v., and lvi were resolved from the general
autonomous form

z' + az 2 + bz + c , (1)

which permits of nondimensionalizing and its adaptation to volumetric rates of
flow and apparatus dimensions that differ from those treated here. In equation
(i) the rate of change in quantity z (in v,, v., or Ijl) is strictly a function of
the magnitude of z, independent of the independent variable 9 (dimension z or
y). The independent variable appears solely in the boundary or side conditions.
Provided the roots of equation (1) are real, its general solution z(4) is

(z - r,)/(z - r2) = Coe r1rI)(2)

where Co is the integration constant and rl, r2 are the quadratic roots of (1),
which also become the asymptotes of solution (2).

At station 4, the fitted solution form (2) for the distribution of fluid speed
across the entry portal at the 45-cm/s mean flow setting became

78 + 2.9 e0°-7V
Ivl = l+ 0.0169e0 .°nY (3)

(y in cm, lvi in cm/s), which is the curve in the lower graph of Figure 10. Close
to the left sidewall boundary, the flow speed yIv - 79 cm/s, which rises to twice
that value, or 158 cm/s, at the corner of the entry portal

The distribution across the entry portal of the normal component of flow
(which is -v, here) became

78 + 1.9165 e°0-°(4)

1 + 0.0147e•0 ' 7V ' (4)

which is the curve in the upper graph of Figure 10. The boundaries of the eight
transport areas under the graph of -v. 6 were located by numerically integrating
equation (4) in eight partition steps, each of 956 cm2/s in value.

At station 7 the separation imposes a nonlinearity on the flow geometry
more severe than that of governing equation (1). Therefore, for that circum-
stance I employed the linear terms of (1) and matched its (outer) solution to
perturbation terms. The result for the distribution of the lvi data points at the
45-cm/s setting became

WIv = 244(1 - 0.9139e-0.'1°99) - I83 e(* 10-10'7 (5)

(z in cm, Ivi in cm/s), which is the curve in the lower graph of Figure 1i. In
turn, the distribution across station 7 of the normalicomponent of flow (v1 here)
became
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-Y f i = 134(1 -0.9105 e- 0°'z) - 13Mtz- 11e)0M1, (6)

which is the curve in the upper graph of Figure 11. The eight equal-valued trans-
port partitions under the distribution curve were resolved in the same manner as
those of Figure 10, but here the right hand boundary was determined by setting
the Q" integral of equation (6) to 7650 cm2/s, the known volumetric transport
of the main flow, and numerically resolving the upper limit S. The location of S
at 92 cm, from the backwall of the dual-flow screen coincided with the location
of maximum Ivl at the separation boundary (as it should have).

. The flux lines of Figure 12 portray the complex nature of the flow through-
the dual-flow screen. The corner separation blocks off the forward portion of
the screening to the main flow, which passes through the rear portion of the
screening at an angle so sharp that over a distance of 8 cm (the distance be-
tween station 7 and the screenmesh) the separation boundary is displaced from
the 92 cm location at station 7 (Figure 11) to about 75 cm at the screenmesh,
which is an angle of attack of -60 (the angle away from a perpendicular to the
plane of the screenmesh). Ai lower inflow speeds (at lower pumping rates), the
separation recedes but the angle of attack increases (the flow at the separation
becomes more nearly parallel to the screenmesh).

As indicated on Figure 12 and the upper graph of Figure 11, the recircu-
lation of water through station 7 (and the screenmesh) was a consequence of a
trapped eddy that was shear-driven by the passage of the main flow around the
corner separation. In the recirculation zone, the flow through the screen (and
station 7) reverses direction. Note the sign change in the normal component v.
between columns 7 and 8 of ibble 1 for station 7, which in turn corresponds to
the zero value of the -vYfi graph in Figure 11. The velocity magnitude jvj at that
point does not fail to zero, however, because the flow is parallel to the screen
(and to station 7; note the values of tangential component v, on Tible 1). In
the region of backflow, fluid velocities are high, although reversed in direction,
as indicated by the elevated values of Myi in columns 8, 9, and 10 of station 7 on
Thble 1. These fow complications influenced the disposition and behavior of
fish drawn to the screen. The flow reversal and asymmetric distribution of fluid*
momentum also imposes a cross-stream torque on the screen structure.

Solution methodr

In the z, z' phase plane,' governing equation (1) is a parabolic curve where
z' = 0 at the quadratic roots rt,r 2 ofaz2 + bz + c, which project to the asymp.
totes of (2) in the solution plane, as Indicated in Figure 13. The solution graph
of (2) may be monotonic increasing (as in Figure 10) or monotonic decreasing
(as it would be at the right hand entry portal) according as

b2

is positive or negative. Quantity m is the'maximum (or minimum) value of e- of
(1) in the phase-plane, corresponding to the slope of solution (2) at its inflection
point p, which occurs at z = (rt + r2)/2 in both the phase and solution planes.
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Therefore, with the exception of the boundary condition. all the parameters for
fitting the solution graph to datum points can be resolved in terms of z and z'
in the phase plane, independent or the independent variable t, with the aid of
a routine method for estimating z'(z) from the measures of Az (see Appendix
B). The relationship between z(t) and t in the solution plane is then resolved by
spccirying the boundary condition z0 (that is, by determining its value from the
best fit of solution (2) to the t, z data values).

z zr2•

Z'(Z) Z(f)

j . '(1) =M

' z• t

Phase plane Solution plane

FiG U RE 13.-.-raph t~elories 0 of differential equat ion (1) and its solution (2).

Owing to- the effects or the flow separation, the distrbutions of IYl and -v.fi
downstream. of the entry portal each exhibits an extrernum between two lesser
boundary values, as portrayed by the graphs of Figure It. 'Me perturbation
imposed on the flow geometry by the presence of the separation impose$ in turn
a (mathematical) perturbatin on the general distribution equation (1) and its
solution graph (2). The altered solution trajectories (5) and (6) for station 7
were determined by matching a general outer solution

of the linear portion Z+bz+c=0 (8)

of (1) to an inner solution

z(IGR) = Z(.)(ta )- - p a(es )er -"I + z(etieo"n( )a (9)

of the first two terms of a perturbation expansion

z'="r + cz, (10)
where d is a constant and e is the perturbation -factor. Graph trajectories of

equations (7) and (9) are shown in Figure 14.
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C

zoo

to t

FIGuIIE 14.-Graphs of outer solution z(O) (equalion 7), inner solution z
(equation 9), and composite solution z(t) (equation I I), whose trajectory is
deoed by the dashed curve. Boundary values satisfied by z(L) are z(ta) on
the right and Zo at to = 0. Symbols (.) represent fitted data poits.

As portrayed in Figure 14, the composite solution z(j) has the boundary
values z(to) on the left and z(tl) on the right, either of which may be zero or
nonzero. Outer solution z(o)(t) satisfies the left band boundary condition (sym-
bolized zo in equation 7), where, without loss of generality, t0 = 0), while in-
ncr solution z(')(t) satisfies the right hand boundary condition (quantity z(tt)
in equation 9). The quantity z(o)(tI) is the value of the outer solution at tI (the
location of the right hand boundary). In equation (9), z(°)(t 1 ) replaces 7/c with
small error. The composite solution is recovered by combining the inner and
outer solutions and eliminating the overlap, or

z(t) It - + [j (() z(t,)

which is the form taken by the distribution equations (5) and (6). In the region
near the left hand boundary where the outer solution is valid, the constants c
and b of (7) can be resolved from the measures of Az in the z, z' plane where
governing equation (8) will have a straight line graph. The boundary value ZO
can then be determined by fitting outer solution (7) to the t, z data points in that
region. A similar procedure can sometimes be followed for resolving perturba.
tion parameter c with equation (10), but when the distribution of interest drops
offsharply at the boundary, the data points in the boundary region are often too
few to suit that procedure. In most cases, c is more accurately resolved in the

composite solution (11).



4. Fish behavior experiments

The fish used in the behavior experiments were 246 juvenile striped bass Mo-
rone sararilir of Hudson River origin, 5.9 cm in mean standard length, and 260
each of golden shiners Notemigonus crysoleucas 5.6 cm and 7.2 cm in mean stan.
dard lengths, obtained from a local fish farm. The striped bass were shipped
by air to Houston. Of the 250 received, four were judged unfit for use (owing
to erratic swimming behavior). We employed the golden shiners as representa-
tivesof tender species having moderate endurance and swimming strength, in
contrast to the striped bass, which are typical strong swimmers, hardy, and not
so readily damaged.

The fish were held apart by size and species in large fish tanks until used
in the experiments. 1ank water was aerated, filtered, and monitored for tem-
perature, pH, ammonia concentration, and conductivity. The flume water was

continuously filtered and circulated; temperature, pH, and conductivity were
measured between experiments. For each behavior experiment, the fish of a
sample were released 5 m upstream of the dual-flow apparatus by species, size,
and water speed.

At each of the 30- and 45-cm/s mean flow settings, the striped bass were
released in five sample batches of 20, one batch of 15, and eight of one fish at
a time (a total of 28 trials). The two sizes of shiners were released at each of

the flow settings in four batches of 25, one batch of 10, and ten of one fish at
at time (a total of 60 trials with the shiners). For the silhouette photography, a
video camera and a 35 mm camera were located 6 m above the stilling box (see
Figure 5) while an observer viewed the fish through the sidewall ports of a dark-
ened cubicle (see Figure 3). During an experiment the video camera ran contin-
uously. The mounted 35 mm camera, which was equipped with a motor-driven
shutter and film advance, was operated at will, at the rate of three frames per
second, by the observer on the camera gantry. The two observers were equipped
for communication with earphones and voice-activated transmitters. A few trial
experiments were conducted during daylight hours, with the flume upstream of
the stilling box covered over with black plastic sheeting, but we abandoned that
procedure early on. All of the behavior experiments discussed here were car-

ried out after dark, the only light in the flume building being the flume bottom
lighting in the vicinity of the dual-flow apparatus, an arrangement that allayed
our worries over the unknown influences on the fish of surface reflections and
other visual disturbances.

The discussion here of the findings from the behavior experiments is
aided by the several photographs of fish locations reproduced in this section,

22
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which should be viewed in their relationships to the flow patterns and velocity
vectors depicted in Figures 7, 9, and 12. A velocity vector of Figure 9 indicates
the (instantaneous) direction of flow at its midpoint; the comparative lengths of
the vector arrows give an indication of the differences in fluid speeds rrom loca-
tion across a station, or from station to station in the How. The streak lines of
Figure 7 indicate the paths taken by the flowing water, and the flux lines of Fig-
ure 9 (or those shown on the diagrams of this section) correspond to the gross
transport of water along those paths of motion. The flow accelerates along any
flux tine; the closer together they are, the greater the speed of flow. Along flux
line I in Figure 12, for example, the fluid speed is about 30 cm/s where it crosses
station 3 (compare with Figure 9 and Table 1). Over the short distance between
that point and station 4 at the entry portal, however, the fluid speed alongofiux
line I increases fivefold to 150 cm/s, a speed maintained through station 7 and
into the screening. The dispositions of fish in the vicinity of the dual-flow appa.
ratus were governed by these fluid accelerations and patterns of flow.

A typical episode of fish ,being drawn into the vicinity of the dual-flow
apparatus and through the entry portal is shown by the three (successive) pho-
tographs of Figure 14 and the accompanying tracings of Figure 15. The fish are
large golden shiners of a batch of 25 released upstream at the 30 cm/s setting.
The elapsed time was Z25 s between frames (a) and (b), and 1.87 s between
(b) and (c). Individuals were identified and their paths of motion tracked by
matching the 35 mm photographs with the vide6 tape. The flow pattern at the
30cm/s mean flow setting (Figure 15) differs somewhat from the flow pattern at
the 45 cm/s setting (Figure 12).

In frame (a) of Figure 14, the fish are being transported into view by the
flow, at about 50 cm/s. The net downstream movement of fish, despite their
apparent orientations in the photograph, followed generally along the lines of
flow indicated in Figure 15. All of the fish appearing In frame (a) were drawn
rapidly into the vicinity of the dual-flow apparatus. Fishes 1, 2, and 3of frame (b)
arrived slightly later than those numbered 4 to 16 in Figure 15. Few fish (ofeither
tested species) were observed to orient themselves directly into the flow until
they were close upon the frontwall of the apparatus or the corner of the entry
portaL Despite furious swimming efforts, few of the individuab transported to
the high speed corner region of the entry portal were able to keep station beyond
a few seconds, but most significantly, these were usually the only fish arriving at
the entry portal that did make attempts at maintaining station. As a rule, fishes
drawn to the entry portal some distance from the corner were carried almost
p&ssivcly downstream to a sudden encounter with the screening.

Fishes 12-16 in frame (b), plus two individuals already out of camera
view, were swept'downstream to the screen, in apparent random orientations,
at about 85 cm/s, the speed of the flow itselL Their paths of motion coincided
with the flux lines shown in Figure 15, indicating little voluntary motion on the
part of any individuaL The speed of transit in that region of the screen portal
was so great, however, that net departures from the flow trajectories were diffi-
cult to detect. Fishes 8, 10 and 11, which exhibited vigorous tail beats, were able,
momentarily, to stem the flow (which was about 95 cm/s at the locations of fishes



Sceenext pagc for panels (b) and (c)

(a)

FIGURE 14 .- Successive posiLions of large golden shiners drawn to the dual-flow appa.
ratus at the 30 cnms mean flow sceling. The time interval was Z25 s between frames (a)
and (b), and 1.87 s between (b) and (C). Individual fish and their paths of motion are
identified in Figure 15.
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FicUR_, 15. -Diagram of flux lioes (30 cm/s setting) and idcntirics or the fish appearing
in photographs (b) and (c) of Figure 14. The flume outline and W locations bave been
adjused for camera parallax.
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9-11), but they were suddenly swept from view, also at the approximate speed of
the flow. Fishes 5. 6, 7, and 9 held out somewhat longer, but fish 4 was the only

individual in the high speed region that made any significant progess away from
the apparatus. The later arrivals 17, 18, and 19 of frame (c) were transported,

swiftly and passively, through the entry portal at the speed of the flow, but fish

17 reappeared and swam close along the left sidewall of the flume a distance

of a meter or so upstream, where it remained for some time. That behavior
was occasionally repeated by individual fish when released to the far left of the

flume center. Fish 20, on arriving at the entry corner, exhibited the orientation

and vigorous swimming behavior typical of many fish (such as numbers 5-l1 of

the experiment) when transported through that high speed region.

At ten seconds after the first appearance of the fish in frame (a), the
only members of the released sample remaining in camera view were fish 17 at
the flume sidewall, fishes 2 and 3, joined by one late arrival, in the region of

the stagnation streamline, and fish 4, which had moved some distance to the

right into the more slowly moving flow. 'lWo fish of the 25 released were not
observed on camera, but at the conclusion of the experiment we found them
upstream, swimming along the sidewall of the flume, an occurrence less typical
or the shiners than of the striped bass.

The behavior of fishes 2 and 3 in Figure 14 was observed several times

in experiments with both the shiners and the striped bass. Some fish of a re-

leased sample, if they arrived at the dual-flow apparatus in the slower current to

the right of the entry portal, would turn about and converge on the stagnation
streamline. Schooling behavior was also strongest in that region, in contrast to
the small evidence of schooling tendencies in the (observed) regions of swifter

flows. The photographs of Figure 16 show small golden shiners schooling and
converging on the stagnation streamline. In this experiment a sample of 25 shin-

ers was released more to the right of the flume center than usual; 13 of the 25

were ultimately carried through the entry portal and impinged (flattened against

the screening), but 5 were transported to the apparatus on the right side of the

stagnation streamline (the five fish to the right in frame (a)), while 7 of those

arriving to the left of the stagnation streamline reversed direction in the vicin-

ity. of the flume frontwall and joined the other five, as indicated by frame (b) of

Figure 16. This behavior is especially worthy of note, because it demonstrates
the tendencies of fish to respond to the peculiarities of the fluid flow itself, as
opposed to responding directly to the stationary obstacles or surfaces (such as
the flume sidewall) that actually induce the peculiarities into the flow.

Although juvenile striped bass also exhibited similar behavior in the re-
gion of the stagnation streamline, they were also more active as individuals than

either size of golden shiners. In the swifter regions of flow they were generally

transported to the screening somewhat less directly along the flux paths of the

water transport than the shiners, individuals making darting motions, seemingly
at random and independent of one another. More striped bass of a given release
would find the upstream sidcwals of the flume (or, more explicitly, the slow-

speed boundary layer at the flume wall) than those of a similar release of golden
shiners. And being much the stronger swimmers, they were able to stem the flow
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FIGURE 16.-Successive positions of small golden shiners converging on the stagnation
strcamline at the 30 crn/s mean flow setting. The time interval was 3.7 s between frames
(a) and (b).
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at the entry portal (or longer periods, particularly at the 30 cm/s mean flow wset.
ring. At the 45 cms setting. however, few of the striped bass (and none of the
golden shiners) were able to keep station at the corner of the entry portal, the
fluid spcdL in that region being about 150 cm/s.

The liveliness (or excitability) of the striped bass juveniles is captured in
the three (successivc) photographs of Figure 17. In frame (a), 13 individuals
of an upstremrn release of 20 have just arrived in the vicinity of the dual-flow'
apparatus'At [he 45 cm/s mean flow setting. Fluid speeds in the vicinity of the
dual-flow'apparatus were considerably greater in this experiment than the fluid
speeds at.,the 30 cmn/ssetting of Figures 14 and 15, so events transpired more
rapidly. 'Note the absence of schooling and the random orientations of indMd-
.ual fish in frames (a) and (b) of Figure 17. The time interval between frames
(a) and (b) was only 1.12 s, but owing to the independent darting motionsorf
individ'ualk.the relative positions of fish changed considerably, although their
net paths of motion towards the entry portal were stiU a consequence of the pat-
tern and speed or the flow directly upstream of the dual-lDow rrontwatL In frame
(b), at least five fish have responded to the fluid acceleration at the entry cormer
by aligning themselves hcadmost into the flow. Despite the furious swimming
efforts ot...hc individuals that did respond in that manner, all except two,.dur-
ing the 1.87 s interval between frames (b) and (c), were carried backwards (still
swimming furiously) and flattened against the screening. The lone fish appear-
ing in the: lower right hand corner of each photograph is a large golden shiner,
swimming iýn the vicinity of the stagnation streamline, that was left over frm a
previous expcriment.

• With virtually no exceptions, fish transported through the entry portal
and iunptngcd on the screenmesh struck the screening well aft or the corner
separation--as did plant matter and the charcoal markers when released 'up-
stream at any location between the stagnation streamline and the left sidewall of
the flume. A typical transport of fish through the entiy portal and to the screen-
ing is sho•n in the photograph and accompanying diagram of Figure I8. All of
the. fish of the photograph were moved along the flux line paths to the down-
stream portion of the screen (to the far right in the photograph). Fish already
impinge.d can be seen in that vicinity or the screening.

At both of the experimental flow settings, Impingement was fatal to all
tested fish.. Owing to thestreamline crowding of the main flow in passing through
the entry portal and around the corner separation, fluid speeds at the screen'
mesh wer'e greatdy elevated over the 30- and 45-cm/s mean upstream velocities;
At the 30-cmn/s setting, thespeed Ivf of the main flowaacrossstation 7 ranged from
500o 100 cm/s (corresponding, say, to about the order of 80 cm/s at the screen).
At the45-cm/s setting, the speed of the main flow across station 7 ranged fromL 80 cm/s to 150 cm/s (corresponding to the order, say, of 120 cm/s at the screen).
The pressure forces of these high-speed flows against impinged fish were great

* enough to impose death or mortal injuries to shiners and stiped bass alike. jY.
Ical (external) damages exhibited by impinged fish are described on Table 2.'

I " n view of the findings from previous laboratory and dild exparitnetnts,
these wholesale mortalities were unexpected.' As reported in another work on

I I



See next page for panels (b) and (c)
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(a)

PIuURE 17.-Successive positions of juvenile stiped bass drawn to the dual-flow appa-
ratus at the 45 cm/s mean flow setting. The time interval was 1.12 s between frames (a)
and (b), and. 1.87 s between (b) and (c).
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FIcURE 18.-Small golden shiners transported through the entry portal and
impinged on the screenmesh at the 30 cm/s mean flow setting. The diagram
shows the positions of the fish in the photograph and the corresponding flux
lines or flow, adjusted for camera parallax.
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TABLE 2.-Injuries typical or fish collected from the lest screen
at the condusions of experiments. Durations of impingements
ranged from 6 to 15 minutes. Standard length L in cm.

# Std L

6.3
5.2

6.7
6.6
5.6
5.6

5.9
6.0
5.4

5.8
5.6
5.0
5.7
6.0
6.0
5.6
5.1
5.5
5.4

7.0
7.2
6.9
6.8

7.2
7.4
7.6
7.2
6.9

Damage
Striped bass, 30 cm/s setting

10% descaled, operculum torn, body crushed.
Tlson split, body crushed.
Operculum torn, trlson avulsed.
15% descaled, body crushed.
Operculum torn, bead and body crushed.
Thison split, body crushed.
10% descaled, eye avulsed, head crushed.
15% descaled, head and body crushed.
Operculum torn, body crushed.
10% descaled, operculum torn, bead crushed.

Small golden shiners, 45-cms setting
60% descaled, body crushed.
20% descaled, body crushed.
40% descaled, body crushed.
2D% descaled, head and body crushed.
60% descaled, head 90% avulsed.
20% descaled, eye avulsed, body crushed.
40% descaled, head crushed.
50% descaled, operculum torn, body crushed.
40% des=led, body crushed.
40% descaled, operculum torn, body crushed.

Large golden sbIners 45-cm/s setting
2D% descaled, body crushed.
40% des= led, body crushed.
60% descaled, body crushed.
50% descaled, bead 90% avulsed.
80% descaled, telson avulsed.
60% descaled, body crushed.
40% descaled, body crushed.
80% descaled, body crushed.
40% descaled, body crushed.
60% descaled, bead 50% avulsed, body crushed.

screening systems (Fletcher 1990), injuries to impinged fish were not extensive
at fluid speeds to 50 cm/s through a conventional cross-flume screen equipped
with a smooth-surface screen mesh, and only slightly greater when fitted with the
same standard mesh employed in the dual-flow experiments. Apparently then,
in the range of fluid speeds between 50 and 80 cm/s at the screenmesh the risk
of mortality to Impinged fish Increases sharply.

Also, the fluid speeds at the screenmesh of a working, linked-panel screen
would actually be greater, for a given flow setting, than those of the experiments
reported here. As opposed to the unobstructed screenmesh of the experimen.
tal apparatus, a travelling dual-flow screen of the kind most often employed
In large water intake systems is composed of linked, rectangular screen panels
whose horizontal framing members offer significant impedence to the approach.
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FIGURCE 19.-Vertical section through typical pane ot'a travelling screen showing path.
lines of flow. Dimension h I is panel-to-panel spacing dimension hi Is the sensible free.
flow area al the screenmesh; dimension h3 is the effective tree.flow area tbrough the panel
structure; dimension h4 is the projected (dynamic) frontal area of the scrcen railian.
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ing flow. The influence of the cross-mcmbers, or rails, of one manufacturer's
panel design is indicated in Figure 19. The flow pattern shown on the diagram
was traced from the photographs of dyed pathlines recovered in (full-scale) ex.
pocrments on screen panels by Fletcher (1990). The sensible flow at the screen-
mesh of anysuch panel configuration is determined by the (vertical) breadths of
the panel rails and by the influences on the main flow of such secondary blocking
flows as the trough vortices shown in the figure.

The rail profiles and details of flow through the mesh of a screen panel
differ somewhat from one manufacturer's design to another, but the ratio of
the sensible free-flow area at the screcenmesh (dimension h2 of Figure 19) to
panel spacing hi is typically 80% or less at a standard panel spacing of 61 cm
(24 in). Therefore, since continuity. for a given volumetric flux Q, requires that
hI V, = h 2 V2 (VI being the mean speed or flow at the unobstructed screen and
V2 the mean speed of flowat the panel screening), then the 80-cm/s unobstructed
screen speeds of the 30-cm/s mean flow experiments would increase to about 100
cm/s if standard height screen panels were employed, and the 120-cm/s order of
magnitude speeds through the unobstructed screen would increase to about 150
cm/s in the case of the 45-cm/s mean Dow setting.

The concave rails of the screen panels shown in Figure 19 are meant
to capture and rescue impounded fish as the screen structure ascends through
the water column. They represent one manufacturer's version of the so-called
Ristroph concept often found on conventional cross-channel screens. In a se-
ries of flow studies on Ristroph screen panels (Fletcher er aL 198M, and Fletcher
1990), the longitudinal trough vortices depicted in Figure 19 were found to be
typical of all manufacturer's Ristroph designs known at the time of the work.
Fish caught in these shear-driven trough vortices were swirled about and severely
battered; the associated injuries and mortalities were greater than those im-
parted to fish by simple impingements against the screen mesh (at moderate
flow speeds).

When a Ristroph apparatus is employed in the manner of a conventional
cross-channel screen (Figures I and 2(a)), captured fish are raised from the wa-
ter on the upstream side of the (upward) moving screen, then dumped into a
sluice for their return to the source waters as each panel overturns on its rota-
tion over the uppermost sprocket of the machine. Ristroph screens are also em-
ployed, without modification, as dual flow screens, and offered by their makers
as putative fish-conserving devices. Aside from the adverse flow conditions char.
acteristic of Ristroph troughs, these adaptations are ill-suited to the workings of
a dual-flow screen. Owing to its dual-entry configuration (Figure 2(b)), water
and fish are drawn to both the ascending and descending sides of the moving
screen. The fish troughs on the descending side are inverted and travel down-
wards, which negates their intended fish-catching function. Although the prob-
lem of the trough vortex has been resolved by at least one new design (Fletcher
1990), no known Ristroph device is really suited to the peculiar functiortings of
a dual-flow screen.

For mechanical purposes and the calculations of moments and pressure
forces, dimension h4 of Figure 19 represents the true projected frontal area of
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the illustrated panel railings, and the ratio of dimensions h3 and h4 determine
the actual streamline compression of the flow passing through the screen paneL
These effects are clearly visible in the dye-marking photographs reproduced in
Fletcher (1990).
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Appendix A
Velocity measurements.

The vclocity measurements tabulated here were read directly from the two-
component analog gauges of a model 51IM Marsh-McBirney electromagnetic
current meter (see Figure 9 for the x.y coordinate orientation In the flume).
Units of the tabulated component values are cm/s. Velocity magnitude fvj at a
measurement point can be calculated from the corresponding z, y components2 2)1/2.
as (uz + )

Flume calibrations. For the calibrations of the free-flow conditions at the 30-
and 45-cm/s mean velocity settings, the cross-flume velocity distributions were
set in patterns like that shown in Figure 6(c). The x and y components of fluid
velocities were measured at the reference stations 1, 2, and 3 identified in Fig-
ure 6(a). A suite of instrument measurements at each station consisted of 70
pairs of component values taken on a vertical grid of 70 points arrayed in 7 rows
spaced over the depth of the flume and 10 columns (numbered 0 to 9) across the
breadth of the flume.

Dual-flow measurements. For the velocity distributions of the flows approaching
and entering the dual-flow screen, the x andy velocity components were mea-
sured at stations 3 and 4 (70 grid points each), stations 5 and 6 (49 grid points
each), and station 7,(77 grid points); see Figure 9 for station locations. At either
of the (30- or 45-cm/s) meanlflow settings, the volumetric flux of water through
the flume with the dual-flow apparatus in place was equal to that of the corre-
sponding tree-flow calibration.
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Flume calibration, 30 C/s mean flow setting
STATION I Column

RawComp. 0 1 2 3 4 5 6 7 8 9

I V, -15 -20 -24 -27 -30 -38 -40 -42 -42 -38
. y 1 3 3 3 4 3 3 4 4 4 2

2 vx -14 -18 -22 -26 -32 -38 -42 -43 -39 -40
VY 4 3 4 4 4 4 4 4 4 4

3 vz -15 -16 -20 ý-23 -30 -36 -42 -44 -44 -40
vy 2 4 4 4 4 4 4 4 4 4

4 V, -14 -15 -20 -22 -30 -36 -42 -44 40 -38
vy 2 3 4 4 4 4 4 4 4 2

5 v. -10 -12 -17 -22 -28 -34 -42 -44 -41 -38
vy 4 2 4 4 4 2 4 2 2 2

6 vs -10 -10 -14 -16 -24 -30 -38 -42 -40 -40
Y 2 2 4 2 2 2 4 4 2 2

7 vz -8 -12 -16 -16 -20 -26 -36 -38 -40 -40
V 2 4 2 4 2 2 2 2 2 2

STATION 2 Column

Raw Comp. 0 1 2 3 4 5 6 7 8 9

1 vs -13 -18 -24 -27 -31 -41 -44 -50 -42 -39
vy .2 2 3 3 3 4 4 4 4 3

2 v -11 -16 -21 -26 -31 -38 -42 -46 -40 -4
2 1 2 2 3 3 3 3 3 2

3 us -12 -16 -21 -26 -32 -37 -42 -43 -40 -38
fi 2 2 2 3 3 4 4 3 3 3

4 tV -10 -16 -18 -26 -32 -37 -42 -44 -42 -40
VI 2 2 2 2 4 4 4 4 '4 4

5 tr -10 -14 -20 -24 -30 -33 -42 -48 -40 -40
vy 2 2 2 0 3 2 3 3 3 3

6 vs -8 -12 -15 -19 -24 -30 -44 -46 -42 -40
VY -2 2 0 0 2 2 4 0 4 4

7 us -8 -10 -14 -16 -24 -30 -36 -38 -42 .-40
V, 0 2 0 0 2 2 2 2 2 2

STATION 3 Column

Raw Comp. 0 1 2 3 4 5 6 7 8 9

1. us -12 -18 -24 -26 -32 -40 -44 -50 -48 -42
vy 2 0 2 2 2 2 2 2 0 2

2 vs -16 -19 -26 -29 -39 -42 -43 -48 -43 -43
vy 2 0 0 0 4 2 2 4 4 2

3 vz -12 -17 -20 -26. -36 -40 -44 -50 -48 -46
ur 0 0 0 0 2 4 4 2 4 6

4 us -13 -19 -22 -27 -38 -40 -45 -48 -47 -42
vy 0 0 0 0 2 4 4 2 4 , 6

5 v. -11 -16 -22 -2a -34 -4 -44 -46 -46 -42
v1 0 0 0 0 0 4 2 0 0 4

6 vt -10 -16 -20 -26 -34 -38 -40 -47 -48 -40
vi 0 0 0 0 0 .-0 0 0 0 4

7 vs -11 a-12 -20 -18 -34 -39 -42 -50 -41 -42
yv 0 2 0 0 2 2 2 2 2 2
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Flume calibratIon, 45 cm/us mean flow setting

STATION I Column

R•wCornp. 0 1 2 3 4 5 6 7 8 9

1 vz -18 -29 -35 -38 -46 -58 -61 -61 -59 -59
Y 6 6 6 6 6 6 6 8 8 4

2 u -16 -26 -29 -38 -47 -56 -61 -62 -61 -59
v 4 4 6 8 6 6 6 6 6 4

3 vi -16 -23 -Z7 -35 -44 -53 -64 -64 -60 -59
.vy .. 2 4 4 6 4 4 4 4. 4 4

4 v,,, -14 -21 -26 -29 -44 -53 -61 -65 -61 -59
Vv• 4 6 6 6, 5 6 6 6 6 5

S Vu -11 -17 -24 -30 -41 -49 -60 -65 -61 -56
ul _6 4 6 6. 6 4 6 4 4 4

6 vz -10 -15 -24 -24 -38 -45 -58 - -60 -59
Vy_ 4 4 6 4 4 4 5 3 4 4

7 v, -8 -18 -21 -29 -36 -40 -52 -53 -54 -53
VV 4 6 4 6 4 4 4 4 4 2

STATION2 Column

RowComp. 0 1 2 3 4 5 6 7 8 9

1 vz -14 -20 -28 -31 -46 -50 -53 -60 -58
vy 4 4 6 6 6 6 6 0 6 6

2 vu -14 -23 -29 -38 -42 -56 -65 -59 -59 -59
.V 4 2 4 4 0 6 6 6 6 6

3 us -20 -23 -29 -26 -36 -53 -612 -6 -59 -56
vv, 4 4 4 6 0 4 6 6- 6 6

4 us -14 -23 1-26 -332 -44 -53 -64 -45 -59 -59

R .y 4 0 42 4 4 6 6 6 6 5
5 v. -16 -20 -29 -34 -42 -47 -61 -59 -59 -59

vy 4 4 4 2 6 0 6 6 6 6

6 v, -1 -18 -21 -26 36 -46 -4 -61 -66 -62 -60
4i -2 4 2 2 2 4 4 6 2 6

7 v --13 -21 -2 27 -32 -41 -5 -55 "-60 -58
v _ 2 4 2 2 4 4 0 0 4 4

STATION 3 Column

Row Comp. 0 ' 1 3 4 S 6 7 8 9

4 v, -162 -9 -30 -38 -50 -59 -62 -69 -64 -57

V 2 4 2 4 4 4 4 2 2 4

2 us -12 -23 -284-36 4-46 -57 -64 -67 4 -6Q
v 2 2 2 2 6 4 4 6 6 4

3 us -13 -28 -28 -33 -42 -53 -62 -9 -61 -57
v, 2 2 2 2 6 4 8 6 6

4 vs -12 -19 -25 -36 "M4 -54 ý-61 .-66 -M4 -.60

Up 2 0 2 2 -.4 6 6 .4 -6 '8
5 v, •-12 -21 -24 -34 -48 -57 --63-67 -67 -62

vy 2 2 0 -2 -2 2 -2 0 2 2
6 v, "12 -18 -23' -3'3 -46. -56 --62 -69 -61 --44

vly 2 2 •0 -2 -2 --2 -2 0 2 6

7 vs -12 -14 -24 -34 -44 -35 -62 -71 -65 -63
vy 2 -2 -2 -4 2 -2 -4 -4 -2 4
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Dual.flow apparatus, 30 cm/s mean flow setling

STATION 3 Column

Row Comp. 0 1 2 3 4 5 6 7 8 9

v v, -33 -35 -38 -42 -30 -14 -8 -4 -14 -33
VV -1 -19 -22 -25 -36 -32 -9 .2 6 2

2 v. -34 -35 -40 -42 -30 -16 -7 -3 -14 -36
v: -2 -17 -23 -25 -37 -34 -9 -2 7 2

3 vx -33 -37 -41 -43 -32 -15 -6 -4 -11 -36

vy -4 -18 -23 -27 -37 -33 -8 -3 9 0
4 v, -33 -37 -40 -42 -32 -15 -7 -4 -12 -36

V -1 -18 -23 -27 -38 -33 -8 -3 9 2
S V. -32 -36 -40 -43 -32 -15 -6 -5 -12 -35

vj -1 -16 -22 -27 -38 -33 -9 -3 9 2

6 v. -33 -37 -42 -44 -34 -14 -7 -4 -12 -37
v -2 -16 -20 -26 -38 -34 -8 -4 9 2

7 vx -33 -35 -40 -42 -36 -12 -5 -3 -11 -32
0 -19 -21 -23 -39 -30 -10 -3 8 2

STATION 4 Column

Row Comp. 0 1 2 3 4 5 6

1 vx -48 -54 -60 -63 -68 -74 •
pw -5 -9 -13 -20 -29 -38 •

2 v, -50 -54 -60 -•6-69 -78 -80
s, -3 -6 -11 -18 -27 -35 -46

3 v, -53 -55 -60 -67 -71 -78 -84
vs -2 -5 -11 -17 -24 -33 -46

4 Ur -54 -56 -61 -65 -73 -80 -84

•v 1-1 -4 -i0 -15 -23 -33 -45
5 vU -54 -55 -59 -66 -73 -79 -84

I1 0 -4 -9 -16 -23 -32 -46

6 U1  -54 -57 -60 -66 -73 -80 -85
vg -I -5 -10 -16 -22 -30 -44

7 U, -56 -58 -61 -67 -74 -78 -83
V, -3 -8.-13 -18 -23 -30-44

STATION 5 Column

RowComp. 0 1 2 3- 4 5 6

1 v, -30 -39 -43 -50 -54 -58 -60
t, 7 12 16 23 30 42 57

2 vz -33 -38 -42 -51 -55 -59 -63
9 8 13 18 23 32 42 58

3 v -34 -39 -42 -50 -55 -60 -63
v:17 13 18 26 32 42 58

4 v, -33 -38 -42 -50 -54 -58 -62
vv 8 13 19 26 33 41 58

5 V5  -32 38 -41 -49 -55 -58 -62
8v 8 14 19 25 33 42 58

6 v, -33 -40 -42 -48 -54 -56 -62
Vii 8 12 2D 26 32 41--.58

7 vx -37 -41, -44 -51 -55 -57 -61
_ 7 12 17 23 31 39 56
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Dual-flow apparatus, 30 cm/s mean flow settlng

STATION 6 Column

Raw Comp. 0 1 2 3 4 5 6

1 Vz 14 '30 14 4 4 -- 6
v 0 -2 17 10 -4 -12 40 42

2 tz 14 -1 -18 8 -2 -6 -6
v1 -2 -8 12 -5 14 26 45

3 vs 18 3 -18 8 -3 -4 -10
V, 0 -12 12 -6 15 24 48

4 ur 20 3 -12 6 ,-2 --6 -14
.vs, 2 -12 15 --6 13 24 46

5 Vt 19 2 -20 2 -'2 -3 -14

vvf 0 -10 14 -8 10 25 44

6 v. 15 0 -20 10 -8 -7 -I!
vy -2 -8 14 -12 16 20 44

7 vz 12 0 -23 15 -10 -10 -20
,v -2 -6 8 -22 16 18 37

STATION 7 Column

Row Comp. 0 1 2 3 4 5 6 7 8 9 10

1 v1  -12 -20 -28 -35 -50 -63 -77 .7 . -105 -74
vu 16 32 44 56 58 51 22 * * -29 -55

2 vx -4 -21 -30 -39 -55 -73 -.86 -92 -32 -106 -73
vy 19 37 48 58 61 57 46 30 -4 -28 -55

3 v, -4 -24 -30 -36 -53 -74 --88 -93 -30 -106 -72
vy 18 39 48 58 60 59 47 28 -2 -28 -55

4 v. -3 -22 -29 -38 -54 -74 --89 -90 -28 -105 -74
Ur 19 39 50 60 62 61 .48 26 0 -28 -55

5 VZ -6 -20 -30 -38 -52 -72 -91 -94 -27 -105 -74
vu 20 39 48 58 60 60 50 23 -2 -27 -56

6 V, -5 -23 -30 -37 -52 -70 -92 -92 -25 -106 -73
v1 21 37 46 58 60 57 46 25 -3 -28 -57

7 v, -8 -25 -33 -38 -50 -71 -90 -93 -30 -105 -74vy _ 18 35 42 55 52 55 44 25 -4 -26 -59

Water surface depressed below reference point (see Figure 8).
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Dual-flow apparatus, 45 cm/s mean flow setting

STATION 3 Colurmn

RowComp. 0 1 2 3 4 5 6 7 8 9

1 v, -55 -57 -55 -41 -25 -14 -11 -9 -25 -46
v. -9 -27 -39 -53 -48 -34 -23 0 14 4

2 v5  -57 -60 -60 -46 -25 -14 -9 -9 -25 -57
.. -9 -27 -44 -57 -48 -39 -14 -1 18 9

3 vr -59 -62 -67 -46 -23 -16 -7 -7 -18 -55
,v -6 -25 -41 -59 -53 -37 -14 -1 23 I!

4 v,, -57 -62 -64 -52 -27 -14 -11 -9 -21 -55
vi -4 -20 -39 -57 -53 -37 -11 -1 18 11

5 vt -55 -61 69 -57 -30 -i8 -7 -9 -23 -55
V -7 -21 -34 -53 -55 -34 -11 -2 18 9

6 vz -55 -62 -69 -53 -30 -14 -7 -9 -23 -53
vi, -2 -21 -37 -53 -50 -39 -16 -1 16 9

7 vz -55 -59 -64 -46 -18 -9 -4-4 -18 -46
Vy -2-27 -46 -64 -57 -34 -14 0 18 7

STATION 4 Column

Row comp. 0 1 2 3 4 5 6

I v. -.66 -74 -86 -93 -97 ' ,
-9 8 -7 -41 -52 b ,

2 vX -66 -76 -90 -97 -104 -115 -115
vy -5 -9 -20 -32 -46 --63 -80

3 v. -M -83 -91 -97 -105 -115 -126
Up, -2 -10 -20 -32 -45 --63 -80

4 v,. -M0 -83 -8 -97 -109 -120 -126
Uf -2 -7 -17 -23 -34 -57 -80

5 v, -80 -83 -88 -97 -109 -125 -126
V, 0 -6 -11 -23 -34 -52 -75

6 tvz -8W -86 -92 -102 -110 -120 -126
vY -2 -7 -11 -20 -34 -52 -69

7 vs -86 -87 -92 -97 -109 -116 -126
Vy '-6 -16 -22 -30 -35 -50 -70

STATION 5 Column

Row Comp. 0 1 2 3 4 5 6

1 vz -45 -60 -69 -75 -80 -.86 -87
ly 9 18 28 34 48 74 92

2 v5  -57 -63 -67 -80 -89 -92 -97
vy 11 18 25 37 53 74 92

3 vs -46 -66 -76 -85 -89 -93 -97
1 14 21 27 39 52 69 92

4 u, -50 -57 -66 -74 -. -"86 -92
v 9 18 32 41 57 74 92

5 v. -55 -62 -65 -73 -77 -80 -86
v 11 23 32 42 60 75 92

6 vs -55 -63 -69 -71 -74 -77 -81
Vy 9 21 34 44 55 69 86

7 vs -66 -.69 -73 -77 -79 -81 -82
9vy 9 14 19 29 46 57 64
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Dual-flow apparatus, 4S cm/s mean flow setting

STATION 6 Column

RowC omp. 0 1 1 2 3 4 5 6

' v, 21 -23 25 -11 -23 -14 -4
vy -21 -14 -7 7 21 30 50

2 vr 18 17 0 -23 -23 -18 -12

vy -18 -14 -11 11 23 34 55

3 v, 21 21 0 -21 -18 -14 -12
vy -14 -23 -it 11 23 39 69

4 v. 34 14 -5 -14 -5 -5 -23

V -11. -21 -21 11 18 34 ,66
5 V.' 34 14 -7 -14 -5 -5 -21

t•y -11 -11 -11 2 7 37 62

6 v, 21 -34 -39 -30 -23 -23 -1-

4vy -7 - 5 9 -2 7 23 37 60-

72 vz -5 -41 -23 -41 -102 -34 -34
vy -5 -7 -11 7 25 8 30 41

STTI ON 7 Col umn

Row Com1'p. 0 1 2 3 4 5 6' 7 ' '9 10

3 V, -23 -39 -52 -66 -81 -26 - - 6 -103 -16
vv 2 7 6 6 3 64 74 78 82 9 -57 -81

2 vr -7 -43 -59 -80 -102 -132 -125 -107 -75 -149 -101
v 3 30 57 71 78 9 830 62 0 -11 -71 -86

3 v,, -2 -37 -560 -79 -901 -126 -133 -903 -86 -1497 -106

vy 23 64 78 ,8 82 80 53 17 -.8 -73 -86
4 "v, -6 "-30 -55' -80 -103"-W2 -135 -76 -75 -149"-107

.V1 32 66 80 91 94 83 57 15 -11 -70 -87
5 'Uz -2 -38 -56 -W0..... -94 -117 -124'"' -M-89..86 -147 A 10

.V~Y 39 69 78 '83, 88 80 62 14 -11 -69 4-.6

6 uj -12 -0 -57 -79 -92 -110--120 -86 -80 -149 -l10
-VR 39 59 69 80 76 69 62 14 -I1 -67:: -89

7 v. -35 -57 -74 -80 -92 -106 -110 -44 -97 -147 -110
, 23 39 46 60 69 ý 62 55 14 -14 64 -93

• Water surface depressed below rererence point (see Figure 8).
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Appendix B

Method for estimating instantaneous rates

Because the general governing equations (1) and (8) of the text are autonomous
(the independent variable does not appear), their coefficients, and hence the co-
efficients of their solution graphs, can often be resolved from phase-plane fittings
of the governing equations themselves. Equation (1) has a parabolic trajectory
in the z, z' plane (as shown in Figure 13), while equation (2) has a straight line
trajectory. For such a procedure, however, values of z' must first be determined
from the (t, z) data set. The following method was employed for estimating z'
values from the (t, z) measures associated with equations (3), (4), and (5).

Given a set .. ., (t, z),...) of discrete points measured at regular intervals
At, we assume that a continuous function F(t) exists such that z = F(t) for all
such points. Let {((t, z,),..., (is, z5)) be a set of any five sequential points of
F(t) and presume that we wish to estimate

dF(13)di(i)

when ti+i - t, (- At) is constant for i = 1,...,4. Three arcs of a degree 2
polynomial are now filled to the data, three points at a time; (i) is estimated
from each of the arcs and the three estimates averaged. Write the polynomial as

z = + ( (ii)

(a standard position parabola), whose derivative is

d2 d'-t = of +,0.(iii)

Without loss of generality, let t3 = Oso that

11 = -2Ai,

t2 = -At,

t3 = 0,
t4 At,
95 = 2A1.

For the first three points ((ti, zt), (12, z2), (t6, z3)), the corresponding values of
z from equation (Hi) are.

zi = 4a(At)2 - 20A1 + C,
Z= (At)2 - +, (iv)

Z3 =
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From equation (iii) it is clear that we need only find coefficient p3, since, in gen.
eral, we want to determine (i) where (3 = 0. Therefore, by solving equation set
(iv) simultaneously for/(, we can write,

z - 4z 2 + 3z 3  dF (03)(V

2At = d- (v)

Similarly, for the second set of points {(t2, z2), (t6, zA), (14, z4)), we have

z2 = o(At) 2 -_iAt + C,
Z3 = C

Z4 = a(At)2 + #(A) + (,

by which the second value of coefficientO7 becomes

z4 - X2 dF2(t3)2 At T (vi)

For the final set of points {(13, z3), ( 4, z4), (t4$ zS)),

Z 3 =

z4 = a(At) 2 +/3#A +,
z5 = 4a(At)2 + 2M,1 +c,

and the third value of/ becomes

= 4z 4 - zs - 3Z3 = dF 3((3)
2,t - dt (v)

The desired quantity (i), which is the estimate of z' at Z((3), is recovered by
averaging ( over equations (v), (vi), and (vii), or

dF(t3) z- 5z 2 + 5z4 - zs
dT 6At (viii)

The foregoing calculations are incorporated into the Fortan program that [ol-
lows. The program will yield n - 4 sequential estimates of z' for n-many points.
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I DIMENSION T(100).Z(100),DF(100)
2 1 READ(5,55)NDT
3 55 FORPAT(13,F10.0)

4 DO 3 I=I,N

5: 3 READ(5,33)T(I),Z(I)
6 33 FORMAT(2F10.0)
7 WRITE(6,44)
8 44 FORMAT(' I T(I) Z(I) DF(I)'/)

9 NN=N-2

10 DO 7 I=3,NN

11 Q=Z(I-2)-S.*Z(I-1)+5.*Z(I+1)-Z(I+2)
12 DF(I)=Q/6./DT
13 7 WRITE(6,66)I,T(I),Z(I),DF(I)
14 66 FORMAT(I3,3FI2.5)
15 GO TO 1
16 END

N: number of data points.
T: independent variable i (distance z or y).
Z: dependent variable z (-v.ii or jvj).
DT: constant distance Interval at between data points.
DF: the estimate of dF(f3)/dt.
Lines 11 and 12: equation (viii).
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Abstract. -Large water-use facilities are often equipped with vertically travelling debris barriers
known as Ristroph screens. Although made in a variety of configurations, all such screens are
equipped with some manner of fish-catching troughs or rails, and all operate on the principle of
direct contact and active removal of impounded fish and debris. The imposed fish mortalities
associated with these machines are commonly attributed to the consequences of impingements (to
fish being flattened against the screening by the force of the inflowing water), but the laboratory
and field experiments reported here imply that in those circumstances where the screens travel
continuously and where water speeds are moderate, the major underwater injuries are attributable
instead to buffeting of captured fish within the fish troughs proper. Dye studies of the flows peculiar
to various manufacturer's trough designs showed the water within a trough confines to be shear-
driven by the main flow, which produced a longitudinal vortex of such strength that captive fish
were swirled about and thrust repeatedly against the screen structure. Captured fish often escaped
an ascending trough just before its leading edge broke the water surface, and their repeated en-
counters with the fish recovery apparatus increased the risk of mortality. From flow analyses of
reshaped trough and screen profiles, a flow spoiler was devised that eliminates the trough vortex
and buffeting of captive fish. The escape of fish at the water surface was eliminated by means of
an auxiliary screen affixed to the leading edge of each fish trough. Field experiments revealed other
sources of mortality, chief of which was the entanglement of fish in captured debris. As a coun-
termeasure, the order of removing fish and debris was reversed. A reconfigured machine, including
the redesigned fish-catching apparatus, was installed and tested at a nuclear generating station on
the Hudson River estuary. In tests similar to those on the unimproved machine, injuries and
deaths were reduced from 53 to 9% for striped bass Morone saxatilis. from 64 to 14% for white
perch Morone americana. from 80 to 17% for Atlantic tomcod Microgadus tomcod, and from 47
to 7% for pumpkinseed Lepomis gibbosus. Striped bass losses to the debris removal system were
reduced from 23% of recoveries to zero, white perch losses from 33% to 1.3%, and Atlantic tomcod
losses from 20% to 0.3%. Release-recovery experiments with juvenile striped bass and white perch
revealed probabilities of capture characteristic of weak and strong swimmers.

Facilities that draw water in large volumes from
'Contribution 695 of the Marine Sciences Research natural sources are commonly equipped with some

Center, State University of New York at Stony Brook. form of barrier screens for removing unwanted
'Research supported by Hudson River Fishermen's

Association, Consolidated Edison Company of New debris from the indrawn water. Quantities of local
York, New York State Power Authority, and Envirex, organisms are also carried into the screenwells by
Inc. the inflows and killed. Such small organisms as
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fish eggs, fish larvae, early juveniles, and inver-
tebrates that pass through the meshes of the bar-
rier screening are said to be entrained; fishes flat-
tened against the screening: by the force of the
flow-generally those larger than 45 to 50 mm in
length-are said to be impinged.

The mortalities imposed on fish stocks by en-
trainments and impingements are often very great.
The annual cooling water demand of the Salem
nuclear generating plant in New Jersey accounts
for an estimated 11% direct reduction in the year-
classes of weakfish Cynoscion regalis of the Del-
aware River estuary and a 31% direct reduction
in those of the bay anchovy Anchoa mitchilli (Ver-
sar 1986). In the Hudson River estuary during
summer periods of high electric power demands,
the water diversions of the several generating plants
often exceed the freshwater input to the river. Im-
pingement croppings alone reduce the annual year-
class abundances of Hudson River white perch
Morone americana by 20% or more (Van Winkle
et al. 1980), and the year-class losses of striped
bass Morone saxatilis to entrainments and im-
pingements are 10 to 15% (Barnthouse and Van
Winkle 1988; Boreman and Goodyear 1988). The
long-term consequences of these annual reduc-
tions remain unknown, largely because of the un-
resolved debates over "compensation" in fish
stocks (the hypothesis that reduced mortality
among the young ensues from reductions in their
abundances) and the difficulties of separating long-
term productivity reductions from natural varia-
tions in recruitments. In many cases, nonetheless,
the effects of continued water withdrawals are be-
lieved to pose serious threats to the perpetuation
of indigenous species, especially where such facil-
ities as municipal pumping stations, electricity
generating plants, pulp mills, pumped storage in-
takes, and inlets to pumped irrigation canals are
located on spawning and nursery grounds.

In the Hudson estuary, some mitigation of en-
trainment loss has been realized through reduc-
tions in withdrawals of power plant cooling water
during spring and summer, when the early life
stages of most fish species are abundant. This net,
seasonal reduction in water usage was one of the
settlement provisions of the 1977-1980 adjudi-
catory proceedings of the U.S. Environmental
Protection Agency known as the Hudson River
power plant case (Sandier and Schoenbrod 1981;
Limburg et al. 1985; Englert et al. 1988).

Reducing impingement losses (which are great-
est during winter) has been a more difficult prob-

lem, because few of the intake systems of the Hud-
son River plants had been designed with fish
conservation in mind. The settlement agreement
called for replacing the debris screens in the twelve
intake bays of the Indian Point nuclear stations
(the sources of greatest impingement kills) with
angled screens and pumped fish bypasses, and for
considerable alterations to the civil works of the
plants. Owing, however, to a subsequent analysis
that showed the proposed angled screen designs
to offer little promise of bringing about significant
reductions in impingement kills, the settlement
parties ultimately rejected angled screens in favor
of "alternative mitigation measures," as allowed
by the settlement agreement. The operators of the
Indian Point plants (Consolidated Edison and the
Power Authority of New York State) then elected
to install and test a candidate device, known ge-
nerically as a Ristroph screen, in one intake bay
of Indian Point nuclear unit 2 (the Consolidated
Edison plant).

Although virtually every manufacturer of
screening devices for water intake systems has its
own version of the Ristroph screen, the operating
principles and intended functions of each are sim-
ilar. As originally manufactured by the Royce
Equipment Company of Houston, Texas, the trial
machine was configured essentially around a stan-
dard, continuously travelling, through-flow screen
where linked, rectangular screen panels are moved
vertically around large sprockets in the manner of
an endless chain, the whole being normal to the
inflowing water and spanning the width of the in-
take bay. When the panels of such a screen are
fitted with small troughs or concave rails for draw-
ing entrapped fish from the water, the device is
commonly regarded as a Ristroph screen, without
distinction. The fish-catching rails of the Royce
trial machine were semicircular in profile, and the
surface of each screen panel was inclined to the
flow, a geometry peculiar to the Royce design that
proved to be somewhat helpful in reducing inju-
ries to fish once they were impinged (thrust against
the screen mesh). In general, as a screen assembly
so configured travels around its driving sprockets,
the linked screen panels and their attached fish
troughs ascend from the water on the upstream
side of the machine. As a screen panel rotates over
the uppermost sprocket, the fish trough spills out
its captive water and fish. The released fish are
then meant to fall or slide along the incline of the
overturning panel and into a sluice for their return
to the source waters. As the screen panels continue
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their descent past the fish sluice, debris and fish
remaining on the panels are forcibly blown into a
debris sluice by a row of high pressure water jets.

The testing bay at Indian Point, like each of the
twelve intake bays, is 3.4 m wide, the water depth
is about 8 m, depending on the tide, and the over-
all screenwall depth is 12.8 in from the machinery
deck to the floor of the intake bay. These dimen-
sions are fairly typical of power plant intake sumnps
where steam condensers are cooled by water drawn
from natural sources. The trial machine (called
screen version I here) was operated in a normal
fashion in the testing bay over a 3-month period
from 16 January to 19 April 1985, during which
time opportunistic collections of recovered river'
fish were made by Normandeaui Associates, con-
tractors to Consolidated Edison. The collected
samples were examined for deaths and injuries,
held for 96 h, examined again, then tallied, mea-
sured, and identified. As revealed by this field test
(Consolidated Edison 1985), the trial machine im-
posed high mortalities on several collected spe-
cies, not unlike the magnitudes of mortality ob-
served at other power plants employing similar
screening devices. Owing to its unexceptional per-
formance, the trial machine was judged by certain
of the settlement parties (EPA, the Hudson River
Fishermen's Association, the Natural Resources
Defense Council, and the Department of Envi-
ronmenital Conservation of New York State) to be
no more acceptable as the device of choice than
the rejected angled screen system.

Failings of Screen Version I
At the request of the Hudson River Fishermen's

Association, I examined the trial screen and its
operations with a view to recommending altera-
tions in the design of the machine that might re-
duce the kills of recovered fish to more acceptable
levels. Some of the conditions adverse to fish sur-
vival, especially in the functionings of the appa-
ratus above the water surface, were fairly obvious.
Those shortcomings and their remedies are re-
viewed only briefly here. The topics of greater im-
mediate interest are those previously unexamined
transactions between fish and flows beneath the
water surface and the postulated events governing
fish captures and kills that proved erroneous.

Above- Water Fixes
In addition to such easily cured failings as cap-

tive fish being stuck fast to the overturning panel
troughs, fish otherwise released from the troughs

often become entangled in a matrix of screen de-
bris instead of falling into the fish return sluice as
intended. Fish so immobilized on the screen pan-
els were carried past the fish sluice into the path
of the high-pressure debris jets and killed. Fish
lost in this manner accounted for large propor-
tions of the observed mortalities.

The trial machine had been fitted with a di-
rected, low-pressure spray that was meant to aid
in freeing fish fro m the surfaces of the overturning
screen panels by spraying water through the screen
mesh from a location between the ascending and
descending halves of the machine. When the screen
was not fouled with debris, the fish spray fuinc-
tioned as intended, but during winter and spring
months the Hudson is burdened with a tough, fil-
amentous macrophyte that thoroughly clogs the
screening. In being drawn into the plant intakes
and stapled into the meshes of the barrier screen-
ing by the force of the inflow, the algae form a
tangled blanket of matter over the screen panels
not easily penetrated by the fish sprays. The prob-
lem of debris and fish separation was resolved by
reversing the sequence of removal (debris first,
fish last). The related alterations to the trial ma-
chine (see items t, F, H, J, KL of Figure 1) were
essentially five in number.

(1) The primary high-pressure debris header was
repositioned (to location J1) so that its jets blow
through the ascending screen panels.

1(2) The primary debris sluice (K) was relocated
to the ascending side of the machine.

(3) Spray deflectors were added to the fish rails
for preventing disturbance to captured fish as the
ascending rails pass through the relocated debris
jets.

(4) An articulated shield (L) was added for pro-
tecting the ascending fish rails against the debris
that otherwise falls into the rails as the screen pan-
els pass through the relocated high-pressure debris
spray.

(5) Inside and outside low-pressure fish sprays
(E, F) were added and the fish sluice (H) was wid-
ened.

In both full-scale flume experiments and site
testing, the relocated high-pressure jets removed
embedded debris from the screening as intended;
fish carried by the fish rails passed undisturbed
through the debris spray, and the mistransport of
fish to the rear debris sluice was virtually elimi-
nated.

Although the problems of fish and debris sep-
aration were remedied by the modifications listed
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- C Water surface

.•*A Screen panel, typical.

OB" Fish truh& auxiliary screen.

FLOW •" C Driver sprocket.

zD Overturning screen panel.
-N A *E Header, outside fish spray.

*F Headers, inside fish spray.
G Flap seal.

V *H Fish recovery sluice.
4*J Header, primary debris spray.

K Primary debris sluice.4 - L Articulating debris shield.

M Secondary debris spray.
N Secondary debris sluice.

Endplates ... 'New or revised element.

FIGURE 1. -Vertical section of a prototype Ristroph machine showing the modifications incorporated into the

reconfigured version. The screening apparatus proper, whose principal function is the protection of an intake sump

from water-bonme debris, consists of linked, rectangular screen panels that are rimoved vertically around motor-

driven sprockets. Debris and fish captured from the water by a screen panel (A) and its attached fish rail or trough

(B) are carried from the water for disposal. As a panel (D) rotates over the uppermost sprocket (C), the fish rail

spills out its captive water and fish; released fish fall or slide along the incline of the overturning panel into a fish
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above, those remedies were limited to the observ-
able functionings of the screening system above
the water surface. Whether the fish rails actively
captured entrapped fish or merely lifted impinged
fish from the water, and the extent to which the
design of the screen and fish-rail system itself might
be contributing to death and injury of captured
fish, were questions still unresolved.

Fish and Flow Experiments in a
Hydrodynamics Flume

Although I searched 30 years' worth of industry
and refereed literature, I found no evidence that
the flow patterns and fish behavior associated with
any of the various Ristroph fish-trough and screen
designs had ever been observed. Aside from un-
supported suppositions about the mechanics of
impingement and fish capture, reported testings
of Ristroph machines are limited by custom to
black-box field experiments, so to speak, in which
only the output signals (the opportunistic appear-
ances of fish and their condition on recovery) are
measured. Except for a rare marking experiment,
input signals (the rates of fish entrapment and
screen encounter) and signal processing (the phys-
ical and probabilistic processes governing capture
and injury) are not examined.

By good fortune, the manufacturer of the Indian
Point trial machine, on receiving notice of the
machine's rejection and a copy of the field report
to the fishermen, constructed a duplicate of the
machine in that company's instrumented hydro-
dynamics flume in Houston, all of which was made
available to me for experimental work, along with
the services of a fabricating shop and the assist-
ance of two skilled technicians, Trent T. Gathright
and Richard Ewbank. The flume was equipped
with underwater filming ports, a color video cam-
era and monitor, 35-mm cameras, and a low-light
charge-coupled device. (for filming in near dark-
ness). The flume and its equipment are more fully
described by Figure 2. In addition to the conve-

niences for developing and testing the above-water
improvements already described, the full-scale
structure of the flume-installed machine enabled
us to study, directly and under laboratory condi-
tions, the nature of subsurface flows and the re-

alistic behavior of fish in contact with the screen-
ing and recovery apparatus.

We commenced our underwater experiments by
releasing fish upstream in the flume and filming
their behavior as they were carried downstream
to the operating machine. Most of the fish em-
ployed in these early experiments were juvenile
golden shiners Notemigonus crysoleucas, a tender
species we found useful in detecting sources of
injury and descaling. (In later experiments we also
employed striped bass and white perch from the
Hudson.) We released two sizes of Golden shiners
(of 6.5- and I l-cm fork lengths) in batches of 20
to 50, and repeated experiments at two flow speeds
(30 and 45 cm/s, speeds representative of large
water intake systems). At both water speeds fish
behavior was similar, although the smaller fish
were less able to stem the flow at either speed. We
discovered that actively swimming fish (those able
to maintain station ahead of the screen face) were
not readily caught by the (upward moving) fish
troughs. Virtually all of the test fish that did enter
the fish troughs had been forced down the inclined
surfaces of the panel screening (an action induced
by the oblique attack of the flow) after being im-
pinged (flattened) against the screen mesh. Once
in the vicinity of a fish trough, they were caught
in a secondary flow, interior to the trough, that
swirled them about in rapid orbital motions, as
depicted by Figure 3. Fish captured in this fashion
were injured less by their motions along the screen
mesh (which, in the trial machine, had a smooth-
woven surface) than by the battering they received
in the fish troughs. We also discovered that cap-
tured fish often escaped an ascending fish trough
just before the leading edge of the trough broke
the surface, as indicated on Figure 3. Apparently,
the fish were able to sense their nearness to the

sluice (H) and thence to a conduit for their return to the source waters. In the standard version, debris and fish
that remained on the screen panels were blown from the screening into a rear debris sluice (N) by a row of high-
pressure water jets (M). In the revised version, debris is removed from the screening by a high-pressure spraywash
(J) that blows through the ascending side of the screen. The spray is interrupted by deflectors on the spray sides of
the fish rails, which prevent disturbance to the water and fish contained in the rails. Released debris, which would
otherwise fall into the fish rails and displace the captured fish, is deflected by a five-pin articulating shield (L) into
a relocated debris sluice (K). The standard high-pressure header (M) and debris sluice (N) are retained as secondary
devices. New and relocated low-pressure sprays (E and F) aid in the release of fish from the overturning screen
panels and fish rails. A redesigned fish rail and an added auxiliary screen (B) lessen the injuries imposed on fish
during the capture process.



398 FLETCHER

Propeller
shroud

-i~ishollct ".Expansion
duct

Test device

Filming Filming
cubicle ports

(Overhead
camera

- gantry)

Return
duct

3SPECIFICATIONS
0-0 Flume type: open channel, recirculating.

LA.

u. Construction: steel. Carboline epoxy coating.

Dimensions: length 15.3 m; channel depth 152
all: channel width 214 cm.

Fluid: 60.500 L fresh water, continuous filtra-
tion.

Fluid driver: shrouded propeller. 61 cm dia..
Flow hydraulically driven and controlled.straighteners

Prime mover: 112.000 W electric motor con-
. • L ii~i I nected to pumps of hydraulic system.

and Hydraulic system: dual pumps. 378 L/mmn at
releasing cages 138 bar; 1135 L reservoir and auxiliary coolers.

Flow distribution: 98 metering gates from inlet
chamber.

Flow geometry: laminar in test section at flow
Accelerating speeds to 60 cm/s.

section Flow monitoring electromagnetic velocity me-

ter with x-y analog readout: attached to digital

Metering gates converter. 'Three-dimensional velocity display
on monitor and plotter.

Recording apparatus: color video camera: low
light ccd camera; 35mm cameras. White and

Inlet chamber infrared lighting: underwater filming ports.

FIGuR 2.-Diagram of the Royce hydrodynamics flume.
-r
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water surface; some reacted to it by darting out
from the trough confines into deeper water.

The smooth-woven screen mesh employed by
the maker of the trial machine differs from the
more standard crimped or welded wire mesh cus-
tomarily employed in water screens. In the inter-
ests of completeness, therefore, we fitted panels of
our test machine with standard 0.95-cm (%-in)
crimped mesh and found that golden shiners im-
pinged on that material suffered considerable de-
scaling in comparison to the near absence of de-
scaling with the smooth-surface mesh.

We also held the screen stationary in the flow
and allowed impinged fish to remain flattened
against the screen panels (panels equipped with
the woven mesh) for increasing periods of time.
Fish that died after prolonged immobilization (30
min or longer) apparently suffocated, owing to im-
pairment of opercular movement, but impinge-
ment periods of 10 min imposed no apparent trau-
ma on any species of tested fish. Post-event
mortalities were no greater over 48-h holding pe-
riods than those of control fish (which were gen-
erally less than I%).

In the field testing of the original trial machine
(of screen version 1) by Consolidated Edison, col-
lected fish exhibited such injuries as contusions,
descalings, anal hemorrhaging, and lacerations.
Some of the fish dead on collection bore no visible
injuries, and some fish, otherwise without integ-
ument damage, appeared to be stunned and ex-
hibited erratic swimming behavior. Such injuries,
like those observed in field testings of fish screens
at other locations, were presumed to have been
the consequences of impingements-of violent,
flow-induced encounters with the screening ma-
terial proper. Our flume observations contradict
that assumption.

For the original field testing of screen version
I, the screen panels had been fitted with the
smooth-woven mesh, and the screen was rotated
continuously (as it was designed to do). At its (ver-
tical) operating speed of 3 m/min, the maximum
period of fish impingement could not have ex-
ceeded 3 min. Fish that escaped the ascending
troughs at (or below) the water surface experi-
enced repeated impingements or captures, of
course, thus increasing their injury risks, but in
view of the results of the flume experiments, the.
most probable injury risk to a fish eventually re-
covered would not have been impingement as such,
but rather the battering it was likely to have re-
ceived after its capture (or repeated capture) by a

panel rail

mesh

FLOW -. '.

Fish trough
(lower rail of
screen panel)

1
a

C

panel rail

Screen mesh

FiGumt 3.-Vertical section through screen panel of
the trial machine (screen version I) indicating the effects
of the flow on captured fish. Overall height of each panel
is 60 cm. Width of fish trough is 15 cm; depth is 7 cm.
Most of the test fish that entered a fish trough had worked
their way down the screen mesh after encountering the
screen, a net movement induced by the oblique forcing
angle between the flow and screen surface. Once in a
trough, fish were caught in a secondary flow that swirled
them about in rapid orbital motions. Captured fish often
escaped just before the leading edge of the trough broke
the water surface.
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Ristroph trough, the very device meant to rescue
the fish from the consequences of impingement.

For more detailed study of flows and fish be-
havior, we constructed cross-sectional replicates
of various manufacturer's trough and panel de-
signs, each with its end nearest the camera capped
off with a clear acrylic plate, which allowed direct
viewing into the interior of the troughs. Figure 4
shows two such configurations suspended in the
flume and the effects of the trough vortices on
captured fish. In these experiments, injuries im-
posed on fish, irrespective of trough shape, were
like those observed in Consolidated Edison's field
tests.

Flow Mapping

As the means for establishing flow profiles of
trough and panel configurations, we injected dye
(potassium permanganate) into the main flow at
1-cm vertical intervals, just upstream of the sub-

ject, and photographed each dyed pathline (40 to
50 per profile). Two such pathlines of flow are
shown by Figure 5. From the photographs we con-
structed composite pathlines and established the
complete flow profiles of various trough and panel
designs. Figure 6 shows a typical trough vortex
where dye has been injected directly into the
trough. The dyed region immediately downstream
of the panel rails in Figure 6 reveals a zone of
stalled fluid. At the two experimental (mean up-
stream) flow speeds of 30 and 45 cm/s, the flow
geometries of a particular trough and panel section
were similar except for the angular velocity of the
trough vortex, which increased with increased flow
speed. The two water speeds selected for the flume
experiments are consistent with those reported for
power industry testings of screening systems. At
the Indian Point station where the field work was
done, the mean upstream water speed in the test-
ing bay varied with the tidal cycle but rarely ex-
ceeded 30 cm/s.

Figure 7 depicts the composite pathlines of flow
recovered from the dye studies on the trough and
panel design of the Royce trial machine (screen
version 1). Although panel sections were held sta-
tionary in the flow for the dye studies, the vertical
speed of a travelling screen is nearly an order of
magnitude less than the upstream water speed (and
considerably less than the speeds of the acceler-
ated flows around the panel railings and through
the screen mesh) and therefore imposes no signif-
icant distortion on the flow geometry as depicted.

FIGURE 4.-Arrangement in flume of typical cross-
sectional testing panels showing action of shear-driven
trough vortices on captured golden shiners. The trough
and panel design of the trial machine is shown above; a
more standard Ristroph design is shown below. The main
flow was moving from left to right in both views; fish
were swirled in a clockwise direction. The upstream flow
speed in both photos was 30 cm/s. Note the several fish
impinged on the screen mesh in the upper photograph.

Redesigning the Fish Troughs

In addition to wanting a fish-catching trough
that reduced the probability of injury to captured
fish, we had to accommodate several other con-
straints in our experiments with alternate designs.
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FIGuRE 6.-Dye injected directly into fish trough re-
veals the standing vortex. Speed of the approaching flow
was 30 cm/s. The dyed area behind the panel railings
reveals a region of stalled fluid; areas above and below
have been swept clear of dye by the main flow.

thereby increasing their risks of mechanical inju-
ry, and during winter in boreal locales like the
Hudson, exposing a small fish to the atmosphere,
even for a few minutes, can bring on rapid cooling
and drying and the risk of flash freezing. The ge-
ometry of any new trough design also had to ac-
commodate the linking of screen panels and their
articulation in passing around the driving sprock-
ets of the machine. Most importantly, of course,
the troughs had to catch fish, whether impinged
or swimming in the vicinity of a moving trough.

Mindful of the foregoing constraints, we devised
several trough shapes around two fluid dynamical
precepts. Because we wanted the water interior to
the trough to be free of motion with respect to the
trough boundaries, or nearly so, we either had to
devise a compound trough shape that would bring
about a flow stall immediately upstream of its en-
try, or add some feature to the trough that might
create a turbulent boundary region between the
shearing action of the main flow and the fluid in-
terior to the trough. I elected to try the flow-stall-
ing alternative by way of finite-element modelling
of shapes and flows on the computer. Of the var-
ious trial geometries analyzed in that manner, the
most promising was a G-shaped affair where the
stagnation streamline was precisely centered on
the trough entry. In flow trials, however, that pre-

FiouRE 5.-Typical dye marking of flow pathlines.
trough and panel section of the trial machine (above)
and a standard Ristroph design (below). Complete pro-
files of flow pathlines consisted of similar dye releases
at vertical intervals of I cm.

An acceptable trough had to retain water as well
as fish during its ascent' from the surface of the
source water to its overturn at the upper sprocket
of the machine. Although panel troughs (or bas-
kets) constructed of wire mesh or having perfo-
rated bottoms are furnished by some manufac-
turers, such designs work against fish survival. Fish
tend to flop about in a trough empty of water,
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FIGURE 7.-Composite flow profile at the panel rail-
ings of the trial machine, reconstructed from photo-
graphed dye releases. At (approaching) flow speeds of
30 and 45 cm/s the flow geometries were similar, but
the angular velocity of the trough vortex was approxi-
mately 7.5 rad/s at the 30-cm/s flow speed and 11 rad/s
at the 45-cm/s flow speed. The trough water is indepen-
dent of the freestream flow through the screen except for
turbulent exchange across the (shearing) boundary be-
tween the two.

ciseness proved overly crucial to stability. Im-
posed, upstream perturbations in the approach
flow (like those one might expect in natural intake
flows) displaced the stagnation streamline and the
unwanted vortex appeared inside the trough con-
fines.

In the meanwhile, the technicians were experi-
menting with trough compositions of their own
devisings. Gathright stuck on the simple but suc-
cessful stratagem of recurving the leading edge of
the Royce trough into various angles of attack un-
til he arrived at a configuration that created a trail
of disordered flow over the trough of a strength
sufficient to separate the shearing action of the
main flow from the trough interior. Because of the
unstable (or fluctuating) nature of a turbulent wake,
the front of the trough was elevated as shown in
Figure 8 to prevent intrusions of the wake into the
trough interior. Except for turbulent exchange
across the wake, the fluid interior to the trough

FiouRE 8.-Composite flow profile at the panel rail-
ings of the reconfigured machine, reconstructed from
photographed dye releases. At test speeds of 30 and 45
cm/s, the flow geometries were similar. The spoiler-at
the leading edge of the fish trough trips the main flow
and creates a trail of disordered, small-scale vortices that
separates the shearing action of the freestream flow from
the fluid within the trough, leaving the trough interior
in an undisturbed state where captured fish are able to
maintain stable attitudes. Once captured, fish are pre-
vented from escaping the (upward moving) trough by an
auxiliary screen affixed to the flow spoiler. Freely swim-
ming fish did not avoid the turbulent entry behind the
auxiliary screen and its supporting bar as consistently as
they avoided the accelerated flow over the unimproved
fish trough.

was effectively separated from the main flow;, cap-
tured fish were well sheltered and remained up-
right in normal swimming attitudes at (approach-
ing) flow speeds to 60 cm/s. In both flume and
field tests, deaths and injuries of captured fish were
low in comparison to the results of the field tests
on screen version 1.

We eliminated the escape of fish at the water
surface by attaching a low auxiliary screen to the
leading edge of the redesigned trough, as shown
in Figure 8. Although the auxiliary screen imparts
only minor impedence to free flow, it creates a
downstream turbulence, typical of screened flow,
that apparently is favorable to fish capture. In
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flume experiments on the reconfigured machine,
many of the test fish that moved into the vicinity
of the screen front were observed to dive prefer-
entially behind the auxiliary screen and into the
fish trough, as opposed to the active avoidance
reactions of fish swimming in the flow above the
unmodified troughs.

Flume Tests on the Reconfigured Machine

We fitted the flume machine with the redesigned
trough andi panel assemblies and reconstructed its
above-water portions according to the modifica-
tions already described. For the flume tests on the
reconfigured machine (called screen version 2
here), 750 white perch and striped bass juveniles
of Hudson River origins were shipped by air to
Houston. Alosids and like species common to the
Hudson were considered too fragile for transport,
so we employed the locally obtained golden shin-
ers as representatives of tender species. Fish were
held apart by species in tanks until used in the
experiments. Tank water was aerated, filtered, ad-
justed to the pH of the waters of origin with
NaHSO4 and HCI, and monitored for tempera-
ture, ammonia concentration, and conductivity.
Flume water was continuously filtered and circu-
lated; temperature, pH, and conductivity were
measured for each experiment. Flow speeds in the
flume were set and monitored with a Marsh Mc-
Burney model 511 M electromagnetic current me-
ter and a digital converter to 3D velocity field
read-outs at three flume cross-sections.

For the underwater portion of the flume tests,
the measurement of interest was the empirical
probability that a fish, released upstream of the
moving screen, would be captured and removed
from the water on its first encounter with the screen
and recovery apparatus. For each such trial, fish
were released 5 m upstream of the operating screen
by species, size, and water speed (30 and 45 cm/s),
in sample sizes of 20 to 50 fish. The flume was
covered and darkened (to simulate the field con-
ditions most common to intake systems); the
screen was operated in normal fashion and the
observations were recorded on video tape with an
ultra-sensitive charge-coupled device (which was
also connected to a monitor for remote viewing).
Such secular information as times of release, fish
residence times, and frequencies of events were
extracted from the camera clock (imaged on the
video frames). The data were later extracted, usu-
ally frame by frame, from the video tapes. In 18
of 26 trials (releases), some fish were lost from
camera view (and therefore were not countable as

a capture or an escape), but because events oc-
curred so rapidly, visual observations and hand
tabulations were too inaccurate for use. Informa-
tion from these experiments is given by Table 1.

Of the larger golden shiners released, 62% of
those observed on camera and not lost from view
were captured and retained by the redesigned fish
troughs on first encounter with the screen. Of the
smaller golden shiners observed, 91% were cap-
tured and retained on first encounter, but most of
these smaller fish, being less able to swim against
the flow, were impinged before capture. The pro-
portions were identical at both water speeds. In
the experiments with white perch, 77% of the ob-
served fish were caught and retained on first en-
counter at the 30-cm/s water speed, and 80% at
the 45-cm/s water speed (the 3% difference is sta-
tistically insignificant). At both water speeds, many
of the white perch were impinged before capture.
Recovery rates (the rates at which the fish were
removed from the water by the machine) were
consistent with the recovery rates in release-re-
capture field tests on the reconfigured machine. In
the flume test with striped bass, 76% of those ob-
served to encounter the screen were caught on first
contact, all of which were freely swimming fish.

Other segments of the flume tests on the recon-
figured machine were meant to produce infor-
mation, under controlled conditions, on the sev-
eral modifications incorporated into the
functionings of the apparatus above water. Those
experiments and their results are given in Fletcher
et al. (1988).

Site Tests on the Reconfigured Machine

During the summer of 1986, the original trial
machine (screen version 1) was removed from the
Indian Point testing bay and the reconfigured ma-
chine (screen version 2) installed in its place. The
experiments and tests described here were carried
out by field crews of Normandeau Associates from
26 August to 24 October 1986, a test period as-
signed to us by the plant operators. The supervis-
ing biologist for Consolidated Edison was Ken-
neth Marcellus.

Of the several modifications incorporated into
screen version 2, those that influence the transport
of fish from the water surface to the fish return
sluice on the downstream side of the machine were
tested at the Indian Point site in a manner similar
to the above-water flume testings. In the site tests
on the passage of fish through the front debris
spray to the fish return sluice (locations J and H
of Figure 1), 641 of 664 test fish were recovered
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TABLE 1.-Underwater flume experiments; capture of golden shiners8 , striped bassb, and white perchb by a
reconfigured Ristroph screen (screen version 2). Fish of each trial were released 5 m upstream of the operating
screen and filmed at the screenfront through an underwater viewing port. The measurement of interest was the
empirical probability that a released fish would be captured and retained by the apparatus on its first contact with
the screen. On the table, mean water speed is the mean speed of the water immediately upstream of the test screen,
and numbers S in parentheses are sample sizes of test fish.

Numbers of fish

Mean fork Mean water Observed Lost from Caught Escaped
length (cm) speed (cm/s) Number of trials (S) by camera view on contact screen

Golden shiners, 16-18 July 1966, 24-281C
6.5 30 2(20, 20)

45 2(20,20) 63 6 52 5
11.0 30 6 (20, 20, 20.

50, 50, 40) 90 26 40 24

White perch, 13 Aug 1986, 281C
5.0 30 3 (25, 25, 25)

45 2(25,25) 49 19 23 7

Striped bai, 14-15 Aug 1986, 2lC
7.1 30 1(25)

45 1(25) 13 2 8 3
7.1 45 5 (25 each) 20 1 154

a Golden shiners obtained from a local fish farm.
b Striped bass and white perch came from the Hudson River.

from the fish return sluice, none from the primary
debris sluice (K of Figure I), and 23 from the
secondary debris sluice (N of Figure 1). Of the 641
from the fish sluice, 35 were stunned (swimming
erratically) or missing scales, for a casualty total
of 9% (including the 23 misdirected fish).

Release-Recapture Experiments

Recapture experiments with known sample sizes
of striped bass and white perch released upstream
in the intake bay were meant to provide infor-
mation on expected recovery rates and the risks
of death and injury to fish captured by the recon-
figured apparatus. Before and during each of those
experiments, a fixed screen was placed at the river
entry of the intake bay, not to prevent the released
fish from escaping, but to prevent contamination
of the collections by fish entering from the river.
For reasons not well understood, fish have a great-
er propensity for entering intake systems than
leaving. The samples were released upstream in
the intake bay, just behind the fixed screen. On
the thesis of random encounter with the escape
route (a travelling fish trough in this case) and the
success rates of capture (the first-encounter prob-
abilities) observed in the flume experiments, the
recovery rates of freely swimming fish were ex-
pected to follow Poisson processes, as hypothe-
sized by Fletcher (1985). In such a process, the
probability of an event occurring in a time interval

is proportional to the duration of the interval, the
event in this case being AR. the numbers of re-
leased fish recovered during a sampling interval.
Therefore, should the intervals of observation be
adjusted to equal probabilities of the event oc-
curring, then AR should be a constant value over
each interval. In anticipation of such recapture
distributions, returns were collected at the fish
sluice on a geometric time scale as a means of
reducing sample variance and improving the ac-
curacy of the time-dependent recovery cumula-
tions. The sampling intervals were calculated from
the following formulas

Duration of e

Number of ob
Samp
Sam

xperiment: T (= 36 h for all
experiments).

Sea

mservauons: n.
pling index: j =, 2,...,n.
)ling times: 1, = t1 , 2 .  t

01 = 0, tn = 71.
Intervals: Atj = ti+, - 1,

ding factor 6 (resolved from T
and n).

In general: T= an - 6,
tj-= e lose_ -6

Ali (= - l)eJ 1OS9.

The first collection (j = I at t, = 0) after release
of a sample was taken on the first appearance in
the collection sluice of any individuals from the
release. For those (freely swimming) fishes for
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TAaLE 2.-Release-recapture experiments, screen version 2, 4-13 September 1986 at Indian Point nuclear unit
2. Samples were released at the forebay entrance, captured by the test screen, and recovered at the fish sluice over

a period of 36 h. Mean water speed in the approaches to the screen was approximately 30 cm/s (varying with the
tide), water temperature was 24-25*C, and conductivity was 5,900-6,500 pS/cm. The vertical travelling speed of
the screen was 3 m/min, the water pressure of the primary and secondary debris sprays was 62 kPa, and the fish

spray pressure was 2.7 kPa. Key: tj is elapsed time of fish collection, j corresponding to the (nonlinear) sampling
intervals j = I, 2,... 12; reference time 1t = 0 corresponds to the first appearance in the collection sluice of fish
from the released sample; it - t o is the time between release of a sample and the first collection; 112 = 36 h; S is
the number of fish released and R the number of fish recovered in a sample; Cum R is cumulative numbers of fish
recovered; FL is mean fork length of fish in a sample or range thereof; dead 8 h is the number of fish that died
during 8-h morbidity observations but exhibited no apparent trauma when collected.

Dead

Time of sample collection on
collec- Dead

Measure 11 t2 13 14 ts I6 17 [a £9 110 11 t12 tion Injured 8 h

Experiment 1: striped bas (FL - 7.6 cm; S = 250; tr - to = 3 min)

R 10 26 26 12 14 21 25 25' 3 38 15 13
Cum R 10 36 62 74 88 109 134 159 162 200 215 228 t0 I I

Experiment 2: white perch (FL = 5.0-15.2 cn; S - 67; 1, - to - 6 min)

R 5 19 16 3 2 0 0 1 0 2 3 3
Cum R 5 24 40 43 45 45 45 46 46 48 51 54 3 0 I

Experiment 3: striped bas (FL - 7.6 cm; S - 2W0;. I, - to = 3 man)
R 1 10 24 9 17 45 22 14 25 29 22 5
Cum R I II 35 44 61 106 128 142 167 196 218 223 5 0 I

Experiment 4: white perch (FL = 5.0-15.2 cm; S =. 66; t o - t 5 amin)

R II 17 4 6 I 3 0 0 4 4 3 2
Cum R II 28 32 38 39 42 42 42 46 So 53 55 I 0 I

Experiment 5: white perch (FL - 5.0-15.2 can; S - 250; 1, - to - 3 min)

R 5 100 29 10 8 19 12 16 I 25 0 0
Cum R 5 10S 134 144 152 171 183 199 200 225 225 225 I 4 I

Experiment 6: white perch (FL - 5.0-15.2 cm; S - 250;, tI - to - 5 min)

R II 48 67 21 6 I 13 8 4 23 14 6
Cum R I1 59 126 147 153 154 167 175 179 202 216 224 0 0 0

a Spraywashes were shut down I5 min during recovery, nine fish killed.

which the random encounter hypothesis holds, re-
coveries R, should then accumulate on j as

Ri = R, + AR(j - 1), (l)

R, being the size of the first collection atj = 1.
In the release-recapture experiments, all appar-

ent injuries and deaths were tallied on recovery,
and only those fish not exhibiting trauma on col-
lection were held in aquariums for 8-h morbidity
observations. These protocols differ somewhat
from the standard industry practices for scoring
.system efficiencies" (see the discussion at the
conclusion of this article). The experimental vari-
ables and data from the six release-recapture ex-
periments are given by Table 2. The 36-h limi-
tation on recovery periods was a consequence of
the total time we were allowed by the plant op-
erators for holding the fixed screens in place at the
river entry of the intake bay.

In the two recapture experiments (1 and 3) with

striped bass (of 7.6 cm mean fork length), each of
250 releases, 228 were recovered in experiment I
over the 36-h collection period, and 223 in ex-
periment 3. Of the totals collected from both re-
leases, one fish was damaged and 15 were dead
(either on collection or during the 8-h morbidity
tests), for an observed casualty total of 3%. The
observed deaths and injuries were too few for con-
structing reliable risk distributions, but the em-
pirical probability of imposed trauma (injury or
death to an individual fish) was 0.052 in experi-
ment 1 (some of which was owed to a spray failure
during collection period ts) and 0.027 in experi-
ment 3.

The recovery cumulations from experiments I
and 3 (the striped bass releases) are plotted in Fig-
ures 9 and 10. The hypothesis of random encoun-
ter is supported by the regression of equation (1)
on the cumulative recoveries. Apparently, the
striped bass were actively captured by the recon-
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R (cumulative recoveries) 82.3 h
ýrn ý0

200
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100

50-

0)

Release-recapture experiment 1: Striped bass
Regression line: R = R1 + AR(j - 1)

RI.= 17.43
SR= 18.92

Least squares: R2 
=0.99

Tiome axis transform: -- ei 6 [t in min]

Scaling factor: 6 = 1.8963

T 36 h,n = 2samples

1.7 main 4.9 mln II mrin 22.6 min 44.6 rmin 1.43 h 2.75 h 5.25 h 10 h 19 h 36 h
i A . - ---

2 3 4 5 6 7
j (sampling index)

8 9 10 11 12

200

150

R(t) = (R, - AR) + AR Iog.(t + 6)log, b

time 9.73 h

0

t (hours)

FIGURE 9.-Release-recapture experiment I; 250 striped bass released in the plant forebay. Duration of the
recovery period was 36 h. Upper graph shows cumulative recoveries R against (nonlinear) sampling intervals Aj
with sampling times i, preadjusted for expected AR constant. Release time to = -3 min. Reference time tj - 0
corresponds to the first recovery sample at j = I. Symbols R1 and AR denote the regression values (of R on j). The
lower graph shows the transformation of the data and the regression to linear time.
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Release-recapture experiment 3: Striped bass
Regression line: R R R1 -- AR(j -1)

R,= -10.38
AR = 22.07

Least squares: R2 
=0.99

Time axis transform: tJ= eJ'0L 6  It in

-Scaling factor: b = 1.8963

T. . T 36 h. n 12 samples

1 .7 min 4.9 min. II min. 22.G min, 44.6 min, 1 41 h 2.7 h 5.255 h 10h 19h 36 It

mini

. . . . . . . . . m i

2 3 4 5 6 7
j (sampling index)
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100 -
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S - +ARR(t) (RI AR) + j- log, (I + 6)
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time 5.67 h
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FIGURE 10.-Release--recapture experiment 3; 250 striped bass released in the plant forebay. Duration of the
recovery period was 36 h. Upper graph shows cumulative recoveries R against (nonlinear) sampling intervals Aj,
with sampling times 1, preadjusted for expected AR constant. Release time 1.,= -6 min. Reference time 11 = 0
corresponds to the first recovery sample atj'= 1. Symbols RA and.AR denote the regression values (of R on j). The
lower graph shows the transformation of the data and the regression to linear time.
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figured fish troughs, few being impinged before-
hand. As observed in the Houston flume tests,-
juvenile striped bass of the sizes employed in these
field experiments were capable of sustained swim-
ming at flow speeds greater than the 30-cm/s flow
speed in the Indian Point intake forebay. The mean
entrapment time before capture was 9.73 h in ex-
periment I and 5.67 h in experiment 3, as cal-
culated directly from

o t[S - R(t)] dt

t , (2)

J [S - R(t)] dt

S standing for the initial sample size and R(t) the
transformed regression (1), or

Rt) = (RA - AR) + -o- log,(t + 6). (3)
loL6

In the four recapture experiments with 633 white
perch (experiments 2, 4, 5, and 6, of sample sizes
67, 66, 250, and 250 and length ranges 5.0-15.2
cm), 556 were recovered during the four 36-h
sampling periods, of which 4 were damaged and
7 were dead (on collection or during the morbidity
tests), for an observed casualty total of 2%. Unlike
the striped bass experiments, the recapture results
from all four white perch experiments signify in-
stead a high impingement rate and rapid recovery
of small fish unable to swim (or swim very long)
at speeds equal to the water speeds at the face of
the barrier screen. Each of the white perch releases
contained a mixture of fish lengths ranging from
5 to 15.2 cm. Figure 11 illustrates the efflux rate
(Q) of the smaller fish over the first 45 min of
experiment 2, a pattern typical of all four white
perch experiments, when a sudden surge of the
smaller perch appeared in the collection sluice
shortly after release. Of the total fish recovered in
experiment 2, 83% (or 67% of the total release)
were recovered in 22.5 min (byj = 5), including
100% of the releases less than 8 cm long. The
graph of Figure 11 has the form

Q(t) = at-2e-b/I, (4)

derived from equations (50) and (52) of Fletcher
(1985) for circumstances where a school of fish
entrapped by a barrier screen suddenly encounters
an escape route (a bypass) by moving a distance
along the face of the screen. The analogy here to
the Dirac delta distribution in space (6(Ax) at a
reference location x0) becomes a time interval dis-
tribution b(At) at a reference time to. In turn, the

Q(t'
20-

15i

10

0

0

Recapture experiment 2
Small white perch
Q(M) = a(t - to)-I e

io = -3 min
a= 1291.2

= 25

1 0 5 10
o itl time t (min)

15 20 25

FIGURE lI .- Efflux Q(t) (=dR/dt) of white perch
smaller than 8 cm in release-recapture experiment 2, R
being cumulative recoveries over time t from release
time to. Reference time it = 0 corresponds to the first
appearance in the collection sluice of individuals from
the released sample. Finite interval recoveries AR/At are
denoted by solid bullets (@). Mid-interval adjustments
to dQ/di are denoted by open bullets (0). Quantities d,
etc., are the regression values.

quantities L (screen length), p (concentration of
fish at x0 per unit length of L), and a fish activity
coefficient D map to equation (4) in the ratios

Lp(i(Ax) CobXAt)
D1/2 , (5)

Co being the concentration of fish at the screen
front at reference time to, andy the risk (or chance)
per unit time that a randomly selected individual
of Co will be impinged (and hence recovered). From
mapping (5), the coefficients of equation (4) take
on the proportionalities

a cxC and b oc y-1,

with corresponding adjustments to the powers of t.
The equal probability of capture hypothesis-

to the extent that the selected value of scaling pa-
rameter 6 was more suited to the constant incre-
mental recoveries AR of the striped bass sam-
ples- failed to hold for either the small white perch
or the large ones (those greater in length than 8
cm). Despite the ill-suited progression of sampling
intervals for white perch, the larger fish of the
samples still seemed to be governed by the case-I
Poisson process discussed by Fletcher (1985),
whereby expected recoveries from S accumu-
late as

R(t) = S(1 - e6-)A -o), (6)
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0

Release-recapture experiment 5: White perch 8.5-15.2 cm

R(t) = S(l - e-i('-II))
S = 80
" = 0.219 h-'

to -0.5314
R2= 0.94 (least squares of log transform)

Mean entrapment time 4.06 hr

n , , . , i i . , I . . . . . . . . . .
0
It

10 20

I (hours)

30 36

' FIGURE 12.--Cumulative recoveries R of the 80 larger white perch released in recapture experiment 5. Reference
time t, = 0 corresponds to the appearance in the collection sluice of the first individual(s) from-the released sample.
Symbol j" denotes the regression value of y, the individual risk per unit time of capture by the screen. Symbol £t.

denotes the regression value of to, a parameter of convenience that does not in this case correspond to the release
of the sample, because the domain of validity of R(t) does not extend to the left of ti.

the random variable (Y, say) being the time that
an arbitrarily designated individual of S is cap-
tured. The recovery data from experiments 5 and
6 (the white perch experiments having the greater
number of releases S) are plotted in Figures 12
and 13. The regressions shown in the figures were
fitted to the log transform of equation (6), or

-yto and -y being the parameters estimated. The
mean entrapment times shown on the figures were
extracted from the probability density function as-
sociated with regression (7). That is,

E[Y] = t..ye-7-,o, di
O(8)

e',,o
1o~ -I= to - 'Y"

R(t)

(7)

60

40

20-

pWhite perch 8.5-15.2 cm

R1(t) = S(- -

S = 70
" = 0.0994 h-'

to = -0.82

R2= 0.99 (least squares of log transform)

/ Mean entrapment time 9.2 hr
.... ..... |.....

a-............................. . . . . . . . . . .
0

tL

10 20

I (hours)

30 36

FIGURE 13.-Cumulative recoveries R of the 70 larger white perch released in recapture experiment 6. Reference
time I, = 0 corresponds to the appearance in the collection sluice of the first individual(s) from the released sample.
Symbol j denotes the regression value of -y, the individual risk per unit time of capture by the screen. Symbol to
denotes the regression value of to, a parameter of convenience that does not in this case correspond to the release
of the sample because the domain of validity of R(t) does not extend to the left of t,.
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Equation (8) yields a mean entrapment time of
4.06 h for the 80 larger fish of experiment 5, and
9.2 h for the 70 larger fish of experiment 6.

Opportunistic Collections

Following the release-recapture experiments, the
fixed screen was removed from the forebay en-
trance, the circulating pump of the test bay was
operated for extended periods at its full intake rate
of river water (-529,000 L/min), and the recon-
figured screen was allowed to function in its nor-
mal fashion. Over the period 16 September to 24
October 1986, 146 2-h collections were taken of
captured river fish. The dead and injured were
tallied on collection; fish not exhibiting visible
trauma were held in aquariums for 8-h morbidity
observations. In addition, 29 extended collections
were made that ranged in duration from 6 to 28
h. Fish from these extended collections were ex-
amined at the end of each collection period for
deaths and apparent trauma, but were not held for
the additional 8 h of observation.

In the 175 collections, 8,882 fish were recovered
from the fish and debris sluices and 34 species
were identified (Table 3). Collection data on the
13 most numerous species are given by Table 4.
The fish exhibiting the highest proportions of
deaths and injuries in the opportunistic collections
were bay anchovy, alewife, American shad, blue-
back herring, Atlantic menhaden, and American
eel, all but American eel being tender species eas-
ily descaled. As the data show, fish of these species
that were transferred to aquariums suffered higher
proportions of latent mortality than those from
the extended collections, which were held directly
in the collection tanks. Nevertheless, no adjust-
ments have been made here to the collection data
for handling mortality.

Screen Versions I and 2 Compared

The experiments described in preceding sec-
tions of this paper were intended to provide enough
empirical information for making a reliable as-
sessment of the likely reductions in fish kills and
injuries attributable to the reconfiguring of the
prototype machine, as compared in particular to
the first version. Comparisons between the op-
portunistic field collections from the two ma-
chines suffer somewhat from dissimilarities in ex-
perimental variables. The machines were tested
during unlike seasons of the year; the low water
temperature of the river during the testing of ver-
sion I probably increased susceptibility of trauma
of some of the sampled species, and because of

TABLE 3.-- Fish collected in 175 samples from fish and
debris sluices, 16 September to 24 October 1986, during
field tests of screen version 2 at Indian Point nuclear
unit 2.

Bay anchovy Anchoa mitchilli
American shad Alosa sapidiasima
Bluegill Lepomis macrochirus
Pumpkinseed Lepomis gibbosus
Hogchoker Trinectes maculatus
Largemouth bass Micropterus salmoides
Blueback herring Alosa aestivalis
Rainbow smelt Osmerus mordax
Striped bass Morone saxatilis
White catfish lctalurus catus
Yellow perch Percaflavenscens
Lookdown Selene vomer
Atlantic needlefish Strongylura marina
Weakfish Cynoscion regalis
Butterfish Peprilus triacanthus
Rough silverside Membras martinica
Naked goby Gobiosoma bosci
Alewife Alosa pseudoharengus
Bluefish Pomatomus saltatrix
Brown bullhead Ictalarus nebulosus
American eel Anguilla rostrata
Banded killifish Fundulus diaphanus
Atlantic menhaden Brevoortia tyrannus
Atlantic silverside Menidia menidia
Spottail shiner Notropis hudsonius
Atlantic tomcod Microgadus tomcod
White perch Morone americana
Northern pipefish Syngnathusfuscus
Redbreast sunfish Lepomis auritus
Crevalle jack Caranx hippos
Clupeid sp.
Centrachid sp.
Summer flounder Paralichthys dentatus
Grey snapper Lutjanus griseus

1,060
169
192
212

3.543
I

277
4

86
25

1

7
1

467
8

,13
72
16
6

65
134
24
3
2

603
1,806

4
4
6
I

3 9
29

1

the difference in seasons the species compositions
of the collections also differed considerably._

During Consolidated Edison's field testing of
screen version 1, the experimenters collected
45,608 fish in their samplings of the fish and de-
bris sluices. Of 36 identified species, 20 also ap-
peared in the sampled recoveries from screen ver-
sion 2. Discounting those species represented by
only one fish reduces the shared species to 15 (Ta-
ble 5).

From the 36 species collected during Consoli-
dated Edison's testing of screen version 1, the ex-
perimenters selected the 10 most abundantly rep-
resented for their "latent survival" tests. Eight of
those 10 are among the shared species appearing
on Table 5 (those starred). Of the eight common
species, two from the version-2 samplings (rain-
bow smelt and spottail shiner) were not collected
in numbers sufficient for mortality comparisons.
The deaths and injuries accrued to the remaining
six species are given in Table 6.
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The information on the version-I survival test-
ing appearing on Table 6 was taken from Con-
solidated Edison (1985), in which the numbers of
fish "tested" were apparently subsamples of the
version-I collections; the actual totals collected
are given in Table 5. The quantities listed in Table
6 for screen version 2 are the actual totals from
the opportunistic collections (2-h and extended.
collections combined; see Table 4 for clarifica-
tion). The large recovery of fish from the debris
sluice of the version- I machine was attributed to
the entanglement of fish in the filamentous alga
mentioned earlier. Of the total numbers of fish
collected during those winter tests, 31% were re-
covered from the debris sluice (as opposed to 4%
during the testing of the version-2 machine). The
actual proportion was probably greater than the
reported 3 1 %, owing to the difficulties in searching
through the debris, which formed a nearly insep-
arable mass of fish and algae when recovered. (On
two site visits during the testing of screen version
I, I observed quantities of uncounted fish in the
discarded debris.)

The screen-fouling problem is also reflected in
the high mortalities observed during the version- 1
tests. Of the white perch collected, 32% were re-
covered from the debris; of the striped bass, 23%
from the debris; of the rainbow smelt, 44%, and
so on. Therefore, when the casualties of the fish-
sluice and debris-sluice collections are combined
(Table 6), the importance of the alterations to the
above-water portions of the version 2 machine
becomes more obvious. Since the completion of
our experimental work in 1986, the test screen at
the Indian Point plant has been operated routine-
ly, including operations during three winter-spring
seasons of high debris loading. As reported to me
by Kenneth Marcellus, supervising biologist for
Consolidated Edison, the apparatus has continued
to function as intended; apparently, the results re-
ported here are valid representations of the im-
provements incorporated into the reconfigured
machine, particularly in regards to the problem of
fish and debris separation.

Comment on Sampling and
Scoring Protocols

The procedures and scoring methods employed
in the field samplings reported here differ from
those of standard industry practice. Deaths and
visible trauma accrued to recovered fish were tal-
lied and classified on collection. Those fish exhib-
iting no apparent trauma were held in aquariums
or collection tanks for 8 h (or longer) after collec-

tion (but see Table 4 for clarification). Deaths and
revealed injuries from these latent morbidity ob-
servations were added to those tallied on collec-
tion for calculating total casualties. Damages to
the dead and injured were classified by type and
frequency of occurrence.

In testings of barrier screens and fish conser-
vation apparatus by the power industry (most par-
ticularly for state and federal regulatory demon-
strations), fish on collection are customarily scored
as "live" (able to swim normally), "stunned" (all
injuries, irrespective of kind), and "dead." All fish
not dead (those classed as live and stunned) are
held in aquariums for periods ranging from 48 to
96 h and the injured allowed to recover. At the
end of the latent survival test (so named), the
aquarium fish are then reclassified as either dead
or alive, the "live" now being any fish exhibiting
opercular movement or response to prodding. The
ratio of these final live (injured and uninjured) to
the total sample size (live plus dead) is reported
as "percent survival" or "total system efficiency."

The differences in scorings between the two pro-
cedures are sometimes significant. In a compara-
tive test, 10 fish were dead on collection and 40
injured (to one extent or another) out of a sample
of 100. In accordance with the first procedure, the
50 apparently uninjured were held for the 8-h la-
tent morbidity observation. Out of those 50, 3
died and 2 exhibited erratic swimming. In accor-
dance with the second procedure, the 90 not dead
were held for 96 h, during which time 20 died and
22 of the originally injured were still alive (exhib-
iting opercular movement or response to prod-
ding). By the first method of scoring, there were
55% casualties (50 + 3 + 2 fish) or a 45% survival
without injury. By the second method survival
was scored as 70% (100 - 10 - 20).

The first method might be viewed as overly
stringent, but the second is decidedly misleading
if one presumes the objective common to all dis-
placement schemes' is that of rescuing fish from
intake structures and returning them to the source
waters unharmed. Partial corrections to reported-
survivals in industry studies can sometimes be
made by noting from the raw data the numbers
recorded as stunned on collection, with the un-
derstanding that the classification is a euphemism
for all injuries, however severe. Such uses and
scoring procedures are departures from the rec-
ognized protocols in other biological sciences where
animal deaths and morbidities are the measures
of interest. Not only are the data subverted by
such practices, we are also denied the injury clas-
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TABLE 4.-Collection data on the 12 most numerous species in the opportunistic fish collections, screen version
2, 16 September-24 October 1986, Indian Point nuclear unit 2. Fish drawn from the river and captured by the
screen were sampled in 146 2-h collections and 29 extended collections of 6-28 h duration. Mean water speed in
the forebay was approximately 30 cm/s (varying with the tide), river water temperature was 24-250C, conductivity
was 5,900-6,500 WS/cm, and the vertical speed of the test screen was 3 m/min. Key: Fish sluice t and debris sluicel
signify fish from 2-h collections that were transferred to aquariums for 8-h morbidity observations. Fish sluice2

and debris sluice 2 signify fish from 2-h collections that were shunted to collection tanks, with no handling, for 8-h
observations. Fish sluice3 and debris sluice 3 signify fish of the extended collections, all of which were shunted to
tanks and examined at the end of a collection period.

On collection After 8 h Cumulative
dead and

Recovery Normal Damaged Dead Normal Damaged Dead injured

Fish sluicel
Rear debris sluice'
Fish sluice

2

Fish sluice 3

Rear debris sluice
3

Fish sluice'
Rear debris sluice'
Fish sluice

2

Fish sluice 3

Rear debris sluice
3

Fish sluicel
Rear debris sluice'
Fish sluice

2

Fish sluice
3

Rear debris sluice
3

Fish sluicel
Rear debris sluice'
Fish sluice2
Fish sluice

3

Rear debris sluice
3

Fish sluice'
Rear debris sluice'
Fish sluice2

Fish sluice
Rear debris sluice

3

Fish sluiceI
Front debris sluicet

Fish sluice
2

Rear debris sluice 2

Fish sluice
3

Rear debris sluice
3

Fish sluice'
Rear debris sluice'
Fish sluice2
Rear debris sluice

2

2 Fish sluice
3

Rear debris sluice
3

Fish sluice'
Rear debris sluice'
Fish sluice2

Fish sluice
3

Rear debris sluice3

60
0

723
6

10
0

83
0

119
0

56
0

40
1

127
1

16

0

23
0

,Uay anchovy (1,00 eelhctwe
8 12
0 3

24 147
I 8

41
0

42

9
0

18

12
0

13

3
0
2

27
3

12

16
2
9

23%

Anedreaa shad (169 collected)

9 9
0 2

2 25

0 0

Bluegll (192 eollected)

0 0

35%

19 0
0

0
0

0
15 0

0

Pmpklinseed (212 collecteda)

2 0
0 0

3
0 0

39
1

29

0
9

America eel (65 collected)

8 0
0 0

0 0
0 0

3
0
0

7
0
1

0
2
2
2

0

0
0
2

2

0
2

7%

1%

28%

Hlogehoker (3,543 collecteda)

486 I 4 486
46 0 1 45

561
101

S
2

13
7

2,094
176

I
0

407
4 13%

Beaded killifish (134 collected)

75 0 0
0 0 0

42 0 0
0 0 0

74 0

14 I
2 0

I

0
0

1%
Bluebaek herring (277 collected)

24 7 3
0 0 0

118 3 25
0 0 0

16

72

5

0

13

25

26%
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TASBE 4.--Continued.

On collection After 8 h Cumulativedead and

Recovery Normal Damaged Dead Normal Damaged Dead injured

Sriped bass (86 colleeted)
Fish sluicel 7 0 0 7 0 0
Rear debris sluice' 0 0 0
Fish sluice 2  I1 I 0
Fish sluice3  60 2 S
Rear debris sluice3 0 0 0 9%

Atlantic tomeod (603 collected)

Fish sluice' 52 21 I 51 21 2
Rear debris sluice' 0 0 0
Fish sluice 2  

36 3 5
Fish sluice3 410 8 65
Rear debris Sluice 3  1 0 I 17%

WIlte perc (1,106 colleed')
Fish sluicel 486 is is 476 7 36
Rear debris sluice' 6 I 0 6 I 0
Fish sluice 2  

276 II 24
Rear debris sluice2  8 2 0
Fish sluiceJ 787 35 132
Rear debris sluice3 5 0 0 14%

Weakfish (467 collected)
Fish sluice' 19 2 0 14 3 7
Rear debris sluice' I 0 0 0 I 0
Fish sluice2  21 0 7
Fish sluice 3  368 7 25
Rear debris sluice3  I I 3 3 12%

a One bay anchovy, I pumpkinseed, 13 hogehokers, and I white perch were recovered from the front debris sluice.

sifications that give us clues to the sources of in-
jury. I see no legitimate reason for suppressing
such important information for the sake of inflat-
ing survival statistics; I urge the supervising bi-
ologists of such studies to adopt more accurate
classification and scoring protocols. However the
collection samples might be divided for extended
observations, the numbers (or percentages) of fish
dead and injured should be reported and the prac-
tice of scoring the injured as "live" abandoned.

Conclusions and Remarks

The tests of the reconfigured machine in the
hydrodynamics flume were meant to verify the
causal findings that led to the innovations now
incorporated into the device, and the site experi-
ments at Indian Point were meant to produce in-
formation on the likelihood that fish mortalities
would be substantially reduced, as compared to
the first version of the machine and other screen-
ing systems. The flume tests essentially substan-
tiated the earlier findings that led to the re-order-
ing of the debris and fish removal procedures and
to the redesigning of the fish-catching apparatus.
The probabilities of capture on first encounter with

the screen were significantly increased, and all test
species, once captured, suffered less buffeting in
the redesigned fish troughs than they did in any
of the standard troughs tested. The release-recap-
ture experiments at Indian Point confirmed our

TABLE 5.-Numbers of fish collected of 15 species
common to the field testings of screen versions I and 2.
Asterisks denote species used in "latent survival" tests,
screen version I.

Screen version

Species I 2

Alewife' 137 72
Bluegill 9 192
Brown bullhead I5 6
Pumpkinseed* 144 212
American eel 131 65
Hogchoker 198 3,543
Banded killilish 61 134
Blueback herring 29 277
Rainbow smelt* 373 4
Spotnail shiner* 217 2
Striped bass* 5,546 86
Atlantic tomood* 413 -603
White catfish* 443 25
White perch* 37,536 1,806
Northern pipefish 4 4
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TABLE 6.-Casualty observations after opportunistic
field collections from Indian Point test screens; versions
I and 2 compared.

Screen version I Screen version 2

Dead Dead
Species and and and

collection sluice Tested injured Tested injured

Alewife
Fish sluice 22 98% 71 62%
Debris sluices 3 1

Atlantic tomcod
Fish sluice 32 75% 601 17%
Debris sluices 8 2
Combined 40 80% 603 17%

Pumpkinseed
Fish sluice 17 46% 210 7%
Debris sluices 0 2

Striped bass
Fish sluice 860 48% 86 9%
Debris sluices 264 0
Combined 1,124 53% 86 9%

White catfish
Fish sluice 85 39% 25 40%

* Debris sluices 25 0
Combined 110 53% 25 40%

White perch
Fish sluice 4,227 58% 1.783 13%
Debris sluices 2,051 23
Combined 6.278 64% 1.806 14%

findings from the flume experiments that juveniles
ofsome species are rapidly impinged at flow speeds
as low as 30 cm/s, but we also discovered that
impingement as such is not the proximate agency
of high mortality it was thought to be, provided
the durations of impingement are short and the
speed of the water approaching the screen is mod-
erate. Given-such conditions, we found that cap-
tured fish were harmed more by injuries imposed
during the recovery process.

In the case of fish able to swim against the flow
for extended periods, the release-recapture exper-
iments tended to confirm the hypothesis of ran-
dom encounter and active capture by the rede-
signed fish troughs. Mean entrapment times (9.73
h, 5.67 h, 4.06 h, 9.2 h) were an order of magni-
tude less than those documented from similar ex-
periments with a competing device when reported
water speeds were about 30 cm/s. In mark-recap-
ture experiments at the Oswego generating station
on Lake Ontario, during field tests on an angled
screen and bypass system (Lawler, Matusky &
Skelly 1982), estimated mean entrapment times
were 73 h for white perch, 295 h for smallmouth
bass Micropterus dolomieui. 20 h for yellow perch,
200 h for brown trout Salmo trutta, 76 h for white
bass Morone chrysops, and 41 h for bluegill. In
the opportunistic collections at Oswego, extended

entrapment times were also reflected, at least part-
ly, in the high percentages of observed deaths and
injuries. From even the simple assumption of con-
stant risk of death per unit time (A), extended en-
trapment times imply decreased probabilities of
survival (whether the fish removal device is a Ris-
troph screen or an angled screen and bypass sys-
tem), because the individual probability of death
from exposure to constant mortality risk increases
in time approximately as I - e-' (for more com-
plex distributions of mortality risk, including
analyses of the Oswego and other fish recovery
experiments, see Fletcher 1985).

The reconfigured machine has been approved
by the parties to the power plant settlement for
installation in the 12 intake bays of the Indian
Point plants, and the New York State Department
of Environmental Conservation now employs the
performance of the prototype as the state's best
available technology standard for reducing fish
impingements at water intake systems. If the ma-
chine continues to operate as well as the flume
and field testings indicate, it probably can be
regarded as the screening device most likely to
impose the least mortalities in the rescue of en-
trapped fish by mechanical means. In view of the
great numbers of fish typically exposed to mor-
tality risk from large-scale water withdrawals,
however, even the (comparatively) low percent-
ages of kills and injuries observed during the pro-
totype testings may still represent significant re-
ductions in some stocks.

At locations where water speeds approaching
screening devices are significantly greater than
those examined here, impingement proper un-
doubtedly inflicts its share of casualties. In a later
series of flume experiments on a special intake and
screening geometry, water speeds at the screen were
on the order of 120--150 cm/s. Fish were thrust
against the screen mesh with such force that most
were crushed or beheaded. Survival of test fish
(again, golden shiners, striped bass, and white.
perch) was nil.

Further refinements to the Ristroph family of
screening systems are possible, of course, but I do
not believe that improvements beyond those re-
ported here are apt to bring about greatly en-
hanced reductions in fish kills. Owing to the op-
erating principles of these devices, captured fish
would still be exposed to the hazards of direct
mechanical encounter and removal. If some new
device is to be better at conserving fish life, it must
bring about a reduction in mean entrapment time
through some active means of removal or diver-

J
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sion of fish from intake systems, but some active
means not dependent on forcible contact with the
fish or their extraction from the source waters.

The reconfigured machine, as tested at the In-
dian Point plant and described here, is now man-
ufactured by Envirex, Inc., of Waukesha, Wiscon-
sin.
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Brief history

At full pumping capacity, the two operating nuclear plants at Indian
Point divert approximately 1,680,000 gallons per minute of Hudson River
water for condenser cooling. This water is withdrawn by circulating pumps
through intake bays, each 13 feet wide and (about) 27 feet deep, that open
onto the river. Each plant is equipped with six such bays and circulating
pumps. Hence, a single bay accounts for about 140,000 gallons per minute
of water withdrawal and heated discharge at full operating capacity. In
addition, each plant has a service water bay that withdraws an additional
30,000 gallons per minute (or 60,000 gpm combined).

Each intake bay is furnished with a barrier screen that prevents in-
drawn debris from passing into the circulating pumps. Because of the large
volumetric intake of river water, quantities of fish are regularly drawn with
the water flow into the barrier screens and killed. As one intended means
of reducing these fish kills, the Settlement Agreement of 10 December 1980
called for the replacement of the existing Screens with barrier devices known
as "angled screens."

Owing, however, to a subsequent analysis that showed the proposed
angled screen design as offering little promise for significantly reducing fish
kills (Fletcher 1984a), the settlement parties ultimately rejected angled
screens in favor of an option in the Settlement Agreement that allowed for
"alternative mitigation measures." That provision was interpreted, in turn,
as allowing for alternative barrier devices that provide for the conservation
of entrapped fish. One such device, known somewhat erroneously as a
Ristroph screen, is now being tested, and it is the principal subject of
this report. As currently configured, this test device little resembles the
standard Ristroph design.

On rejection of the angled screens, Consolidated Edison elected to
install and test the Ristroph device as manufactured by the Royce Equip-
ment Company of Houston, Texas. The first test version of the Royce
screen was placed in intake bay number 6 of Indian Point unit 2 (the Con-
solidated Edison plant) the latter'part of 1984, and Consolidated Edison
commenced its initial fish collection studies in January 1985. These col-
lections continued for three'months, the results of which were reported in
Con Ed (1985).

Figure 1 on page 8 shows the general mechanical arrangement of the
prototype screen as it was configured during those initial tests. Site ar-
rangements of the screen and the sampling apparatus are depicted in Con
Ed (1985) by Figures 2-1, 2-2, and 2-3. Although similar in principal to
the existing screening devices at both Indian Point plants, the Royce stan-
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dard screen is equipped with fish-catching troughs (the so-called Ristroph
modification) and it is designed for continuous operation (continuous travel
and debris removal) as opposed to the intermittant mode of rotation of the
existing screens.

As reported in Con Ed (1985), the initial version of the prototype
screen (called "Royce version 1' here) imposed high mortalities on sev-
eral collected species, not unlike the levels of mortality measured at other
intake systems (other power plants) employing similar screening devices
(reviewed in Fletcher 1984b). During the initial testing program at Indian
Point, conditions adverse to fish conservation were noted, namely, (1) fish
adhered to the metal screen troughs, (2) fish entangled in unreleased algal
matting, (3) inadequate width and shape of fish recovery sluice, and (4)
ill-positioned flap seal (items reported in Fletcher 1985 and reviewed here
in Section 1). Owing to the unexceptional performance of the test screen
in its fish recovery portions, the device, as then configured, was judged by
HRFA to be no more desirable than the rejected angled screen system.

As reported to you in Fletcher (1985), I examined the operation of the
test machine in detail, then conferred with Dr. Marcellus of Consolidated
Edison and devised a number of possible fixes for improving the debris
removal and fish recovery performance of the device (of Royce version 1).
That information was transmitted to the manufacturer, who in turn con-
structed a working replicate of the test screen in the Royce hydrodynamics
flume (in Houston) and proceeded thereafter with the mechanical design
and testing of the recommended alterations. I participated in that work,
the results of which were reported to you in Fletcher (1986a and 1986b).

-The problems connected with fIJshcvery and debris separation (the
adverse conditions noted above) seemed to have been resioT1-d7,t =eastil'-

r..•Tlgi• --?,h"•J__v'alTnn~caions Ceste'i[-in-• us-to-n, but--t ose-moý&--

ifications were limited to the observed portions o e! raciRi-i ie
water. Whether or not the fish-catching rails (those affixed to each screen
panel) actively captured freely swimming fish (as opposed to merely ,lifting
impinged fish from the water), or to what extent the screen and rail system
below water might be contributing to death and injury of empounded fish,
were questions still unresolved.

In response to those questions, the manufacturer installed an under-
water filming port in the side of the hydrodynamics flume, and carried
out a series of flow and fish experiments, which I designed and supervised.
Those experiments revealed flow' patterns in the vicinity of the fish-catching
rails not altogether compatable with fish behavior and injury-free recovery.
The rails were th"n redesigned and certain apparatus added that brought
about increased rates of fish capture, as well as redaceda inciden-e of im-

o0seid injury. Results of the fluid dynamical experiments were reported to
you in teher (1986b and 1986c); some of that experimental information
is given in more detail in Section 2 of this report. The modifications and
improvements developed in the Houston test flume were then incorporated
into the prototype screen at Indian Point. The manufacturer removed the
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machine (Royce version 1), reconfigured it as indicated on Figure 2, then
reinstalled it in the test bay (as Royce version 2).

Although we had conducted an extensive series of mechanical and
fluid dynamical experiments on Royce version 2 in the Houston flume, the
accompanying flume experiments with fish were circumstantial in nature
and could not be considered sufficiently rigorous for probabilistic examina-
tion, nor could flume experiments alone be thought adequate for assessing
the overall risks associated with field conditions. Therefore, I drew up
a proposed, two-part testing program (Fletcher 1986c) that consisted of
site tests at Indian Point and further tests in the Royce hydrodynamics
flume. I circulated the proposal to HRFA, DEC, EPA, PASNY, and Con
Ed for comments, and then composed an improved experimental design
for the flume tests. At the request of Consolidated Edison, I also assisted
Dr. Marcellus in drawing up a detailed working plan for the site tests at
Indian Point (Con Ed 1986).

The tests proposed for the Royce flume were meant to test the causal
findings that led to some of the innovations now incorporated into the re-
configured device, while the proposed in situ tests at Indian Point were
meant to produce information on the likelihood of decrease in fish mortali-
ties, as compared to the mortalities associated with the device as originally
configured and tested. Both parts of the testing program were structured
in a sequence of discrete steps that allowed for a detailed examination of
each station or operation of the machine in turn, with the view to identi-
fying and further improving any particular apparatus or functioning of the
machine that might be imposing undue damage on captive fish.

The tests in the Houston hydrodynamics flume (some of which were
conducted with striped bass and white perch from the Hudson) essentially
substantiated the earlier findings that led to the redesigned fish-catching
apparatus. The probabilities of capture (the chanc that a fish would be
caught on its first encounter with the barrier screen) were significantly
increased for some species, and all test fish, once caught, suffered less
buffeting in the redesigned fish rails than they did in the standard rails of
Royce version 1. See Section 3 for the testing results, and Appendix A for
the corresponding data register.

The field tests at Indian Point with known samples of released fish
(the mark and recapture tests reported in Section 4) confirmed our find-
ings from the flume experiments that juveniles of some species are rapidly
impinged at a fluid speed of 30 cm/sec, the speed of the intake flow at the
Indian Point plants, but we also determined that impingement is not the
proximate agency of high mortality it is thought to be. Captured fish were
h more by injuries imposed on them during the recovery process
In the case of fishes able to swim against the flow for extended periods,
the mark and recapture experiments confirmed a hypothesis of random
encounter and active capture by the redesigned fish rails.

Over the period 16 September to 24 October, the reconfigured ma-
chine and the circulating pump of the test bay were allowed to operate in
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the manner required for maximum intake of cooling water. During this
period, 146 two-hour collections of captured fish were taken and held for
8-hour morbidity tests, Also, 29 collections were taken that ranged from six
to 29 hours duration. The results of these fish collection experiments are
given in Section 4. A comparison between these data and the tests by Con-
solidated Edison on-th machine a originaly confi-tured showed significant
reuictions in mposed deaths and iniuries to captured fish (see Section 1).
ecasethetwo , n rngrans were conducted during unlike seasons

(versIon in winter, version 2 in summer), the problem of algal matting
was not tested, however. The indrawn debris during the summer testing of
the version 2 machine was mostly eel grass, which was not stapled firmly
into screen mesh like the winter alga encountered during the tests on the
version 1 machine. Nor was there evidence to suppose that fish mortalities
were increased by the presence of the eel grass.

None of the testing or experimental work was directed to an exami-
nation of any fish. conservation apparatus beyond the confines of the single
barrier device. No investigative work has yet been done on the mechanism
for returning recovered fish to the source waters. For further commentary
on testing not yet completed or undertaken, see pages 11, 32, 38-39, 50,
and 53.
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EXPANDED CAPTIONS

Figure I (page 8). Mechanical arrangement of the prototype screening
device as originally configured and tested in January-April 1985 (Con Ed
1985); called Royce version I here. The screening apparatus proper, whose
principal function is the protection of the intake sump from water-borne
debris, consists of rectangular screen panels, linked together as an endless
chain, that travel vertically and so accomodate the removal of captive
debris from the meshes and auxiliary structure of the panels. To that
extent, the prototype device is similar to the existing debris screens at
both Indian Point plants, but unlike the existing screens it is constructed
of stainless steel (a4 opposed to plain carbon steel), it Is designed for
continuous rotation and cleaning (as opposed to intermittant rotation),
and it is equipped with fish recovery apparatus. The bottom rill (B) of
each screen panel (A) has a concave shape that retains water and captive
fish as the panels ascend to the driver sprocket (C). As a panel (D) rotates
over the sprocket, the fish rail affixed to the panel spills out its captive
water and fish. Released fish are meant to fall or slide along the incline
of the descending panel into a fish sluice (H) and thence to a conduit for
their return to the source waters. The release of fish from the rail and
screen surface is aided by two rows of low-pressure sprays (E) and (F). A
wide strip of flexible material (G), called a flap seal, is meant to prevent
released fish and debris from falling behind the fish sluice and into the
intake flow. Debris and fish remaining on the screen panels are blown into
a debris sluice (K) by a row of high-pressure water jets (J).

Figure 2 (page 9). Mechanical arrangement of the reconfigured proto-
type as currently installed at Indian Point and tested in August-October
1986; called Royce version 2 here. Each screen panel (A) now has an
auxiliary screen attached to the leading edge of its (reshaped) fish rail
(BB). Debris embedded in the meshes of a screen panel (and its auxiliary
screen) is blown free as the panel ascends through a row of high-pressure
jets (J.J). Thq spray is interrupted by deflectors, mounted on the fish rails,
that prevent disturbance to the water and fish contained in the r'ails. Re-
leased debris that would otherwise fall into the fish rails is deflected by an
articulated shield (L) to a debris sluice (KK). As a screen panel (D), now
free of debris, rotates over the driver sprocket (C), captive fish slide or fall
into a fish sluice (HH). The release of fish from the metal fish rails is aided
by a low-pressure apray (EE), and the release of fish from the surfaces of
the descending screen panels is aided by two rows of fish sprays (FF).
During the field tests on the reconfigured machine, the seal (at GG) was
removed.
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FIGURE 1. Initial configuration
of prototype screen (Royce ver-
sion 1). Structural detail omitted
for clarity.
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FIGURE 2. Reconfigured
prototype screen (Royce ver-
sion 2). Structural detail omit-
ted for clarity.
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Flap seal absent during tests.
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Header, primary debris spray.
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On the reconliguration and empirical evaluation of a prototype screening device at Indian
Point ,unit 2.

SECTION 1.
Notes on the field and flume tests of Royce version 1

During the Con Ed tests of January-April 1985 on the device as it was
originally configured (as Royce version 1) or during my flume experiments
on its replica, the following deficiencies were observed. Each has been ad-
dressed by the manufacturer, and the various fixes noted below have been
incorporated into the reconfigured prototype, Royce version 2. The effec-
tiveness of each-such alteration in performing its intended function was
observed and measured during the course of the two-part testing program
documented in this report. Those testing procedures are described more
fully in Section 3 (flume tests) and Section 4 (field tests); the corresponding
data registers are contained in Appendices A and B. Section 2 contains a
description of the Royce hydrodynamics flume, together with some infor-
mation on the flow and fish experiments that led to the redesigning of the
fish rails. In the following narrative, references to components and loca-
tions of the test machines are keyed to the letter codings (A,13,C,...) that
appear on Figures 1 and 2.

1. Fish adhered to the metal fish rails. Asa screen panel (D, Figure 1)
rotates over the top of the upper driving sprockets of the machine, the fish
rail (or trough) affixed to that panel spills out its captive water. In turn,
captive fish are also meant to spill from the rail an4 slide along the incline
of the moving panel to the fish return sluice (H). During the initial field
tests of Royce version 1, some fish remained in the overturned screen rails,
apparently stuck fast to the metal surfaces, and were carried past the fish
collection sluice and into the debris sluice below (at K) or into the intake
flow behind the screen. As recommended by Dr. Marcellus of Con Ed, the
manufacturer repositioned the outside low-pressure spray header (from E
of version 1 to EE of version 2), which cured the problem of unreleased fish,
at least while the spraywash was functioning at its intended rate of flow.
But during the field tests on version 2, I observed inadequate spray patterns
from all three low-pressure headers (EE and FF) owing to clogged spray
nozzles, an apparent fault of poor debris straining at the service pume.

2. Obstruction of the Inside fish spray by algal matting. If captive fish
spill as intended from an overturning fish rail and onto the inclined surface
of the descending screen panel, then the freeing of fish from the panel
surface is aided by a row of directed low-pressure jets (F on Figure 1) that
spray wat r through the descending panels from a location between the
ascending and descending halves of the travelling screen. But during the
months (January to April) of the initial tests on Royce version 1, that fish
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spray was ineffective owing to a covering, over the extent of every screen
panel, of an embedded filamnentous alga, which prevented much of the spray
from penetrating the screen mesh. As a consequence, many fish were not
freed from the surface of the algal matrix, but were carried past the fish
collection sluice (H) into the high-pressure debris spray (at J on version 1),
and thus were blown into the debris sluice (K) with the algae and other
debris. Although the river loading of filamentous algae is highest during
winter months, I observed this problem, although to a lesser extent, as
late as June. The magnitude of fish loss attributable to this process is
not known with any precision owing to the difficulties of inspecting large
quantities of debris.

As recommended in Fletcher (1985), a fundamental reordering of the
fish and debris removal systems was incorporated& into the design of the
reconfigured device (Royce version 2; Figure 2). The related alterations
were essentially five in number:

L. a repositioning of the primary high-pressure debris header (from J of
version 1 to JI of version 2) so that its jets now blow through the
ascending screen panels;

ii. a relocating of the primary debris sluice (KK) to the ascending side
of the screen;

iii. the adding of an inside low-pressure fish spray and a repositioning of
the existing inside fish spray (location FF);

iv. the adding of longitudinal spray deflectors to the backs of the panel
rails, as a means of preventing disturbance to captured fish as the
ascending fish rails pass in turn through the relocated high-pressure
debris spray;

v. the adding of an articulated metal shield (L) for protecting the as-
cending fish rails against the debris that would 9therwise fall into the
rails as the screen panels pass through the (relocated) high-pressure
debris spray.

This reordering of the debris removal and fish recovery systems was meant
to resolve the problem of poor fish recovery associated with the obstruc-
tion of the inside fish spray by the algal matting, the intention being that if
the algal mat were blown loose from the ascending side of the screen-and
if that removal should leave the ascending fish rails (and the fish within)
undisturbed in the process-then the low pressure fish sprays (at FF on
the descending side of the screen) might do their work as intended. In ex-
periments with debris loading of the replicate device in the Houston flume,
the relocated high-pressure jets removed embedded (or "stapled") filamen-
tous algae as intended. In both the flume tests and the site tests, captive
fish passed undisturbed through the high-pressure spray, but debris tests
at Indian Point (on Royce version 2) were inconclusive, as no filamentous
algae were present in the river during the testing period (August-October
1986). Although the articulated shielding - evice (L) fulfilled its function
in the flume tests, its mechanical reliability, as currently designed, remains
uncertain.
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3. Inadequate width and shape of the fish collection sluice. Should the fish
recovery system operate as intended, the fish spilled from the overturning
screen rails are meant to slide or fall into a fish sluice at the rear of the
device, and from there be carried by a common conduit back to the source
waters. The fish sluice is supplied, at its farthermost end from the return
conduit, with a stream of running water. Owing to the semicircular shape
of the original sluice (H), the effective width of the stream was too narrow,
irrespective of the speed of the stream flow. As observed during the initial
field tests (of Royce version 1), the livlier fish would often spring loose from
an overturning screen panel (at D) and sail over the fish sluice altogether
or strike the far side of it, instead of falling directly into the sluice water
as intended. As recommended, the manufacturer increased the width of
the sluice and changed its shape from semicircular to rectangular (RH),
thus increasing the effective width of the stream). The desired width was
determined from filmed trajectories of falling fish.

4. 111-positioned flap seal. As a part of the manufacturer's standard design,
a panel of flexible material (G), called a flap seal, is affixed to the inward
edge of the fish collection sluice and extends across the width of the screen.
In its relaxed position, the flap seal is inclined upwards and it projects
slightly into the path of travel of the downward moving panel rails (hence
the "flap"). When correctly positioned, the flap seal is meant to prevent
fish from dropping between the screen and the fish sluice. During the
initial field tests (of Royce version 1), the flap seal had been relocated in a
position that left a sizeable gap between the seal and the travelling panels, a
positioning that allowed debris (and entangled fish) to pile atop it in heaps.
Because debris is now removed from the screen panels at the front side of
the machine (at JJ), little debris should reach the back side, so a standard
flap seal (at GG) would probably perform as intenddd. Although the flap
seal was effective in the flume tests, it was not tested in the field trials of
the reconfigured machine. An alternate device, designed by Dr. Marcellus,
had been installed in its place, but this alternate device interfered with the
fall of fish to the collection sluice, so it was removed during the field tests.
Even in the absence of any shielding device whatever, few fish fell into the
gap between the screen and fish sluice, but the flap seal (or alternative
device) shmnld he installed and observed especialy during winter months
when the intake of filamentous alaei.L highest.

5. Shear-driven vortices in the fish rails. Underwater dye studies of the
flow path lines around the manufacturer's standard fish rails (B, Figure 1)
revealed longitudinal vortices along the lateral axes of the rails that were
strong enough to impose orbital motions and consequential buffeting on the
fish captured by the rails. The dye studies showed these vortices to be shear
driven by the acceleration imparted to the main flow by the leading edges
of the fish rails (see Figure 7, page 22). The redesigned fish rail (installed
on Royce version 2) now has an elevated leading edge that creates a flow
stall immediately behind the elevated portion, which provides a somewhat
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sheltered region for captive fish. With this rail design (and the auxiliary rail
screen discussed in the next item), swimming fish are now more actively
caught by the ascending fish rails, and once caught the fish suffer less
buffeting and damage.

6. Avoidance and escape of actively swIninng fish. Fish and flow exper-
iments on the standard fish rail revealed small proclivity on the part of
actively swimming fish to remain sufficiently within the bounds of the as-
cending fish rails to be captured and raised from the water. The redesigned
rail now has an auxiliary screen, 3 inches in height, attached to its leading
edge. Swimming fish enter this, new profile preferentially, and once within
it they tend to remain (as opposed to repeated escape from the standard
rails of Royce version 1). The increase in the removal rate of impounded
f is jiigoment, since the requencies of Imposed deaIth

and injury increase in proportion to'Rtrapment time and repeated contact
-with the barrier screen.
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On the reconfiguration and empirical evaluation of a prototype screening device at Indian
Point unit 2.

SECTION 2.
Fish and flow experiments In the hydrodynamics flume

This section contains a description of the Royce hydrodynamics flume,
together with some of the experimental findings that led to the redesigning
of the fish catching rails,

Following HRFA's disapproval of the prototype screen as originally
configured, the manufacturer constructed a replica of the machine in the
hydrodynamics flume in Houston and reconfigured it after the recommen-
dations reported in Fletcher (1985) (and reviewed in Section 1). As later
reported to you in Fletcher (1986a and 1986b), I conducted flume exper-
iments on those revisions, including underwater filming of debris loading
and recovery of fish. The flow marking experiments on the fish rails and
screen panels, however, are described more fully here than in previous re-
ports.

With the exception of the design of the articulated debris shield (L
on Figure 2) and a trial apparatus, favored by Dr. Marcellus, for replacing
the flap seal (G), I believed the various modifications to have been suf-
ficiently proven by this experimental work to merit a formal retesting of
the screening system. A two-part testing program (on Royce version 2)
was eventually carried out, the results of which are documented in other
sections of this report.

A diagram of the Royce hydrodynamics flume is shown by Figure
3 (page 15), and the installation of the replicate screen is shown by the
photographs on page 17. The overall length of the flume and inlet chamber
is about 49 feet, and in its test section the flume is 7 feet wide with sides 5
feet high. For the experimental work on the replica, water depth was 4 feet.
The system contains about 12,000 gallons of water, which is circulated by
a 24 inch propeller (a bow thruster) located in the return ducting. The
propeller will drive the flow at speeds to 60 cm/sec in the test section of
the flume. More complete specifications of the flume and its apparatus are
given in the caption to Figure 3. The flume is operated and maintained by
Trent Gathright of the Royce Equipment Company. Although I designed
the flume, Mr. Gathright directed its engineering and construction. He
was also an active participant in the experimental work, more often as
collaborator than assistant.

Continued on page 18
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Iil FIGURE 3. Diagramof Royce hydrodynamics
f lume.

Coolers,
hydraulic
fluid

SPECIFICATIONS

Flume lype: Open channel, recirculaling.

Construcllon: Sleel, coaled with Carbollne (a non-
toxlc epoxy).

ODmensions- Overall length 49 II; channel depth
5 It; channel wldlh main flume 7 It.

Fluid: 12,000 gals fresh water; conllnuous filtration.

Fluid driver: 24 In diameter shrouded propeller (bow
thrusler), hydraulically driven and controlled.

Prime mover: 150 hp electric motor connected to
pumps of hydraulic system.

Hydraulic system: Dual pumps, 100 gpm at 2000
psi; 300 gal reservoir and auxiliary coolers,

Flow dlslribullon: 98 galed metering tubes from
Inlet chamber.

Flow geometry Laminar In lest section at speeds
to 60 cm/sec.

Flow moniloilng: Eleclromagnetic flow meter with
xy analog readouts; etiached to digVial converter.
Three-dimensional velocity display on monitor and
printer.

Recording apparatus: Color ccd video camera; low
light B&W ced video camera; 35mm camera. While
and Infrared lighting; underwater filming ports.
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are1 Sal say EvosoimerI S|tson



Figure 4 (facing).

Top: View of hydrodynamics flume looking downstream from inlet end.
Circular structure in immediate foreground is one of two fish holding tanks
on a platform above the flume. Flow straighteners can be seen in middle
foreground. The surface disturbance visible in the photograph is owed to
the discharge from an outlet pipe of the filtration system (at the left end
of the flow straighteners). The filtration flow is usually turned off during
experiments.

Bottom: Installation of the Indian Point. replica. Except for the depth
below the water surface and the width of the screen panelling, the repli-
cate machine is identical to the prototype machine at Indian Point. The
technician in the photograph (Mr. Gathright) is standing on the catwalk
directly over the underwater filming cubicle.
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Flow marking experiments.
The initial experimental work in the Houston flume, on the modifications
eventually incorporated into the reconfigured machine, was undertaken, for
the most part, over the period 2 December 1985 to 24 February 1986 (as
reported in Fletcher 1986a and 1986b). The six major alterations addressed
in that work are itemized in Section 1 (pages 10-13) of this report. Many
of the underwater experiments were recorded on video tape or 35mm film
(referenced in the data register, Appendix A). In this section, the topics
of interest from that experimental work are the findings that led to the
redesigning of the fish catching rails.

We commenced our underwater experiments by releasing fish up-
stream in the flume and observing their behavior as they were carried
downstream to the screen. Most of the fish employed in these early experi-
ments were juvenile shiners, Notemigonus cryaoleucas, obtained locally. At
the two water speeds employed in the experiments (30 and 45 cm/sec), fish
behavior was similar, although the juvenile shiners, in not being strong
swimmers, were less able to stem the flow at the higher flow speed. At
both flow speeds, we discovered that actively swimming fish (those able
to maintain station) were not readily caught by the (upward moving) fish
rails.

Virtually all of the test fish that entered the fish rails had worked
their way down the inclined screen mesh (or were carried down the mesh
by the oblique force of the water flow) after being flattened ("impinged".)
against the screen. Once in the vicinity of a fish rail, they were caught in a
secondary flow, interior to the rail, that swirled them about in the manner
depicted on Figure 5 (page 19). Fish captured in this fashion were injured
less by their motions along the screen mesh (which, in the Royce device,
has a smooth surface) than by the buffeting they received in the fish rails.

We also discovered that captured fish would often escape an ascend-
ing fish rail just before the leading edge of the rail broke the surface, as
indicated on Figure 5. Apparently, the fish were able to sense their near-
ness to the water surface and reacted to it by darting out from the rail
confines into deeper water.

As a means for examining the flow geometry at the screen panels and
rails, we constructed dye releasing apparatus and established flow profiles
of the Royce standard screen panel, the Ristroph panel of another manu-
facturer, and several trial shapes of our own devising. For each profile, we
released the dye (potassium permanganate) on 1 cm vertical intervals, just
upstream of the subject, and photographed each dye release (40 to 50 per
profile). Figure 6 on page 20 shows two such dye tracings. From these pho-
tographic records, we assembled complete flow profiles of the panel sections
(as in Figure 7 on page 22).

Continued on page 21
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Notes:
Most of the fish that enter the standard
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ondary flow that swirls them in rapid or-
bits inside the fish rail. Fish are injured
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fish rail just before the leading edge of the
rail breaks the water surface.
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As illustrated by* Figure 7 (page 22), the dye studies of the Royce
standard mareen panel revealed the cause of the rapid orbiting of the fish
caught in a fish rail. The water interior to the rail was being shear driven,
by the main flow through the screening, in the form of an independent,
longitudinal vortex of such strength that test fish were not able to maintain
a stable position within the rail. In consequence of these imposed swirling
motions, captive fish were often injured by repeated contact with the screed
structure at the rear interior of the fish rail.

The independence of the rail vortex was evident from the long (and
visible) duration of dyed fluid spinning within the rail following shut off
of the dye supply. The fading in color of the dyed vortex was also an
indication of the rate of turbulent exchange between the main flow and the
captive rail water.

Because the fish rail is also a structural member of the screen panel,
the latitude allowed us in reshaping the rail was somewhat restricted, but
I believed the vortex could be eliminated by replacing it with a flow stall
immediately' ahead of the rail (or, more precisely, ahead of its back wall).
I hoped to bring about that alteration in flow geometry by recurving the
rail profile, by lowering its leading edge, and, to prevent the escape of
captured fish, by affixing a low auxiliary screen to the leading edge. We
did some initial studies on rail shaping, but that developmental work was
not completed in the time alloted to us. Instead, Mr. Gathright employed
the alternate strategem of merely elevating the leading edge of the standard
rail, which is now the rail shape of the reconfigured machine (Figure 2).

As shown on Figure 8 (page 23), the elevated leading edge of the
modified rail trips the main flow, and the resulting turbulence immediately
behind the front wall of the rail provides a somewhat sheltered region for
captured fish. The diminished vortex at the rear of the rail imposes less
disturbance to the fish than the vortex of the unmoJified rail. The auxiliary
screen proposed for the leading edge of the modified rail was retained,
but the screening is made from expanded metal (with diamond shaped
perforations) instead of wire mesh, apparently for ease of construction.
The perforations are large in comparison to the mesh size of the screen
panels, but in tests with fish small enough to fit through the perforations
of the auxiliary screen, the numbers of fish escaping the rails in that manner
were insignificant.

The auxiliary screen creates a downstream turbulence apparently fa-
vorable to fish capture. In experiments with shiners, and later, in the flume
tests with white perch from the Hudson, many of the fish that moved into
the vicinity of the rails were observed to dive, preferentially, behind the
auxiliary screen and into the rail (and remaining there), as opposed to the
active avoidance reactions of fish swimming freely in the accelerated flow
above the unmodified rails of Royce version 1.

21



FIGURE 7. Flow profile of
Royce standard screen panel
and rails.
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Notes:
Composite pattern of flow pathlines reconstructed
from photographed dye releases spaced at 1 cm
vertical Intervals. The flow geometry surrounding
the adjoining panel tails was similar at the (up-
stream) test speeds of 30 and 45 cm/sec, although
the angular velocity of the captive vortex In the
fish rail was greater at the higher fluid speed. The
rail vortex Is Independent of the flow through the
screen mesh, except for turbulent exchange across
the (shearing) boundary between the two. 22
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FIGURE 8. Flow profile of
reconfigured fish rail.

Notes:
Composite geometry of flow. pathlines reconstructed
from photographed dye releases spaced at I cm ver-
tical intervals'. Elevated leading edge of the fish rail
alters the flow geometry by moving the rail vortex
rearwards, thus creating a region of stalled, captive
fluid where fish are able to maintain swimming equi-
librium. Once captured, fish are prevented horn es-
caping the (upward moving) rail by the auxiliary screen.
Freely swimming fish do not avoid the turbulent entry
behind the auxiliary screen and its supporting bar as
consistently as they avoid the accelerated flow over
the standard fish rail (Figure 7). 23
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On the reconfiguration and empirical evaluation ofta prototype screening device at Indian
Point unit 2.

SECTION 3.
Flume tests, final testing program, Royce version 2.,

Sections 3 and 4 of this report contain the results of the final, two-part
program of tests on the fish conserving properties of Royce version 2, the
reconfigured prototype screen. These results are evaluated in Section 5 by
comparing them to the field and flume observations of Royce version 1 and
to the results from the testing by Consolidated Edison of version 1 (Con
Ed 1985). The requirements of the testing program for Royce version 2
were given in Fletcher (1986c); for convenience of reference the test flume
portion is outlined below. The flume tests were carried out over the periods
15-18 July and 12-15 August 1986 by myself, Mr. Gathright, and assistants
from the Royce Equipment Company.

Outline of required tests, Royce hydrodynamics flume.
A. Underwater system

1. Documentation, by underwater filming and quantitative measures, of
events associated with capture and avoidance:

a. Water speeds: 30 cm/sec and 45 cm/sec.
b. Species: local shiners; juvenile white perch and striped bass

from Hudson River.
c. Sample sizes: Upstream release of 20 to 50 fish, each sample,

for underwater filming at moving screen; '3 or more replicates,
each set of experimental variables.

cd. Environmental records: Temperatures and chemical properties
of water in holding tanks and flume.

e. Temporal records: Holding times; re-use of samples. Camera
clock for flume experiments.

2. Report of results.
a. Register of experiments and experimental variables.
b. Sythesis of experimenters' descriptive observations.
c. Calculations of capture probabilities.

B. Above-water system
1. Contemporary observations and quantitative measures of events:

a. Examinations of [items 1-4, pages 10-12 of this report].
2. Report of results

a. Register of experiments and experimental variables.
b. Compilation of data and synthesis of experimenters' descriptive

observations.
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Instrumentation employed in flume tests:
Cole Parmer model 5983 pH meter.
Fisher Scientific model 152 conductivity meter.
Marsh McBirney model 511M electromagnetic current meter.
Aquarist #35100 ammonia test kit.
Stem thermometers.
Panasonic model WV-3230 ccd color video camera.
Chugai model BS-704R high resolution B&W video camera.
Canon model AE-1 35mm camera.

Flume underwater tests
The measurement of importance from the flume underwater tests is the
empirical probability that a fish, released upstream, will be captured and
removed from the water on its first contact with the screening device.

16-17 July 1986
Species: Notemigonus cryaoleucaa, 11.0 cm mean fork length.
Water of origin (fish farm): pH 6.95, temperature 24*C.
Holding tank: pH 8.3, temperature 240C.
Flume water: 3 days residence before tests, continuously filtered and
circulated; pH 8.1, temperature 26 0C, conductivity 1.5 X 103pmho/cm
(distilled water 64 pmho/cm).
Experimenters:. I. Fletcher, T. Gathright, R. Ewbank, C. Sunley.

Fish samples released 15 feet upstream of travelling water screen; low light
levels (covered flume); fish behavior at screen front recorded on video tape
with the Chugai BS-704R ccd through underwater filming port; dark cam-
era cubicle. The following results were extracted from the tapes.

Trial Sample Water Total Lost Escaped Caught
No. sixe speed fish from scrden on

cmr/ observed view contact
1 20 30 10 1 1 8
2 20 30 16 7 5 4
3 20 30- 8 2 1 5
4 50 30 18 6 1 11
5 s0 30 19 5 8 6
6 40 so 19 5 8 6

90 26 24 40

18 July 1986
Species: Notemigonus crysoleucas, 6.5 cm mean fork length.
Water of origin (fish farm): pH 6.95, temperature 240C.
Holding tank: pH 8.1, temperature 31*C.
Flume water: 5 days residence time before tests, continuously filtered;
pH 8.1, temperature 31*C, conductivity 1.5 x 103 pmho/cm.
Experimenters: T. Gathright, R. Ewbank, C. Sunley.

Fish samples released 15 feet upstream of travelling screen; low light levels
(covered flume); fish behavior at screen front recorded on video tape with
the Chugai BS-704R ccd through underwater filming port; dark camera
cubicle. The following results (overleaf) were extracted from the tapes.
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Trial Sample Water Tbtal - Lost Escaped Caught
No. alse speed fish from screen on

cm/a observed view contact

1 20 30 11 0 1 10
2 20 45 15 0 0 15
3 20 45 18 3 2 13
4 20 46 19 3 2 14

63 6 5 52.

12 August 1986
White perch juveniles from the Hudson River and striped bass juveniles
from the Verplankt hatchery shipped by air to Houston. Of 750 fish in
.six containers, approximately one-third survived in a condition suitable for
use in the flume tests. The pH of the water in the shipping containers
measured 7.0; ammonia levels were off scale. Conductivity of the water of
origin reported to be 500 pmho/cm, but since 5 per mille salt had been
added to the container water, we did not test its conductivity. As the
fish were red in the gills and sluggish, we transferred them as quickly as
possible to the (two) holding tanks (which were fitted with 02 bubblers),
but we first lowered the pH of the tank water from 8.2 to 7.5 in one tank
with sodium bisulfate, and to 7.8 in the other with hydrochloric acid. The
temperatures of both the container water and the tank water were 280C.

13 August 1986
Species: Morone americana, 5.0 cm mean fork length.
Holding tank: pH 7.5, temperature 280C.
Flume water: 3 weeks residence time, continuously filtered and aer-
ated; pH 8.2, temperature 280C, conductivity 1500 jmho/cm.
Experimenters: I. Fletcher, T. Gathright, R. Ewbank.

Fish samples released 15 feet upstream of travelling screen; low light levels
(covered flume); fish behavior recorded on video tape with the Chugai

BS-704R ccd through underwater filming port; dark camera cubicle. The
following results were extracted from the tapes.

Trial Sample Water obtal Lost Escaped Caught
No. mise speed fish from screen on

cm/s observed view contact

1 25 30
2 25 30 10 5 1 4
3 25 30 14 6 3 5
4 25 30 11 2 1 8
5 25 45 680 1 1 4
6 25 45 544 3 0 2
7 25 46 7 2 1 4
8 26 45 7 4 1 2

60 23 8 29
* Trial terminated after release of fish; screen not operating. Fish in this
sample drifted with the flow in a tight group to the screen face, then scat-
tered. Two of about 15 at the screen front were impinged; 3 or 4 darted
downwards Into a fish rail and remained there; 4 darted forward after con-
tacting the screen; the remainder were lost from view..
** 10 to 15 fish of the sample were drawn to the screen along the bottom
of the flume and could not be accounted for with any accuracy.
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14 August 1986
Species: Morone sazatilia, 71 cm mean fork length.
Holding tank: pH 7.8, temperature 280C.
Flume water: three weeks residence time prior to tests, continu-
ously filtered and aerated; pH 8.2, temperature 280C, conductivity
1500 pmho/cm.
Experimenters: I. Fletcher, T. Gathright, R. Ewbank.

Fish samples released 15 feet upstream of travelling screen, except as noted;
covered flume, low light levels except as noted; fish behavior at screen front
recorded on video tape with the Chugai BS-704R ccd through underwater
filming port; dark camera cubicle.

Trial Sample Water Total Lost Escaped Caught
No. size speed fish from screen on

cm/a observed view contact
1 25 30
2 25 30 ý3 0 2 1
3 25 45 10 _1 7.

13 2 3 8
'Trial terminated. Experimenter reported (orally, on tape) that all the fish
went immediately to the bottom upstream and remained there, apparently
because a light had been left on in the flume.

In none of the tests with striped bass did fish of a released sample reach
the screen in quantity. In experiment 2, no fish appeared at the screen
within 3 minutes of release; the flume was then made totally dark for 30
seconds, but the fish remained upstream. After an hour of observation,
only three fish had come into view at the screenfront. In experiment 3,
fish were released in a dark flume; the low-level lighting was turned on 1
minute after release. Although the fish had.moved farther along the flume
bottom than usual, they still tended to keep station upstream of the screen.
During an hour of observation, ten fish came into view at the screenfront.

15 August 1986
Species: Morone sazatilis, 7.1 cm mean fork length.
Holding tank; pH 7.8, temperature 290C.
Flume water: three weeks residence time prior to tests, continu-
ously filtered and aerated; pH 8.2, temperature 29°C, conductivity
1500 pmho/cm.
Experimenters: T. Gathright, R. Ewbank.

Fish samples released 15 feet upstream of travelling screen, except as noted;
covered flume, low light levels; fish behavior at screen front recorded on
video tape with the Chugai BS-704R ccd through underwater filming port;
dark camera cubicle. The following results were extracted from the tapes.

Tial Sample Water lbtal Lost Escaped Caught
No. sese speed fish from screen on

cm/s observed view con tact

1 25 45 1 0 1 0
2 26 45 2 0 1 1
3 25 45 2 0 0 2
4 25 45 6 0 0 6
5 25 45 a 0 2 6

19 0 4 15

(Footnote overleaf)
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In trials 1, 2, 3, and 4, released fish went immediately to the bottom of
the flume and kept station 6 to 8 feet upstream of the travelling screen.
In trial 3, after 10 minutes Into the experiment, the flume was darkened
for 2 minutes, but the fish did not move any closer to the screen. After 30
minutes, two fish had come into view. In trial 4, of the six fish recovered,
four were dead. In trial 5, the fish were released 4 feet upstream of the
screen. The fish came suddenly Into view at the screen front; six entered
fish rails. Two of the six escaped before the rails ascended to the water
surface. The remainder of the sample darted upstream and again kept
station at the bottom of the flume.

Summary, flume underwater tests and experiments. On the question of
conserving fishlife with a barrier device, that operates on the principle of
direct contact with the entrapped fish, impingement is inevitable, and what
matters is the effectiveness of the fish-catching apparatus in removing the
entrapped (and impinged).fish quickly and with little added harm. As
revealed by the flume experiments of December 1985-February 1986, freely
swimming fish were not readily captured (or retained) by the fish rails of
screen version 1. We also determined from those experiments that test
fish were injured less from impingement (from being flattened against the
screen mesh) than from the buffeting imposed on the captured fish by
the vortex action in the fish rails (Figure 5).. The low rate of impingement
injury is apparently owed to the smooth surface of the (Smooth-Tex) brand
of screening mesh employed by Royce, as opposed to the more abrasive
surface of standard wire mesh. Also, the oblique forcing angle between the
inflow and the inclined surface of the Royce screen panel tends to move a
struggling, impinged fish down the panel towards the fish rail, whereas in
the more standard Ristroph design (Figure 6, bottom), the flow is normal
to the surface of the screen panel and tends to hold the impinged fish in
place.

Two alterations to the Royce fish rail were 'Incorporated into the
design of the reconfigured machine: the elevation of the fish rail's leading
edge and the addition of the auxiliary screen (Figure 8). As determined
from the flow and fish experiments discussed in Section 2, the modified rail
profile reduced the vortex buffeting of captured fish. As determined from
the tests reported in this section, the modified rails increased the likelihood
of capture and retention of a fish on its first encounter with the device.

In the experiments on the standard (version 1) rails with juvenile
shiners, virtually all the fish captured by the rails had first been impinged.
Fish able to swim against the flow actively avoided the rail openings, and
impinged fish that entered an ascending rail often escaped the rail before it
cleared the water surface. In the testing of the reconfigured rails (reported
in this section), 62% of the larger shiners were captured and retained on
first encounter (of those fish that encountered the screen). In the tests
with the smaller shiners, which were less able to stem the flow, 91% were
captured and retained on first encounter, but most of these smaller fish,
being weaker swimmers, were impinged before capture. These proportions
were identical at both the water speeds employed (30 and 45 cm/s).

In the tests with Hudson River white perch, 77% were caught and
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retained on first encounter at the 30 cm/s water speed, while 80% were
caught and retained on first encounter at the 45 cm/s water speed. The
two proportions are statistically indistiguishable, as the 3% difference be-
tween them is well within the bounds of uncertainty. At both water speeds,
many of the white perch were impinged before capture. The high impinge-
ment rates of both the white perch and the shiners is a consequence of the
inability of the fish to keep station ahead of the screen, and not inconsistent
with the recovery rates of weak swimmers in the field tests.

In the tests with the hatchery striped bass, 76% were caught and re-
tained on first encounter (test speeds combined), most of which were freely
swimming fish. Although few were impinged before capture, few of the
released fish encountered the screen during the observations. The striped
bass results should be viewed as inconclusive, owing to behavior probably
not representative of striped bass behavior in the plant intake bays. The
recovery rates of striped bass in the test flume were not consistent with
the recovery rates of striped bass samples introduced into the test bay at
Indian Point (a topic of Section 4).

Above water tests
Of the several modifications enumerated in Section 1 (pages 10-13) and in-
corporated into the modified machine, the above water flume tests were
meant to produce information, under controllable conditions, on those
items that influence the transport of captured fish from the upstream side
of the machine to the fish sluice at the downstream side.

17 July 1986
Test: effectiveness of relocated, outside fish spray (EE of Figure 2) in
freeing fish from overturning rail; see item 1, page 10.
Test species: Notemigonus crysoleucas, 6.5 -And 11.0 cm mean fork
lengths.
Experimenters: I. Fletcher, T. Gathright, R. Ewbank.

.Each sample loaded into water-filled fish rail on upstream side of machine.
Screen then activated until loaded rail had passed over the driver sprocket
and through the outside spray wash.

Trial Sample Fish Not
No. slse state freed

1 10 live. 0
2 10 live 0
3 10 , live 0
4 10 moribund 0
5 10 moribund 0

During these trials we noted the Interference of a debris shie*d (location GG
of Figure 2) with the trajectories of fish as they fell from the overturning
screen panel to the collection sluice (events recorded on video tape). The
manufacturer had substituted this shield (a suspended, swinging device
made of a rigid plastic material) for the standard, flexible flap seal of screen
version 1 (0 of Figure 1). Because a large proportion of the fish in these
tests struck the blade of the shield when falling from the overturning screen
panels, we removed the shield altogether for the remainder of the above
water tests.
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Test: trajectories of falling fish, and reception of fish by collection
sluice (HH of Figure 2); see item 3, page 12. No flap seal.
Species: Notemigonus cryeoleucaa, 6.5 and 11.0 cm mean fork lengths.
Experimenters: I. Fletcher, T. Gathright, R. Ewbank.

Each sample loaded into water-filled fish rail on upstream side of machine.
Screen then activated until loaded rail had passed over the driver sprocket
and past the fish collection sluice. In this test, numbers "misdirected"
are fish that struck the inner sluice edge or fell between the sluice and the
travelling screen-fish that failed to fall directly into the sluice as intended.

Ttils Fish Sample Mis- Trial Fish- Sample. Mis-
No. sprays sime directed No. sprays size directed

1 off 10 4 11 on 10 1
2 off 10 1 12 on 10 0
3 off 10 2 13 on 10 2
4 off 10 1 14 on 10 0
5 off 10 2 15 on 10 3
6 off 10 4 16 on 10 2
7. off 10 1 17 on 10 1
a off 10 3 70 9
9 off 10 3
10 off 10 *2

100 23

17-18 July 1986
Test: passage of fish rail through high-pressure debris spray (JJ of
Figure 2). No debris shield (L).
Species: Notemigonua cryaoleucaa, 6.5 and 11.0 cm mean fork lengths.
Spraywash pressure: 105 psi.
Experimenters: T. Gathright, R. Ewbank, C. Sunley.

Samples of ten fish loaded into each of two water-filled fish rails just above
water surface on upstream side of machine. TravqUing screen activated
until loaded rails had passed through debris spray. Screen halted, spray
shut bff, rails examined for missing fish and for fish exhibiting apparent
trauma (such as erratic swimming). Missing fish replaced, travelling screen
then reversed and rails lowered to initial position above water surface.
Spray turned on, described routine repeated ten times (20 rail replicates).

Trial Sample Escaped Apparent
No. sine' or missing trauma

1 20 0 none
2 20 0 none
3.. 20 0 none
40 20 0 none
6 20 0 none
6 20 0 none
7 20 1 none
8 20 0 none
'9 20 0 none
10 20 0

200 1
*Last trial on 17 July; test fish left in fish rails overnight; trials resumed
18 July, fish upright and swimming vigorously in rails; none replaced.
to See following tabulation (overleaf).
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Individual examination of the 20 test fish at conclusion:
1. 1-2 scales missing.
2. 8-12 scales missing.
3. 6-8 scales missing,
4. 10-16 scales missing.

5. 6-8 scales missing.
6. 1-2 scales missing.
7. 3-4 scales missing.
S. No visible injury.,
9. No visible injury.

10. 3-4 scales missing.
I1. 1 scale missing.
12. 2-3 scales missing.
13. 2-3 scales missing.
14. 20-25 scales missing one side.
15. 6-8 scales missing.
16. No visible injury.
17. 4-4 scales missing.
18. No visible injury.
19. 1-2 scales missing.
20. 10-12 scales missing.

Summary, above-water tests and experiments. The above-water modifica-
tions incorporated into the prototype machine at Indian Point were brought
about, for the most part, by a fundamental reordering of its debris removal
and fish recovery systems (as discussed in Section 1). Screen version 1 had
been designed with the intent of removing the captive fish before remov-
ing the captive debris (Figure 1); those removals are reversed in version 2
(Figure 2).

As a screen panel rises from the water on the upstream side of the
reconfigured machine, it passes first through a high-pressure debris spray
(JJ on Figure 2). The spray is prevented from blowing into the bottom
rail (the fish rail) of the panel by a deflector now affixed to the spray
side of each rail. If the deflector functions as intended, the spray jets
blow water through the mesh of the screen panel but leave the rail water
and captured fish undisturbed. From the testing evidence (page 30), the
deflectors function as intended. Fish damage was limited to descaling, most
of it minor, and at least some believed to be a consequence of handling.

We did not load 'the screen panels with debris during these tests, so
the sliding debris shield (L of Figure 2) was not tested. This shielding func-
tion will be critical during winter and spring months in the Hudson, owing
to the expected burdens of filamentous algae like those that prevented the
fish-conserving apparatus of screen version 1 from functioning as intended.
As reported in Section 4, the debris shield has not yet been tested on site,
since the field testing of screen version 2 was completed during months
when the winter algae were nearly absent from the river.

We discovered the need for rail shielding during the design and ex-
perimental phase of the flume work (December 1985-February 1986). We
loaded the screen panels of the replicate machine with a filamentous pond
alga by merely dumping it into the upstream end of the flume and running
the machine until the alga had travelled downstream and covered several
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panels. The pond alga, which was similar to the winter algae of the Hud-
son, at least in its physical nature, was stapled firmly into the screen mesh
by the force of the water flow and formed a cohesive matrix over each
screen panel like the matting observed during the winter testing of proto-
type version 1 at Indian Point (Con Ed 1985). As we learned from our
flume experiments, the high-pressure debris spray does not blow the sta-
pled algal matrix clear of We screen esh butp ee idownward instead,
-ai-tf e el ascends through the spry The lower panel rail (tVhefis1--•),
1if unprotected, receives the whole of the algal mat, which displaces therail
water. The captured fish, if not otherwise washed out of the rail, become
entangled in the algal mat, and the resulting mixture of fish and debris
is carried over the driver sprocket and dumped into the fish sluice at the
downstream side of the machine.

Both Mr. Gathright and I designed articulated debris shields, Gath-
right's a sliding device and mine a four-pin pivoting device. As Gathright's
device, although unrefined, seemed to fulfill its intended function, mine
was not constructed. The manufacturer adopted the Gathright design for
screen version 2; the device has since been revised owing to some mechan-
ical failings. Irrespective of the ultimate form of the front debris shield,
it must be reliable enough to withstand continuous operation during the
months of high algae intake at Indian Point.

Once through the high. pressure spray, the screen panel travels over
the driver sprocket of the machine and overturns. The captured fish are
then meant to slide or fall from the inverted rail to a fish sluice. During the
Con Ed field tests of screen version 1, some fish remained in the overturned
rails, apparently stuck fast to the metal surfaces of the rails. In our flume
tests of the repositioned fish spray (page 29), all test fish were freed from
the overturning rails. But during these tests we noted the interference
of a rear shielding device with the trajectories of fish as they fell from the
overturning screen panels. The manufacturer had substituted this shield (a
suspended, swinging device made of rigid PVC material) for the standard
flap seal of screen version 1 (G of Figure 1). We removed the shield for the
remainder of the above-water tests.

The fish released from the overturning rails are meant to fall directly
into the flowing water of the fish sluice. During the field tests of screen
version 1, lively fish were observed to spring away from the overturning
panels and sail completely over the fish sluice or strike its far side. For
screen version 2, the sluice was reshaped and widened. Our flume tests of
fish trajectories (page 30) showed the reconfigured sluice to be adequate
in width, at least for the species tested. None of the test fish trajectories
reached the far side of the sluice. Some fish fell between the screen and
the inner edge of the sluice, however, owing to the absence of the flap seal
(location GG of Figure 2). For the sake of clear filming of fish trajectories,
we ran 10 trials with the fish sprays off. With the sprays operating, fewer
fish fell between the screen and sluice, but a flap seal that does not project
into the paths of falling fish should be devised and tested.
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On the reconfiguration and empirical evaluation of a prototype screening device at Indian
Point unit 2.

SECTION 4.
Site tests, final testing program, Royce version 2.

The requirements of the testing program for Royce version 2 were given
in Fletcher (1986c); for convenience of reference the site testing portion
is outlined below. The Con Ed work scope for the testing program is re-
produced in Appendix C. The site tests were carried out over the period
August-October 1986 by Normandeau Associates, and Kenneth Marcellus
was senior project biologist for Consolidated Edison. I observed the site
testing routines at Indian Point on 26-27 August, 5 September, and 9-10
September. Some of those routines were recorded on video tape.

Outline of required tests, Indian Point test site
A. Above-water system

1. Contemporary observations, descriptive records and quantitative mea-
sures of events.

a. T'ransport of fish samples through high-pressure spraywash, with
and without debris loading of screen; samples introduced into fish
rails between water surface and debris wash; fractions lost and
fractions injured.

b. Recovery of samples at fish sluice, with and without debris load-
ing of screen; samples introduced (or tallied) at station between
debris wash and upper driver sprockets of machine; fractions lost
and fractions injured.

c. Examination and monitoring of items 1-4 under "Components
of special interest" [see pages 10-12, this report].

2. Report of results.
a. Register of experiments and experimental variables.
b. Sythesis of experimenters' descriptive observations.
c. Compilation of data from experiments, and calculations of ex-

pectations of success, items A.1.a and A.1.b.
B. Recovery of impounded fish, known samples

1. Documentation of capture probabilities and expectations of trauma.
a. Species: juvenile white perch and striped bass; other species of

convenience.
b. Sample sizes: release of marked (or entrapped) samples in fore-

bay, in sets of 100 or more; 2 or more replicates each species;
collection of recoveries at fish sluice on logarithmic time inter-
vals (see attachment); recovered fish examined irmnediately for
injuries (death, damaged integuments, bleeding, avulsions, and
abnormal swimming); fish not exhibiting observable trauma on
collection to be held 8 hours and examined for latent mortality.
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c. Environmental records: Intake water speeds; water tempera-
tures; time of day and tide on release of sample; cycling speed of
machine.

2. Report of results
a. Register of experiments and experimental variables.
b. Synthesis of experimenter's descriptive observations.
c. Compilation of data; calculations of capture expectations and

empirical probabilities of injury, each test species.
C. Opportunistic collections of impounded fish

1. Contemporary observations; descriptive records and quantitative mea-
sures of events.

a. Collection of impounded, indigenous species; counts and iden-
tifications on collection (same observational protocols as item
B.1.b).

2. Report of results.
a. Register of collections and experimental variables.
b. Compilation of data and observational results (rates of capture,

fractions injured).
D. Sampling intervals, recovery of marked (impounded) fish:

Because of the nonexistence of field data on capture expectations'for the
prototype machine (or any similar device), sampling intervals corresponding
to items B.1.b will have to be adjusted in the field on the basis of trial results.
The initial trial recommended here 136 hours, 12 samplesl is a best guess
from test flume experiments. In any case, calculate all sampling schedules
for recovery of marked (or impounded) releases by the following formulae
(which, on the expectation of random en'counter by freely swimming fish
and active capture by the fish rails, will reduce uncertainty in the estimates
of capture probabilities):

Duration of experiment: T
Number of observations: n

Sampling index: j 1,2,...,n
Sampling times: t3 = t 1 ,t 2 ,.. ., tn (tl = 0, tn = T)

Intervals: At,. = t+,L - ti
Scaling factor $ (resolved by iteration)

In general:

ln(t+8)

T =n -6,

The first collection (j = I at t1 = 0) after release of the sample should
be taken on the first appearance of any individuals from the sample, which
will depend on the (unknown) fishing success of the machine and its cycling

rate. Sampling intervals will depend on the rate of fishing.
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Above-water site teats.
Of the several modifications incorporated into the reconfigured machine,
the above-water site tests were meant to produce information, under oper-
ating conditions, on the adequaacies of the modifications that influence the
transport of captured fish from the upstream side of the machine to the
fish sluice at the downstream side. The purposes of the modifications are
described in items 1-4, pages 10-12 of Section 1, and the tests are similar
in their intents to the corresponding above-water flume tests reported in
Section 3. The site tests were supervised by James Reichle of Normandeau
Associates.

Passage of fiah rail through high-pressure debris spray.
These tests were conducted three times in August 1986 (two of which I
observed). The striped bass juveniles employed on one day were hatchery
fish; the remaining test species had been captured from the intake bay by
the machine itself. At the start of a trial, the fish sample was loaded into
a fish rail above the water surface on the upstream side of the machine.
The travelling screen was then activated until the loaded rail had passed
through the debris spray (JJ of Figure 2). The screen was halted, the spray
shut off, andthe rail examined for missing and injured fish.

Test date: 5 August 1986.
Spraywash pressure: 80 psi.
Screen travelling speed: 10 fpm.
River water temperature: 270C.
Conductivity of river water; 3200 pmho/cm.

Trial Tt I Mean Sample Escaped Damaged
No. species length also or mlssing

1 Tomcod 9 cm 20" 0 ., 0
2 Tomcod 17 0 0
3 Tomcod 14 0 0
4 Tomcod 12 0 0
5 Tomcod 11 0 0
6 Bay anchovy 8 cm 10 0 0
7 Bay anchovy 9 0 1 a
8 Bay anchovy 9 0 3a
9 White perch 7 cm 20 1 0
10 White perch 20 0 0
11 White perch 20 0 0
12 White perch 20 0 0
13 White perch 20 0 0
14 White perch 20 0 3 a
15 White perch 20 0 0
16 White perch 20 0 0
17 White perch 20 0 0
18 White perch 20 • 0 0
19 Amer. shad 11 cm 20 0 2&
20 Amer. shad 20 0 2 a
21 Amer. shad 20 0 6 a,b
22 Amer. shad 20 0 9__,b

382 1 26

a Stunned; b Missing scales.
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Test date: 26 August 1986.
Spraywash pressure: 90 psi.
Screen travelling speed: 11 fpm.
River water temperature: 27*q.
Conductivity of river water: 315 pmho/crn.

Trial Test Mean Sample Escaped Damaged
No. speciea length sixe or missing

I Striped bass 7.5 cm 20 0 0
2 Striped bass 20 0 0
S Striped bas 20 0 0
4 Striped bass 20 0 0
5 Striped bass 20 0 0
6 Striped bass 20 0 0
7 Striped bass 20 0 0

140 0 0

Test date: 27 August 1986.
Spraywash pressure: 85 psi.
Screen travelling speed: 11 fpm.
River water temperature: 25.5eC.
Conductivity of river water: 349 jumho/cm.

Trial Test Mean Sample Escaped Damaged
No. species length size or missing

I White perch T cm 20 0 4 a
2 White perch 20 0 0
3 White perch 20 2 1 a
4 White perch 20 0 1 a
5 White perch 20 0 0
6' White perch .18 1 2 a
7 White perch 20 2 1 a
8 White perch 20 1 0
9 White perch 20 0 " 1 a

178 6 10
a Stunned.

Recovery at fish sluice.
The following tests apply to the fish conserving apparatus at the back (the
downstream side) of the reconfigured machine, and they correspond to the
flume tests on the fish sprays, the flap seal, and the fish sluice reported
in Section 3. They were conducted concurrently with the three sets of
tests tabulated above. Following the transit of a loaded fish rail through
the high-pressure spray in many of those tests, the damaged fish would
be removed, the fish sprays turned on, and the screen activated. The
remainder of the fish then became the test sample for the apparatus tests
at the back side of the machine.

As we also observed in the Houston tests, the swinging shield (at
location GG) interfered with the trajectories of fish falling from the over-
turning screen' panels, so it was removed at the end of trial 13 on 5 August.
In the following tabulations, the numbers of test fish recovered from the
fish sluice and the numbers recovered from the auxiliary debris sluice are
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entered in the columns 'Fish sluice" and "Debris sluice." The observed
injured among the fish sluice recoveries are recorded in the last column.

Test date: 5 August 1986.
Pressure, outside fish spray: 5 psi.
Pressure, inside fish sprays: 8 psi.
Screen travelling speed: 10 fpm.
River water temperature: 270C.
Conductivity of river water: 3200 pmho/cm.

Trial Test Mean Sample Fish Debris Damaged,
No. species length sig sluice sluice fish sluice

1 Tomcod 9 cm 20 17 0 0
2 Tomcod 17 11 3 0
3 Tomcod 14 14 0 2 a
4 Tomcod 12 12 0 1 a
5 Tomcod 11 10 0 0
6 Tomcod 10 10 0 0
7 Bay anchovy 8 cm 10 9 0 0
8 Bay anchovy 9 9 0 3a
9 Bay anchovy 9 8 1 2 a
10 White perch 7cm 19 13 0 0
11 White parch 20 11 0 0
12 White perch 20 13 4 0
13 White perch 21 14 2 0
141 White perch 20 12 3 0
15 White perch 20 16 2 0
16 White perch 21 19 2 0
17 White perch 20 20 0 0
18 White parch 20 20 0 1 c
19 White perch 20 18 2 1 c
20 Amer. shad 11 cm 20 20 0 4 a,b
21 Amer. shad 20 19 0 4 a,b,
22 Amer. shad 20 20' 0 6 a,b
23 Amer. shad 20 17 .1 1 9 a,b
24 Amer. shad 20 16 3 0

413 348 23 33

*Rear shield removed. a Stunned; b Missing scales; c Dead.

Test date: 26 August 1986.
Pressure, outside fish spray: 4 psi.
Pressure, inside fish sprays: 4 psi.
Screen travelling speed: 11 fpm.
River water temperature: 26°C.
Conductivity of river water: 315 pmho/cm.

Tial Test Mean Sample Fish Debris Damaged,
No. species length eise sluice sluice lish sluice

I Striped bass 7.5 cm 20 20 0 0
2 Striped bass 20 20 0 0
3 Striped bass 21. 21 0. 0
4 Striped bass 20 20 0 0
5 Striped bass 20 20 0 0
6 Striped bass 19 19 0 0
7 Striped bass 20 20 0 0

140 140 0 0
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Test date: 27 August 1986.
Pressure, outside fish spray: 4 psi.
Pressure, inside fish sprays: 4 psi.
Screen travelling speed: 11 fpm.
River water temperature: 25.50C.
Conductivity of river water: 349 pmho/cm.

Trial Test Mean Sample Fish Debris Damaged,
No. species length size sluice sluice fish sluice

1 White perch 7 cm 17 17 0 0
2 White perch 20 20 0 .2 a
3 White perch 18 12 0 0
4 White perch 21 19 0 0
6 White perch 20 20 0 0
6 White perch 15 14 0 0

111 102 0 2
a Stunned.

Summary, above-water tests. The results of the above-water, site tests'
on the reconfigured machine (Royce version 2) were similar to the results
from the above-water flume tests in Houston. As in the Houston tests,
the rail deflectors protected the fish rails from disturbance by the high-
pressure debris spray, and few fish escaped the rails during their transit
through the spraywash. Of 700 fish in 38 trial passages through the debris
spray, 7 were lost (1% of the sample total). The seven lost fish apparently
escaped through the openings of the auxiliary screens, which are made
of perforated metal, but such losses are not so significant as to require a
material or fabricating change of inconvenience to the manufacturer. Other
apparatus, however, needs refining, some of which will require further study
and experimentation.

The sliding debris shield (L of Figure 2) couldnot be tested with the
troublesome alga species that created the debris problem during the winter
testing of Royce version 1, as that plant was absent from the indrawn river
water during the summer testing of version 2. Owing to some mechanical
failings, the shield, which the manufacturer views as a trial apparatus, is
being redesigned. When replaced, the shield should be tested for sustained
operation during times of heavy debris loading.

The relocated outside fish spray (EE of Figure 2) functioned as in-
tended; fish were consistently freed from the overturning fish rails, at least
while the spray jets were open and functioning. Clogging of all three fish
sprays (EE and FF of Figure 2) was a consistent problem during the site
tests-a problem that was attributed to the passage of river silt through
the spraywash pump.

Although the test machine is equipped with a clear Plexiglas housing,
accurate visual observations at the rear of the machine are not easily made
when the spray washes are operating. To the extent that observations
were possible, the trajectories of fish falling from the overturning screen
panels did not exceed the far edge of the widened fish trough, but as in
the Houston tests, falling fish struck the blade of the swinging sluice shield
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(location GG), so it was removed early in the testing. But with or without
the shield, some fish fell into the gap between the fish sluice and screen.

Although the reconfigured fish sluice is closer to the descending screen

panels than the version 1 sluice, enough of a clearance gap remains to
warrant the installation of a flap seal (or other device of similar function).

Of the 664 fish employed in the tests on the recovery apparatus at the
rear of the machine, 590 (89%) were recovered from the fish sluice. Of
the 11% missing from the fish sluice, 23 fish (3.5% of the samnle total)

were found in the auxiliary debris sluice (N of Figure 2). TheC2 s no
accounted for 1 of the sample total) might have fallen through the -' .. "

clearance gap. as well, but into the intake flow behind the screen. Of the
590 fish recovered from the fish sluice, 35 (6%) sustained obvious trauma

(descaling, impaired swimming). Thus the combined loss (morbidity plus
the missing) was 16.4% of the sample total, a reduction significant enough
to call for remedial study of the recovery process at the back side of the
machine.

Mark and recapture tests
These tests were meant to provide information on the recovery rates and

the risks of death or injury to fish captured and removed from the Indian

Point test bay by the reconfigured barrier screen. For each of the tests, a
fine-mesh fixed screen was emplaced at the entrance of the intake bay and
allowed to remain throughout the duration of a test. A diver on site kept
the screen free of debris the while. A known sample of fish was introduced

to the forebay, between the fixed screen and the operating test screen, and

captured fish of the sample were tallied at the fish sluice on the following
time scale, which was calculated from the formulations given on page 34.

The zero reference time t, corresponds to the appearance in the fish sluice

of the first recapture. The sample was released into the forebay at time to.

t 1 : 0 tr : 1.43hr
t2: 1.7 min ts : 2.75 hr

ts: 4.9min t9 : 5.25 hr

t 4 : 11min t 1o: lOhr
ts: 22.5min thl: 19hr
to: 44.6 min t1 2 : 36hr

Recovered fish were examined on collection for deaths and injuries, then
held in aquariums eight hours and monitored for apparent morbidity. The

t, to to collections were combined; the collections from tr to t 12 were held
in separate aquariums.

Six of these recapture tests were completed, two with striped bass and

four with white perch. I assisted in the first test on the 5th of September,
and I observed the tests of the 9th and 10th of September. Portions of the
testing routines were recorded on video tape.
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Recapture test 1.
Date at start: 5 September 1986.
Test species: Morone sazatitia (hatchery striped bass), 7.6 cm mean length.
Sample size: 250 fish.
Recoveries: 228 in 36 hours.
Water speed in forebay: 30 cm/sec.
Water temperature: 24-25°0.
Conductivity: 5900--6500 pmho/cm.
Screen travelling speed: 11 fpm.
Pressure, debris spray: 90 psi.
Pressure, outside fish spray: 4 psi.
Pressure, inside fish spray: 4 psi.
tj - to = 3 minutes.

tl t3 th t 4 t 5  t6  t7 ts to tio til t 12
Recoveries 10 26 28 12. 14 21 25 26* 3 38 15 13
Cumulative 10 38 62 74 88 109 134 159 162 200 215 228
Dead 1 8 1
Damaged .. I I
Dead, 8 hr 1

*Spraywashes Asut down 15 minutes during recovery.

See Figure 9 for graph of recoveries. During the 8-hour morbidity tests,
one additional fish died, for a total of 11 deaths and one observable injury
among the 228 recoveries.

Recapture test 2.
Date at start: 6 September 1986.
Test species: Morone americans (Hudson River white perch), 5.0-15.2 cm
Sample size: 67 fish.
Recoveries: 54 in 36 hours.
Water speed in forebay: 30 cm/sec.
Water temperature: 24-25*C.
Conductivity: 5900-6500 pmho/cm.
Screen travelling speed: 11 fpm. /
Pressure, debris spray: 90 psi.
Pressure, outside fish spray: 4 psi.
Pressure, inside fish spray: 4 psi.
t, - to = 6 minutes.

ti t2 t3 t4 t£ t6 t7 t£ tg t1 o t£l t12
Recoveries 5 19 16 3 2 0 0 1 0 2 3 3
Cumulative 5' 24 40 43 45 45 45 46 46 48 51 54
Dead 1 2
Damaged
Dead, 8 hr 1

See Figure 10 for graph of recoveries. During the 8-hour morbidity tests,
one fish died for a total of 4 deaths among the 54 recoveries. No observable
injuries reported.
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Recapture test 5.
Date at start: 9 September 1986.
Test species: Morone americana (Hudson River white perch), 5.0-15.2 cm
length range.
Sample size: 250 fish.
Recoveries: 225 in 36 hours.
Water speed in forebay: 30 cm/sec.
Water temperature: 24-250C.
Conductivity: 5900-6500 pmho/cm.
Screen travelling speed: 11 fpm.
Pressure, debris spray: 90 psi.
Pressure, outside fish spray: 4 psi.
Pressure, inside fish spray: 4 psi.
t, - to = 3 minutes.

h t2 t3 t4 ts te t 7  t8  to tio ti 1  t 12

Recoveries 5 100 29 10 8 19 12 16 1 25 0 0
Cumulative 5 105 134 144 152 171 183 199 200 225 225 225
Dead 1
Damaged 3 1
Dead, 8 hr I

During the 8-hour morbidity tests, one of the injured died for a total of
two deaths and three injuries among the 225 recoveries.

Recapture test 6.
Date at start: 10 September 1986.
Test species: Morone americana (Hudson River white perch), 5.0-15.2 cm
length range.
Sample size: 250 fish.
Recoveries: 222 in 36 hours.
Water speed in forebay: 30 cm/sec.
Water temperature: 24-25' C.
Conductivity: 5900-6500 pmho/cm.
Screen travelling speed: 11 fpm.
Pressure, debris spray: 90 psi.
Pressure, outside fish spray: 4 psi.
Pressure, inside fish spray: 4 psi.
t, - to= 5 minutes.

t1i t 2  t3 t 4  t 6  tO t7 ts t9 t 1 o t 1l t 12

Recoveries 11 48 67 21 6 1 13 8 4 23 14 6
Cumulative 11 59 126 147 153 154 '-167 175 179 202 216 222
Dead
Damaged

During the 8-hour morbidity tests, no fish died and none exhibited trauma
symptoms, for a total of zero deaths and zero observable injuries
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The recovery data of experiment 1 are plotted on the graphs of Fig-
ure 9 (page 44). The hypothesis of random encounter is supported by the
regression of cumulative recoveries R against the sampling indices j (on the
log transformed time scale). Apparently then, the test fish were actively
captured by the reconfigured. screen rails, few being impinged beforehand.
As previously shown by the Houston flume tests, the juvenile striped bass,
of the size employed in the recapture experiments, were capable of sus-
tained swimming at the 30 *cm/sec water speed in the forebay. Of the 250
released fish, 228 (or 91%) were recaptured during the 365-hour experiment.
The debris sluice -was not examined for recoveries, but on the strength of
the above-water tests with striped bass (pp 36-37), I discounted any loss
to the debris sluice in the calculations of mean residence time and pro-
jected sample recovery. The observed deaths and injuries (together with
the anomaly at ts) were too few for constructing a reliable distribution, but
the empirical probability of death or injury to a sample member captured
by the machine and recovered from the fish sluice was .052. In experi-
ment 3,,with similar experimental variables, the empirical probability of
death or injury to a recovered sample member was .027.

The results from experiment 3 also support the hypothesis of random
encounter and active capture of freely swimming fish (see Figure 11, page
45). But unlike the two experiments with striped bass, the recapture results
from the white perch experiments signify instead a high impingement rate
and rapid recovery (at least in the case of the smaller fish of the sample),
similar to the results from the Houston flume tests. Figure 10 illustrates the
recovery rate over the first 45 minutes of experiment 2, a pattern exhibited
by the recovery data from all the white perch experiments. The released
sample of experiment 2 contained a mixture of fish lengths ranging from
5 to 15.2. cm (as did all tour releases of white perch). Of the 45 fish
recaptured in 36 hours, 83% (or 67% of the total s'ample) were recovered
in 22.,5 minutes (by j = 5), including 100% of the recaptures less than. 8
cm length.

The high rates of return during the first few minutes of the white
perch experiments were a consequence of impingement-of fish unable to
swim (or swim very long) at speeds equal to'the water speeds at the face of
the barrier screen (which are 'somewhat greater than the mean upstream
water speed owing to the accelerated flow geometry at the screen pan-
els). The longer residence times of the larger white perch signify either
impingement from progressive exhaustion or random encounter by actively
swimming fish (as in the case of the striped bass). The data are not suf-
ficiently detailed for making the distinction. In all four experiments with
white perch, however, mean residence times were less than 30 minutes for
those portions of the released samples recovered in 36 hours (80% in exper-
iment 2, 83% in experiment 4, 90% in experiment 5, and 89% in experiment
6). Numbers lost to the debris sluice were not reported, but of the fish re-
covered from the fish sluice, the empirical probability of death or injury to
a sample member in the white perch experiments was .019.
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Figure 9. Top: Recapture experiment 1 (5 September 1986), hatchery striped bass.
Numbers recovered from fish sluice over sampling intervals j (on logarithmic time scale).
Sample isze 250 fish in forebmy; intake flow speed 30 cm/s; duration of experiment 36
hours& Estimated time of total sample recapture 74 hours (projected from regression).
Bottom: Regiession line of top graph transformed from logarithmic to linear time scale.
Mean entrapment time 4 hours (calculated from regression with 74 hours as time of
total sample recapture).
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Figure 10. Recapture experiment 2 (6 September 1986), Hudson River white 'perch.
Recoveries 1-8,first 45 minutes of experiment. Sample size 67 fish in forebay; intake flow

speed 30 cm/sec. At j 6 (22.6 minutes), 67% of original sample had been recovered.
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Figure 11. Recapture experiment 3(T September 1986), hatchery striped bass. Cumu-
lative recoveries from fish sluice on sampling intervals j (logarithmic time scale). Sample
size 250 fish in forebay; intake flow speed 30 cm/eec; duration of experiment 36 hours.
Estimated time of total sample recapture 60 hours. Mean entrapment time of 3.2 hours
calculated from regression with 60Whours as time of total sample recapture.
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Opportunistic fish and debris collections
Following the mark and recapture experiments, the fixed screen was re-
moved; the reconfigured machine and the circulating pump of the test bay
were allowed to operate for extended periods in the manner required for
maximum intake of cooling water. As specified in item C of the outline
of required site tests (page 34), periodic collections of captured indigenous
fish were taken from the sluices and tallied. The collected fish were ex-
amined for deaths and observable injuries, then held in aquariums (or the
collection tanks) 8 hours and monitored for apparent morbidity. Captured
debris was also collected, classified, and separately measured (by volume)
at the fish sluice and the two debris sluices.

Fish collections
Over the period 16 September to 24 October 1986, 146 two-hour collections
were taken and the surviving fish held for the 8-hour morbidity tests. In
some cases, when all the available aquariums were occupied, a two-hour
collection would be held in the collection tank for the eight-hour morbidity
test. Fish collected and held in this manner were examined for deaths and
injuries after eight hours, but not on initial recovery. Also, 29 collections
were taken that ranged from six to 29 hours duration. Fish from these
extended collections were examined for deaths and apparent trauma, but
were not held for the additional eight hours of observation. In the 175
collections, a total of 8882 fish were recovered and 34 species identified (as
tabulated below). For the more numerous of these, I have summarized the
collection data on the tables that follow.

Bay anchovy
American shad
Bluegill
Pumpkinseed
Hogchoker
Largemouth basa
Blueback herring
Rainbow smelt
Striped basn
White catfish
Yellow perch
Lookdown
Atlantic needlefish
Weakfish
Butterfish
Rough silverside
Naked goby

1060
169
192
212

3543
1

277
4

86
26

1
7
1

467

1
13

Alewife
Bluefish
Brown bullhead
American eel
Banded killifiskh
Atlantic menhaden
Atlantic silverside
Spottall shiner
Atlantic tomcod
White perch
Northern pipefish
Redbreast sunfish
Crevalle jack
Clupeid sp
Centrachid sp
Summer flounder
Grey snapper

72
16
6

65
134

24
3
2

603
1806

4
4
6
1

39
29

1

Bay anchovy ( 10 6 0C collected)
On collection After 8 hours

Two-hour collections Normal Damaged Dead Normal Damaged Dead Dead & Inj.
Fish sluices 60 8 12 41 12 27 49%
Fish sluice' 42 13 12 37%
Rear debris sluice 3 3

Extended collections
Fish sluices 723 24 147 19%
Rear debris sluice' 6 1 8 60%

*One bay anchovy recovered from front debris sluice..
'Held in aquariums. 2Held in collection tanks. .Recovered from collection tanks.
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Alewife (72" collected)
On collection After 8 hours

Two-hour collections Normal Damaged Dead Normal Damaged Dead Dead & lnj.
Fish sluice& 4 3 10 3 1 13 \ 82%

Extended collections
Fish sluice' 24 3 27 55%

'One alewife recovered from front debris sluice.
'Held in aquariums. 'Recovered from collection tank.

American @had (169 collected)
On collection After 8 hours

Two-hour collections Normal Damaged Dead Normal Damaged Dead Dead & Inj.
Fish sluice' 10 9" 9 9 3 16 68%
Fish sluiceS 18 2 9 38%
Rear debris sluice 2 2

Extended collections
Fish sluice' 83 2 25 25%

"Held In aquariums. '2Held In collection tanks. 'Recovered from collection tanks.

Bluegill (192 collected)
On collection After 8 hours

Two-hour collections Normal Damaged Dead Normal Damaged Dead Dead & Inj.
Fish sluice' 119 0 0 119 0 0 0%
Fish sluice' 15 0 1 6%

Extended collections
Fish sluices 66 0 1 2%

'Held In aquariums. 'Held in collection tanks. 'Recovered from collection tanks.

Pumpkinseed (212' collected) I
On collection After 8 hours

Two-hour collections Normal Damaged Dead Normal Damaged Dead Dead-& Il
Fish sluice' 40 2. 0 39 3 0 7%
Fish sluice2 29 0 2 6%
Rear debris sluice' I . 1

Extended collections
Fish sluice$ 127 3 6 7%
Rear debris sluice* 1

*One pumpkinseed recovered from front debris sluice.
'Held in aquariums. 'Held In collection tanks. 3Recovered from collection tanks.

ni.

American eel (66 collected)
On collection After 8 hours

Two-hour collections Normal Damaged Dead Normal Damaged Dead Dead & lni.
Fish sluice' 16 8 0 15 7 2 38%
Fish sluice' 9 1 2 25%

Extended collections
Fish sluice3  23 0 6 21%

'Held in aquariums. 'Held in collection tanks. 3Recovered from collection tanks.

Hogchoker (35430 collected)
On collection After 8 hours

Two-hour collections Normal Damaged Dead Normal Damaged Dead Dead & I
Fish sluice' 486 1 4 486 0 5 1%
Fish sluice2 561 2 13 2%
Rear debris sluice" 46 0 1 45 1 2 2%
Rear debris sluice' 101 2 7 8%

Extended collections
Fish sluice& 2094 1 407 2%
Rear debris sluice' 176 0 4 2%

*13 hogchokers recovered from front debris sluice.
'Held in aquariums. 'Held In collection tanks. "Recovered from collection tanks.

ni.
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Banded dUhif1sh (134 collected)
On collection After 8 hours

Two-hour collections Normal Damaged Dead Normal Damaged Dead Dead & lnj.
Fish sluice, 76 0 0 74 0 1 1%
Fish sluice'. 14 1 0 7%
Rear debris sluices 2

Extended collections
Fish sluices 42 0 0 0%

'Held in aquariums. 'Held in collection tanks. "Recovered from collection tanks.

Bluebac~k herring (277 collected)
On collection After 8 hours

Two-hour collections Normal Damaged Dead Normal Damaged Dead Dead.& Inj.
Fish sluice' 24 7 3 16 5 13 53%Fish sluice.. 72 0 25 19%

Extended collecWtons
Fish sluices 118 3 25 19%

'Held In aquariums. 'Held In collection tanks. 'Recovered from collection tanks.

Striped bass (86 collected)
On collection After 8 hours

Two-hour collections Normal Damaged Dead Normal Damaged Dead
Fish sluice, 7 0 0 7 0 0
Fish sluices 11 1 0

Extended collections
Fish sluice* 60 2 5

Dead & Inj.
0%

1o%

'Held in aquariums. "Held in collection tanks. 'Recovered from collection tanks.

Atlantic toincod (603 collected)
On collection

Two-hour collections Normal Damaged Dead
Fish sluice, 52 21 1
Fish sluice•

Extended collections
Fish sluices 410 8 65
Rear debris sluices 1 0 1

'Held in aquariums. 2Held in collection tanks.

After 8 hours
Normal Damaged Dead

51 21 2.
36 3 5

Dead & Inj.
31%
18%

15%

'Recovered from collection tanks.

White perch (1806" col

Two-hour collections
Fish sluice1

Fish sluices
Rear debris sluice'
Rear debris sluice'

Extended collections
Fish sluices
Rear debris sluices

No
4

llected)
On collection After 8 hours

irmal Damaged Dead Normal Damaged Dead
186 18 15 476 7 36

276 11 24
6 1 0 6 1 0

8 2 0

Dead & Inj.
8%
11%
14%
20%

787
5

35 132 18%

*One white perch recovered from front debris sluice.
'Held in aquariums. 'Held in collection tanks. SRecovered from collection tanks.

Weakfish (467 collected)
On collection After 8 hours

Two-hour collections Normal Damaged Dead Normal Damaged Dead Dead &
Fish sluice, 19 2 0 14 3 7 33%
Fish sluices 21 0 7 25%
Rear debris sluice 1 I

Extended collections
Fish sluice' 368 7 25 8%
Rear debris sluice" 11 3 3 35%

'Held in aquariums. 'Held in collection tanks. "Recovered from collection tanks.

Ini.
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Debris collections
During the 146 two-hour collections and the 29 extended collections, 1594
gallons of debris were recovered, of which 27% was collected from the fish
sluice, 26% from the front debris sluice, and 47% from the rear debris
sluice. The debris consisted of eel grass, accompanied from time to time
by a small quantity of tree leaves. Unlike the fine alga species collected
during the winter tests on Royce version 1, the eel grass does not staple
firmly into the screen mesh, and much of it falls into the fish rails as the
screen panels ascend through the water surface.

As indicated by the distribution of collected debris, the eel grass
blown from the screen mesh and into the front debris sluice(KK) by the
primary debris spray amounted to only 26% of the quantity captured by
the ascending screen; the remainder was carried over the driver sprockets
by the fish rails and dumped onto the overturning screen panels, about one-
third of it sliding into the fish sluice and the rest falling into the rear debris
sluice (N) as the panels descended through the auxiliary debris spray (M).
Despite the large proportion that reached the back side of the machine, the
-eel grass did not entangle the fish into an inseparable matrix of debris, as
did the filamentous winter algae. The numbers of fish collected from the
rear debris sluice, when compared with the above-water tests in the absense
of debris, do not indicate that fish were carried past the fish sluice with
greater likelihood in the presence of the eel, grass, nor is there evidence
to suppose that the accumulation of eel grass in the fish rails increased
mortality to any significance.

Summary of the fish recovery tests. As in the the Houston flume ex-
periments with golden shiners and white perch, the mark and recapture
experiments with white perch show that juveniles of some species are im-r

pinged (flattened against the screen mesh) at a high rate when the water
velocity is (about) 30 cm/sec, the speed of the intake flow at the higher of
the two pumping rates at Indian Point. The recapture experiments with
white perch also support our findings from the flume experiments that im-
pingement itself, unless of extended duration, is not the proximate agency
of high mortality it was thought to be, even in the case of fishes easily
descaled. The captured fish are harmed more by the knocking about im-
posed on them after their entry into the fish rails. Those risks have been
reduced by some of the innovations now incorporated into the reconfigured
machine. 11

The mark and recapture experiments with striped bass are represen-
tative of fish capable of swimming against the flow for extended periods.
In the flume experiments with Striped bass of the size employed in the
site experiments, the fish persistently maintained station upstream of the
screen (see page 27). and were not readily impinged at flow velocities ex-
ceeding 45 cm/sec. Therefore, the hypothesis of random encounter and
active capture by the reconfigured fish rails (principally by the auxiliary
rail screens) is supported by the results from the recapture experiments.
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The fish exhibiting the highest proportions of deaths and injuries in
the op -Ae-i -o werne- b•-anchovey, le-wif_•n•shad.
blue bak hernn • t-atc men a andAmerican eel, all of which, ex-
cepting the eels, are tender species easily descaled. At least some of the
observed trauma can be attributed &2 hanlin . As the data show, fish of
these species that were transferred to aquariums suffered higher propor-
tions of death and inur m-orbidity tests than those heldinhe collection tanks. Striped bass mortalities were low but only 86 were

coTlected), and white perch mortalities were lower than expected.
Recoveries of fish from the front debris sluice were rare, but the re-

coveries from the rear debris sluice were sufficiently great, for some species,
to substantiate the finding from the above-water testing that certain re-
medial work is needed on the recovery apparatus at the back side of the
machine. The capturing of eel grass by the fish rails did not appear to
hinder the separation and recovery of captured fish, but the reconfigured
debris removal system was not really tested, since the filamentous winter
algae that brought about the need for reconfiguration in the first place were
not present in the river during any of the tests on the version 2 screen.

In conclusion, you are reminded that none of the experimentation or
testing was directed to an examination of any fish conservation apparatus
beyond the confines of the single barrier device. No investigative work
has yet been done by me or by Consolidated Edison on the mechanism for
returning fish to the source waters. As currently intended by both Consol-
idated Edison and the Power Authority, a common fish sluice, extending
the entire width of the combined intake bays, will serve all six screens (plus
the screens of the service water bay, apparently). The sluice, pitched at a
slight angle from the horizontal, will feed its accumulated water, fish, and
debris into a single pipe for the return of those contents to the river.

At least two sources of potential malfunctioning come immediately to
mind-one the eel grass loading in summer and the other the icing of the
sluice and flash freezing of fish in the winter. The combined amounts of eel
grass dumped into the fish sluice by each of the screens might easily exceed
the flushing capabilities of the sluice, and, during winter, ice will probably
form in the sluice, at least at the channel boundaries. Several solutions
also come to mind, should those problems be serious enough to impair the
return of fish, but I suggest that a demonstration sluice be constructed
and the problems evaluated first, before the permanent sluices and their
accompanying apparatus are installed.
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Oil the reconfiguration and empirical evaluation of prototype screening device at Indian

Point unit 2.

SECTION 6.
Fish conservation, Royce versions 1 and 2 compared.

From the results of Consolidated Edison's testing of Royce version 1, from
casual observations during that testing, and from the experimen tal work in
the Houston flume, several sources of fish mortality were identified, which
led ultimately to the alterations now part of the reconfigured machine. The
experiments described in Sections 3 and 4 of this report were intended to
provide enough empirical information for making a reliable assessment of
the likely reductions in fish kills attributable to the reconfiguring of the
machine, as compared to the first version.

Reliability suffers somewhat here from dissimilarity in experimental
variables. The two machines were tested during unlike seasons of the year;
the low temperature of the river during the winter testing of version I
probably increased trauma to some of the sampled species. Because of the
difference in seasons, the species compositions of the collections differed
considerably, and the captured algae were altogether dissimilar (most par-
ticularly in those physical characteristics important to the workings of the
fish conserving apparatus). Given the extent of the field sampling and the
flume experiments, however, I believe a reasonable assessment of the im-
provements in fish recovery can be extracted from the data, although a
similar assessment of the reconfigured debris removal system, to the extent
that it influences fish conservation, must be deferredtto a time when testing
with the winter alga species is undertaken.

During the winter testing by Consolidated Edison on Royce version 1)
the experimenters collected 45,608 fish in their samplings of the fish and
debris sluices. Of 36 identified species, 20 also appeared in the sa mpled
recoveries from Royce version 2. Discounting those species where only one
of a kind appeared in the collections reduces the shared species to 15, which
are identified by the following table. The numbers of each species collected

from the version 1 machine appear in b olumn v1 and the numbers from
version 2 in column v2. The percentages signify the proportions out of total
fish collected (45,608 in the sampling of version 1, and 8,882 in the sampling
of version 2); an omission signifies a proportion less than 1%.

V1 v2 V1 v2
Alewife 117 72 bluegill 9 192 (2%)
Brown bullhead i a Pumpkineeed 144 121 1.45 )
American eel 131 6t Hogchoeuer 198 3,543 (40%)
Banded killifish 61 134m(1.5%) Blrinback herring 29 277 (3%)
Rainbownsmelt 373 . 4 Spottale shiner 217 2
Striped basns 5,548 (12%) 86 (1%) Atlantic tomcod 413 (1%) 603 (7%)
White catfish ,443 (1%) 25 White perch 37,536 (82%) 1,808 (20%)
Northern papefish 4 4
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From the 36 species collected during the winter testing of Royce ver-
sion 1, the experimenters selected the ten most abundantly represented for
their "latent survival" tests. Eight of those ten are among the species ap-
pearing on the preceding table (no red hake or tesselated darter were found
during the summer sampling of version 2). Of those eight shared species,
two species from the version 2 testing were collected in numbers insufficient
for mortality comparisons (rainbow smelt and spottail shiner). The deaths
and injuries accrued to the remaining six species are given by the follow-
ing table. The information on the version 1 survival testing is taken from
Con Ed (1985). Apparently, the numbers of fish tested were subsamples
of the version 1 collections; totals collected are given by the table on page
51. The quantities listed for version 2 on the following table are taken from
the data of the opportunistic collections, two-hour and extended collections
combined (see page 46 for clarification).

Royce version 1 Royce version 2
Tested Desd&Inj. Tested Dead&lnj.

Alewife
Fish sluice 22 98% 71 62%
Debris sluices 3 100% 0

Atlantic toracod
Fish sluice 32 75% 601 32%
Debris sluices 8 76% 2 50%

Pumpklnseed
Fish sluice 17 46% 192 1%
Debris sluices 0 0

Striped bass
Fish sluice 860 48% 86 9%
Debris sluices 264 70% 0

White catfish
Fish sluice 85 39% 25 40%
Debris sluices 25 44% 0

White perch
Fish sluice 4227 58% 1784 14%
Debris sluices 2051 77% 23 1%

The large numbers of fish recovered from the debris sluice during the testing
of the version 1 machine are attributabie to the entanglement of fish in
the filamentous alga that was'captured in such large quantities during the
winter. Of the total numbers of fish collected during the winter tests, 31%
were recovered from the debris sluice (as opposed to 4% during the testing
of the version 2 machine). The actual proportion was probably greater than
31%, owing to the difficulties in searching through the winter debris, which
formed a nearly inseparable mass of fish and algae when recovered.

The winter alga problem is also reflected in the high mortalities ob-
served during the version 1 tests. Of the white perch collected, for example,
32% were recovered from the debris; of the striped bass, 23% from the de-
bris; of the rainbow smelt, 44%, and so on. Therefore, when the mortalities
of the fish sluice and debris sluice collections are combined, the importance
of the alterations to the above-water portions of the machine becomes more
obvious. The combined recoveries and observed mortalities for three species
are given on the following table.
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Royce version 1 Royce version 2
Tested Deed&Inj. Tested Dead&lnj.

Atlantic tomeod
Collections combined 40 76% 603 32%

Stuiped Uase
Collections combined 1124 5 63% 86 9%

Wizite perch
Collections combined 6278 64% 1807 14%

Whether or not the fish conserving apparatus of the reconfigured machine
will continue to operate as sucessfully during times of heavy loading with
winter algae remains to be proven.

While the reordering of the fish and debris removal system was brought
about by addressing the major problem identified during the winter testing
of Royce version 1, other innovations now incorporated into Royce version 2
contributed to the observed reductions in fish mortalities. The flume work,
the mark and recapture experiments, and the above-water tests all give
evidence of improvements in fish capture and in lessened battering of fish
after capture. I also believe that further reductions in fish kills are possible.

Although the altered profile of the fish rails has reduced the (under-
water) buffeting of captured fish, a profile can probably be developed that
would eliminate the trough vortices altogether. The sliding shield (L) at the
location of the debris spray might perform as intended when tested with the
winter alga, but the shielding problem at the fish trough (at location GG)
has yet to be resolved. As observed during both the flume tests and the
site tests on the reconfigured machine, fish still occasionally fall between
the screen and the inner edge of the fish trough. The swinging apparatus
provided by the manufacturer, in its current configuration, interferes with
the free fall of fish to the fish sluice. The original flap seal design of Royce
version 1 might yet prove adequate, should the reconfigured debris removal
system operate as intended. In any case, these shielding problems cannot
be resolved without further experimentation during times when the intake
of filamentous algae is similar to the loadings observed during the testing
of Royce version 1.
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APPENDIX A
Data register, flume experiments and tests.

The documents of the following inventory are stored at the Great Salt Bay
Experimental Station, Damariscotta, Maine.

F1im dociuments

Title: Flume experiments, Indian Point replicate machine, Feb-March 1986.
Medium: VHS video tape.
Contents: Fluid dynamics of rail and screen sections. Dye releases, orbiting
of captive fish in standard rails. Auxiliary rail screens. Flow profiles of
Royce panel, Envirex panel, channel, and streamlined rails. Flow trajec-
tories with fish, Gathright's elevated rail section. Fish response, with and
without auxiliary rail screen. Underwater debris loading of panels and rails.

Title: Flow profiles 1, Royce standard panel section, Feb 1986.
Medium: 35mm B&W film.
Contents: Dye marked streamlines of flow, 30 cm/sec, 20 frames.

Title: Flow profiles 2, Royce standard panel section, Feb 1986.
Medium: 35mm B&W film.
Contents: Dye marked streamlines of flow, 45 cm/s, 21 frames.

Title: Flow profiles 1, Ristroph panel (Rexnord), Feb 1986.
Medium: 35mm B&W film.
Contents: Dye marked streamlines of flow, 30 cm/s, 20 frames.

Title: Flow profiles 2, Ristroph panel (Rexnord), Feb 1986.
Medium: 35mm B&W film.
Contents: Dye marked streamlines of flow, 45 cm/s, 22 frames.

Title: Testing program, flume tests, 16-48 July 1956.
Medium: VHS video tape.
Contents: Underwater portion of flume testing program with golden shin-
ers. Fish capture and behavior at 30 cm/sec and 45 cm/sec. Above-water
portion of testing program with golden shiners. Trajectories of falling fish.

Title: Testing program, flume tests, 12-15 August 1986
Medium: VHS video tape.
Contents: Underwater portion of testing program with white perch and
striped bass. Fish capture and behavior at 30 cm/sec and 45 cm/sec.

Paper documents

Title: Flume tests, 16-18 July, 25 July, 12-15 August 1986.
'Contents: Laboratory notes and records, fish capture tests and above-water
tests, 17 pages.

Title: Flume tests, data, 17-18 July, 13-15 August 1986.
Contents: Extraction of data from video tapes; fish capture and behavior,
10 experiments with shiners, 8 experiments with white perch, 8 experiments
with striped bass, 5 pages.
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APPENDIX B
Data registers site tests of Royce version 2

The documents of the following inventory are stored at the Great Salt Bay
Experimental Station, Damariscotta, Maine.

Film documents

Title: Indian Point field tests, Royce version 2
Medium: VHS video tape.
Contents: Views of working machine and fish sampling gear; experimental
routines.

Paper documents

Title: Site tests,' 5 August, 26-27 August 1986.
Contents: Copies of field data records, above-water tests; 75 experiments,
21 pages.

Title: Mark and recapture tests, 5-10 September 1986.
Contents: Copies of field data records, six experiments, 48 pages.

Title: Opportunistic collections 16 Sept-24 Oct 1986.
Contents: Copies of field data records, fish collections and mortalities; 175
experiments, 244 pages.

Title: Debris collections, 16 Sept-24 Oct 1986.
Contents: Compilation of data records, 175 collections, 5 pages.
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APPENDIX C

Consolidated Edison work scope for site tests of Royce version 2.

The contents of this appendix were furnished by Consolidated Edison as
the scope of work issued to Normandeau Associates, Inc., contractor for the
field testing of Royce version 2.

. . .. ,,9
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Representative Scope of Work for,
Evaluation of Modified Ristroph-Type

Traveling Water Screen at
Indian Point Unit 2 Intake Bay 26

1986

Background

In May, 1986 Royce Equipment company installed five modifications
to the Ristroph screen at Indian, Point Unit 2. These included
1.) a reordering of low pressure and high pressure wash systems
to remove debris: before fish are removed to alleviate their
potential for entanglement with debris during the transfer to the
fish sluice; 2.) an improved low pressure spray wash system to
more efficiently wash screen basket troughs to enhance the
transfer of fish to the fish sluice; 3.) a 3-foot wide
flat-bottomed fish sluice with a diffused supplemental wash
system so that fish being transferred from the screen would fall
into the return water (As originally designed, the test screen
was outfitted with an 18" wide round-bottomed fish sluice, and
fish often struck the sides of-this sluice.); 4) a modified flap
seal to close the gap between the descending screen baskets and
the return sluice. (Note: With'the installation of a wider fish
sluice, placed closer to. the descending screen baskets than was
the original sluice, the need for the modified seal is less
certain.); and 5.) a modification consisting of an extension to
the front edge of the fish trough on each screen basket to
alleviate water flow conditions 'within, the trough potentially
adverse to fish and to enhance the ability of the screen to
collect fish before they become exhausted.

.4

Tests of these new-components, individually and together, are to
be conducted to determine the rates of loss, damage, and mortali-
ty they impose on fish collected by the machine. Four species of
fish including striped bass, white perch, bay anchovy and Atlan-
tic tomcod are to be evaluated under various operating conditions
including with and without debris loads on the Ristroph screen
mesh. Test fish inserted into the screen basket troughs, entrap-
ped in the intake forebay, and collected, opportunistically are to
be examined for initial and latent (8 hour) damage and mortality.
Testing will be conducted in part under the supervision of Dr.
Ian Fletcher, technical consultant to the Hudson River Fisher-
men's Association. Data will be provided to Dr.' Fletcher for
analysis and interpretation in concert with tests he will conduct
on a test screen at Royce's facilities in Houston.

Objective I: Provide the comprehensive management required
to ensure that all tests are carried, out as
directed.

Task 1: Provide all personnel, equipment, materials -and
supplies required to carry out the work described. ~~herein.•.;



Task 2: Design, fabricate, and utilize as necessary the
following devices.

a. A collection device by which fish can be
.quickly (within a few seconds) removed from
the fish sluice for examination and placement
into latent mortality evaluation tanks.

b. A device by which fish washed from the screen
by the front mounted high pressure wash
system can be collected from the associated
debris sluice.

C. A device by which fish washed from the screen
by the rear high pressure wash system can be
collected.

d. Latent mortality evaluation tanks and asso-
ciated water systems for use near the
Ristroph screen or in the Fish Laboratory at
the Unit 1 intake.

e. A device by which fish may be introduced into
intake forebay 26 while the fixed screen at
the entrance to the bay remains down. (The
fish should be placed as'close as possible to
the fixed screen.)

f. A device by which fish can be placed in the
fish troughs on screen baskets at a point
below the front mounted high pressure spray
wash system.

Objective II: Collect, maintain and provide test fish for Ris-
troph screen studies at Indian Point and Houston,
Texas.

Task 1: Collect .and maintain in a healthy condition at the
Indian Point Station bay anchovy, juvenile striped
bass, white perch and Atlantic tomcod in suffi-
cient numbers to conduct the specified tests.
Approximately 2000 individuals of each species may
be required. These fish may be collected from the
Ristroph screen, or as necessary, by haul seining.

Task 2: At the request of Con Edison, ship live juvenile*
striped bass and white perch with
appropriate governmental approvals to Houston,
Texas for use by Dr. Ian Fletcher. (Note:
multiple shipments may be required depending
upon the capacity of holding tanks at Royce's
facilities in Houston, to be provided by
Dr. Fletcher.)
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Determine the extent of damage and mortality that
occurs to fish encountering the the Ristroph
screen.

Objective III:

Task 1: Coordinate as necessary to ensure that a
operator will be available on test days.

screen

Task 2: Determine the extent of damage and immediate
mortality of bay anchovy, juvenile striped
bass, white perch, and Atlantic tomcod following.
passage through the front mounted high pressure
spray wash system.

Subtask 2.1: Place 20 live fish of a given species
within a screen trough on the front
(river) side of the machine below the high

• •pressure 'spray wash, and have the screen
• •basket rotated through the high pressure

wash.

Subtask 2.2:

Subtask 2.3:

Subtask 2.4:

Subtask 2.5:

Observe the fish in the screen trough
following passage through the high pres-
sure wash to determine a) the number of
individuals that are missing, b) the
number that are dead, and c) the number
that display signs of damage including,
but not limited to, erratic swimming,
cuts, bruises, or substantial descaling.
(Record the frequency with which each
type of damage is noted).

Record qualitatively the amount of debris
removed from the screen mesh and transfer-
red to: a) the front debris sluice, and b)
the fish trough.

Record the screen rotation speed, the
pressure at which the high pressure wash
is being-operated, the water temperature
and salinity.

Repeat subtasks 2.1, to 2.4 five times for
each species.

Task 3: Determine the extent of damage and immediate
mortality of bay anchovy, juvenile striped bass,
white perch and Atlantic tomcod following passage
through the low pressure wash and the fish return
sluice with the flap seal in. operation and with it
out of service.

Subtask 3.1,: Place'20 fish of a given species within a
screen trough on the front side of the

.i.-,machine above the high pressure wash.
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Subtask 3.

Subtask 3.

Subtask 3.

Subtask 3.

Flush all fish from the fish and debris
sluices on the rear side of the screen,
and then have the screen basket rotated
through the low and high pressure washes
on the rear side of the machine.

2: Collect fish from the fish sluice and the
debris sluice on the rear side of the
screen and determine for each sluice: a)
the number recaptured, b) the number dead
and, c), the number displaying signs of
damage. (Record the frequency at which
each type of damage is noted.

3: Record qualitatively the amount of
debris transferred to: a) the fish sluice,
and b) rear debris sluice.

4: Record the screen rotation speed, the
pressure at which the low and high pres-
sure washes are being operated, the water
temperature and the salinity.

5: Repeat subtasks 3.1 to 3.4 five times for
each species for each test condition.

Task 4: Determine the collection rate of dead fish placed
in the, fish trough of screen baskets with the rear
flap seal in operation and out of service.

Subtask 4.1: Place 20 each of dead bay anchovy, striped
bass and white perch In a screen trough
following its passage through the front
mounted high pressure wash, and record the
number of each species collected in the
fish return sluice and the debris sluice,
and the pressures at which the low pres-
sure wash and the high pressure wash are
being operated. Repeat this test 5 times
for each species for each test condition.

Qyvjective IV: Determine the collection rate, damage and
mortality experienced by striped bass, white perch
and Atlantic tomcod placed in the intake forebay
and subsequently collected in the fish and debris
return sluices of the Ristroph screen system.

Task 1: Coordinate to assure that the fixed fine mesh
screen to be installed at Intake Bay 26 will be
left in the down position for up to 36 hours and
that a diver will be available to keep the screen
free of debris during a test period.
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Task 2: Introduce 250 fish of each given species (striped
bass, white perch) into the intake bay 26 between
the Ristroph screen and the- fixed fine mesh
screen,

Task 3: Collect fish recovered by the Ristroph screen and
transferred to the fish sluice at the end of the
intervals over a 36 hour period as specified by
the following schedule:

Time Action

to = Fish introduced into bay

t 1 the observation of the first

released fish in the return
sluices; sampling interval
initiated

-t2 = 1 minute 42 seconds since tl:
collect first sample

t 3 = 4 minutes 55 seconds since
start: collect second sample

t = 11 minutes since start:
collect third sample

t = 22 minutes 37 seconds since
start: collect fourth sample

t6 = 44 minutes 34 seconds since
start: collect fifth sample

t = 1 hour 26 minutes since start:
collect sixth sample

t = 2 hours 45 minutes since
start: collect seventh sample

t = 5 hours 15 minutes since
start: collect eighth sample

t 9 hours 58 minutes since
start: collect ninth sample

t 1 = 18 hours 57 minutes since
start: collect tenth sample

t12= 35 hours 57 minutes since
start: collect eleventh
sample

Immediately following the collection of a sample,
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examine the fish and record the number of fish that are
a) alive and undamaged, b)alive but damaged, and c)
dead. For those fish that are damaged record the
frequencies of each type of damage. Species other than
test fish that are collected should also be examined
and their condition recorded.

Task 4: Retain undamaged fish collected in task 3 in
ambient temperature Hudson River water for 8 hours
and record latent effects, including damage as
well as mortality, at 1, 3.5 and 8 hours following
collection. (Note: sample Nos. T-1, through T-6
shall be placed in one holding tank for latent
effects studies. All succeeding samples are to be
placed in separate holding tanks). If sufficient
numbers (> 10) of species other than test fish are
collected- these should also be held for examina-
tion.

Subtask 4.1: Record qualitatively the amount of
debris transferred to: a) each of the
debris sluices, and b) the fish sluice.

Subtask 4.2: Record the screen rotation speed and the
pressure at which the high pressure and
low pressure washes are being operated,
the water temperature, and salinity.

Objective V: Determine the abundance, morbidity and mortality
of fish recovere4 opportunistically from the test
Ristroph screen.

Task 1: Collect and record by species and length class all
of the fish discharged each day (approximately 24
hour period) from the:

a)
b)
c)

front debris sluice
rear debris sluice
fish sluice

Task 2: Determine the percentage of fish "alive and
undamaged", "alive but damaged", "freshly dead",
and "old dead" in collections from the fish sluice
and from each of the debris-sluices.

Subtask 2.1: Three 2-hour long collections are to be made
from the fish sluice and each of the debris
sluices each day beginning at approximately
7:00 p.m. Collections should be made from the
fish sluice by diverting water from that
sluice into one-of the three adjacent holding
tanks for a period of 2 hours. At the end of
-.2 hours, sweep the fish sluice to remove all
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fish, and then redirect the flow to another
holding tank. Record the time that each test
began and ended.

Immediately upon completion of each 2 hour
collection interval, remove the fish from the
first holding tank and each of the two debris
sluice collection basins. Record the numbers
of each species that are alive and undamaged,
alive but damaged, freshly dead, and old dead
in each of the standard impingement length,
classes. (Note: Fish that have begun to
decompose or developed substantial fungus
growth, demonstrating beyond any doubt that
they were dead for a period of time much
longer than the duration of the sample,
should be classified as "old dead"; all
other dead fish should be considered "freshly
dead".)

Place the fish that are "alive and undamaged"
and those that are "alive but damaged" from
each sluice in separate aquaria. Non-preda-
tory species may be mixed in a single
aquarium. Predatory .species should be
held separately from other species upon which
they might prey. The density of fish held in
each aquarium should not exceed the capacity
of the aquarium. Monitor the collection rate
of fish and terminate a sample if the numbers
of fish collected are near the holding
capacity for the available-aquaria. Repeat
the above until three 2-hour collections have
been transferred to the laboratory.

At the end of 8 hours following the
termination of each sample collection
interval, tabulate the numbers of each
species "alive and undamaged", "alive but
damaged", "freshly dead", and "old dead" by
length class and sluice.

Subtask 2.2: Following completion of the third 2-hour
collections made from the fish sluice and
each of the debris sluices, water from the
fish sluice should be diverted into one of
the three holding tanks for a period of two
hours. At the end of 2 hours, sweep
the fish sluice on the Ristroph screen to,
remove all fish, and then redirect the flow
to a second holding tank. Do not remove the
'fish from the holding tank into~which the

.. sample was collected.
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',Remove and classify the fish collected in the
debris basins as in Subtask 2.1 at the end
of each 2 hour collection interval. Transfer
fish collected in the debris basins to the
fish laboratory and place in aquaria as
described in Subtask 2.1.

At the end of 8 hours following the
termination of each 2 hour sample collection,
drain the holding tanks in which fish from
the fish sluice are being held, and the
aquaria in which fish from the debris basins
are being held and tabulate the numbers of
each species as in Subtask 2.1.

Subtask 2.3:

Subtask 2.4:

Following completion of the sample,
collections for Subtask 2.2, redirect the
water flow from the fish sluice to the mobile
fish collection tank to continuously
accumulate fish discharged during the next 12
hours. Separately collect all fish
discharged from the front and rear debris
sluices over the same 12 hour interval. At
the end of approximately 12 hours, tabulate
by collection basin, the numbers of each
species as in Subtask 2.1.

For each of the fish collections determine
the amount and type of debris collected from
the associated sluice. Characterize the type
of debris of filamentous algae, eel grass,
spartina, leaf litter or 6ther.

Task 3: Record operational and environmental data

a) Wash Pressure; debris spray; inside fish spray;
outside fish spray

b)
c)
d)
e)

Screen travel speed
Water temperature
Water salinity
Circulating water pump flow rate

Objective VI: Schedule and Data Records

Task 1: Complete Objective III by July 15, 1986,
Objective IV by August 15, 1986 and Objective V by
October 24, 1986.

Task 2: Provide within 72 hours of completion of each of
the Objectives III, IV, and V verified results,
including compiled data sheets and all
written notes of observations made during the
study..
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Consolidated Edison Company of Now York, Inc.
4 Irving Place, New York, N.Y. 10003

December 16, 1993

Dr. Mark Mattson
Normandeau Associates, Inc.
25 Nashua Road
Bedford, New Hampshire C lax trans memo 7671 "Page.

Dear Dr. Mattson: Co. brn

Enclosed is a scope e t F #
fish-saving features insta ftx#
Kill Generating Station. ..... .aLzo that
performed by NAI with the _..•upn-modified through-flow screen
at Indian Point Unit No. 2, requires collection efficiency tests
as well as monthly latent effects assessments from two modified
and one unmodified dual flow screen for a period of one year,
beginning as soon as screen modifications are completed in,
February 1994. Results are to be compared with those from Indian
Point.

Please provide a technical proposal to perform this work
under the terms and conditions of the impingement and entrainment
study contract for Arthur Kill, Purchase Order No. 220385, by
January 14, 1994. If you have any questions, please call me at
212-460-6059.

Sincerely,.

Kenneth L. Marcellus, Ph.D.
Senior Scientist

Attachment

cc: Wa. L. Kirk



12/16/93
Scope of Work

To Determine the Post-Impingement Viability
of Fish and Bluecrabs Impinged on Dual Flow Screens

Installed at Arthur Kill Generating Station

Background:

Arthur Kill Station dual flow screens nos. 24 and 31 are
being outfitted with Ristroph-type fish-saving featured to
determine whether post-impingement survival of fish will
be similar to that observed following collection from
Ristroph-modified through-flow screens at Indian Point
Unit No. 2. Dual flow screen modifications are expected
to be completed during February 1994. Biological
evaluations will start immediately thereafter, and
continue monthly for one year. Evaluations will include
determination of collection efficiencies for fish released
into the intake, transfer efficiencies of fish from screen
baskets to return sluices, and initial and latent
mortality of recovered fish. Results will be compared
with similar evaluations of fish collected from an
unmodified dual flow screen as well as from the Ristroph-
modified through-flow test screen at Indian Point Unit No.
2 (Attachment 1). Computation of species-specific
mortality will be based on total numbers of damaged and
dead fish at the end of the latent effects assessment
periods relative to the total numbers collected. Fish
condition will be classified as follows:

Alive: No visible signs of physical damage; active
swimming and orientation behavior.

Damaged: Fish with visible external damage (missing
scales, mutilations, or hemorrhages) or
showing abnormal or weak swimming and
orientation behavior.

Dead: No obvious external signs of life or severe
physical mutilation with only slight
opercular motion and no other body
movement.

Data are to be tabulated in the format established by
Fletcher (1986; Attachment 1). Results of the first five
months of evaluations will be presented to the NYSDEC in
an oral briefing. Based upon the information available at
that time, study objectives may be modified.
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Wok Scopen

Objective I. Provide the comprehensive management
required to ensure that all evaluations of
this Sub-study are carried out in
compliance with the terms and conditions of
the contract.

Task 1. Provide necessary controls to ensure
contract compliance.

Task 2. Provide materials and equipment needed to
fulfill the requirements of this scope of
work. Major equipment includes, but is not
limited to:

a. Three 8 ft x 3 ft x 2 ft 200 gallon
tanks, each outfitted with a screened'
overflow/valved drain pipe and
flexible discharge hose, and mounted
on wheels, for collection of fish from
low pressure wash fish sluices.

b. Three collection baskets for recovery
of fish alive and undamaged from the
high pressure wash debris sluice for
determination of survival and latent
effects.

c. Latent effects assessment tanks
(Aquaria) for evaluations of up to 50
fish of each of 5 species of fish,
including blue crabs, at one time from
each of three test screens. The tanks
shall be supported on prefabricated
metal shelving, which must be
appropriately coated to minimize
rusting from salt water. Provide all
plumbing and drain lines for these
tanks.

d. Submersible pump(s) for provision of
water to the latent effects assessment
tanks.

Task 3. Provide information necessary for Con
Edison to evaluate work in progress.

a. Provide oral reports, as requested, on
status of evaluations.
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b. Document invoices by providing
receipts for all expenses exceeding
$100, employee time sheets, travel and
expense vouchers, and equipment
expense charges.

Task 4. Provide standard operating procedures for
the performance of fish collection
efficiency and latent effects assessments.

a. Provide 5 copies of a' draft Standard
Operating Procedure (SOP) for
performance of tests 10 working days
before commencement of tests.

b. Provide updates to the SOP 10 working
days after modification of procedures,
as necessary.

c. Provide the final SOP as an appendix
to the comprehensive study report.

Task 5. Provide personnel for performance of the
work plan.

Task 6. Analyze all biological samples fresh.
Samples removed from the Arthur Kill
premises are the responsibility of the
contractor, and disposal must be in
accordance with all applicable federal,
state and local laws. Samples remaining on
the premises may be disposed of with dual-
flow screen washings.

Task 7. Check all collected striped bass for
magnetic cheek tags. Unless otherwise
available, provide magnetic field detector
for detection of striped bass tags. Retain
frozen all suspected cheek-tagged striped
bass for verification under separate
contract.

Task 8. Provide special handling for all shortnose
sturgeon that might be encountered. Record
date, time, location, weight (nearest gm),.
and length (nearest mm). If fish is alive,
release it as soon as possible to the water
source. If the fish is dead, record all
pertinent data, tag it and store it frozen
for up to one year for inspection by the
DEC.
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Task 9. Modify work scope to improve study
procedures at the direction of Con Edison.

Objective II. Determine Effectiveness of Fish-Saving
Components of Modified Dual Flow Screens
Relative to that of an Unmodified Screen
(Controlled Tests).

Task 1. Evaluate fish transfer efficiency from
screen baskets to the collection sluices of
two Ristroph-modified dual flow screens and
to the debris sluice of one unmodified dual
flow screen.

Subtask 1.

Subtask 2.

Subtask 3.

Subtask 4.

Subtask.5.

Coordinate with Con Edison to
ensure that a screen operator
will be available on the test
day(s).

Have Con Edison install the
temporary fish sluices into the
screen housing of the two dual
flow screens outfitted with fish
saving features.

Install fish collection nets
within the fish and debris sluice
of the modified dual flow
screens.

Turn on the low pressure sprays
wash and supplemental sluice
water supply-to the screens.

Open the inspection hatch on the
ascending side of the modified
dual flow screens, and distribute
150 marked, dead specimens of
each of two seasonally abundancespecies among 15 screen baskets
as they rotate by the hatch.
Record separately, the number of
each species recovered from the
fish sluice and from the debris
sluice of each screen. Identify
the number not recovered. To the
extent practical, identify the
cause for non-recovery of fish in
the fish sluice. Repeat this
test on an unmodified screen.
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Subtask 6.

Note:

Subtask 7.

Subtask 8.

Schedule:

Perform subtask 5 with two
species of live, marked
seasonally abundant fish, and
determine 8 hour latent effects
for those recovered from the fish
sluice and the debris sluice of
each modified screen. Hold a
similar number of marked
"control" fish of the two species
used in the test to evaluate
handling effects. Examine fish
at the end of the test and record
the nature and extent of
observable damage. Record total
lengths of test'and control fish.
Repeat this test on one
unmodified screen.

Test fish should represent each
of two relative hardiness groups
(i.e. hardy - striped bass, white
perch; delicate = bay anchovy,
alewife), and may be collected
from the dual flow screen.
However, live fish must be held
for at least 24 hours before
testing. Only healthy, undamaged
fish are to be used in latent
effects assessment tests. Fish
density per latent effects
assessment tank should not exceed
approximately one gram of fish
per liter.

Record screen rotation speed, and
high and low spray wash pressures

Record water temperature,
salinity and dissolved oxygen
within the latent effects
assessment tanks at the beginning
and the end of each test.

Perform Task 1 during the second
month of each quarter, using
species of fish that differ from
those tested before.
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Task 2. Evaluate bluecrab transfer efficiency from
screen baskets to the collection sluice.

Subtask 1. Repeat Task 1 with live bluecrabs
and perform 8 hour latent effects
assessments for recoveries from
both the fish sluice and the
debris one time during the summer
season for Task 1.

Subtask 2. Repeat Subtask 1 on an unmodified
screen.

Task 3. Unless otherwise performed in other Arthur
Kill Station monitoring programs, evaluate
fish collection efficiency from the intake
forebay by releasing 150 marked, dead fish
(seasonally abundant species) through the
bar screen at each intake bay outfitted
with a modified dual flow screen and at one
unmodified screen. The fish are to be
released at approximately 5 feet below the
surface of the water at the center line of
each intake bay. A 2" pvc pipe may be used
to convey the fish to the release point.
Monitor sluices for recoveries for one
hour. Record the number of fish recovered
from the fish and the debris sluices of the
respective screens for the intake bays at
which the releases were made during the
next 24 hours. Perform this test on each
of four tidal current stages: low slack,
maximum flood, high slack, and maximum ebb
tide.

Schedule: Perform Task 3 quarterly on the same
schedule that Task 1 is performed.

Objective III. Determine Post-impingement Viability of
Fish and Bluecrabs Collected
Opportunistically From Modified Dual Flow
Screens and From an Unmodified Screen.

Task 1. Coordinate with Con Edison to ensure that a
screen operator will be available on the
test day(s).

Task 2. Have Con Edison install the temporary fish
sluices into the screen housings of each of
the two dual flow screens outfitted with
fish saving features.

6



Task 3. Prepare latent assessment holding tanks to
receive fish collected from the fish and
the debris sluices of the two dual flow
screens and one unmodified screen.

Note: Fish density per latent effects
assessment tank should not exceed
approximately one qram of fish per
liter.

Task 4. Install fish collection tanks to receive
flow from the fish sluices; place
collection nets within the debris sluices.

Task 5. Have Screen Operator turn on the low
pressure spray washes (10 psig) and the
supplemental collection sluice water
supplies, and collect fish for up to one
hour from each modified dual flow screen
and from the unmodified screen. (Since
some fish may have accumulated in the
screen sluices before the start of the
test, flush these fish from the systems
prior to the start of the sampling
interval. (Sample collection duration may
be shortened/lengthened depending on debris
loading and relative abundance of fish and
bluecrabs.)

Task 6. At the end of the sample collection period,
turn off the low pressure spray washes and
the supplemental sluice water supplies.

Subtask 1. Flush out all fish and bluecrabs
remaining in the sluices, and
carefully remove fish and
bluecrabs from the debris
collection nets. Examine fish
and bluecrabs and record the
nature os damage, including
mortality, if present. Place
only live, undamaged fish and
bluecrabs into separate aquaria
for 8 hour latent effects
assessments. Attempts should be
made to hold all alive (normal)
fish collected from all
collection gear. (Shorten
sampling interval if excessive
quantities of fish are collected;
however, once the requisite
number of 50 of a target species

7



Subtask 2.

Subtask 3.

Note:

has been collected within the
monthly sampling interval,
further collections of that
species may be disregarded.
Compatible species of fish may be
held within the same aquarium.)

Drain the fish sluice collection
tanks; carefully remove fish and
record the nature of damage,
including mortality, if any is
observed. Place alive (normal)
fish into aquaria for 8 hour
latent effects assessments.

Record by sluice, the number of
fish collected and determine by
species number recovered alive,
damaged and dead initially and at
the end of 8 hours. Record the
total lengths of fish evaluated.

Test fish are to be classified as
Alive (Normal), Damaged, or Dead,
as follows:

Alive:

Damaged:

Dead:

No visible signs of physical
damage;, active swimming and
orientation behavior.

Fish with visible external
damage (missing scales,
mutilations, or hemorrhages)
or showing abnormal or weak
swimming and orientation
behavior.

No obvious external signs of
life or several physical
mutilation with only slight
opercular motion and no
other body movement.

Task 7. Repeat Task 6 up to three times (at least
two hours) per test day per screen (two
modified and one unmodified dual flow
screen) to attempt to obtain 50 fish of
each of 5 target species that are
seasonally abundant. Up to 50 fish (or
more if space allows) of other seasonally
abundant opportunistically collected

8



Task 8.

species are to be held per sampling day as
well.

At end of the final collection on each of
the three test screens each month, drain
down the collection tank and remove
bluecrabs-and debris. Leave the fish in
the tank, refill it, and determine latent
effects at the end of 8 hours. Record the
total lengths of fish evaluated.

Task 9. Have the screen operator remove the fish
collection sluice and return the dual flow
screens to normal operation.

Notes: Tasks 1 through 9 are to be performed
monthly from February 1994 through January
1995.

Sample collection may need to be performed
at night in order to increase the
likelihood of collecting adequate
quantities of target species.

Objective IV. Provide Summary and Comprehensive Study
Reports.

I Task 1. Following completion of five months of
sampling, prepare summary tables of results
of fish and bluecrab transfer efficiency
and latent effects assessments, intake bay
recovery assessments, and post-impingement
viability assessments of fish collected
opportunistically.

Note: Mortality is to be calculated based on
the combined numbers of damaged and
dead fish relative to the total number
collected and evaluated.

Task 2. Attend and discuss results of studies at
meetings (two attendees at two possible
meetings) as requested.

Task 3. Following completion of field studies
prepare a draft Comprehensive Report on
Results.

Subtask 1. Compare and contrast results
obtained from the modified dual

9



flow screens with those from the
unmodified dual flow screens.

Subtask 2. Compare and contrast results
obtained from the modified dual
flow screens with those obtained
from the modified Ristroph
screens installed at Indian Point
as reported by Fletcher (1986).

Task 4. Provide Con Edison with the following
preliminary data for each sampling date:
Species and numbers collected; total length
of all test fish, including control fish,
evaluated for transfer and collection
efficiency, and post-impingement viability.
Data must be provided as SAS or ASC-II
files three working days following the end
of each monthly test period.

Task 5. Provide all final data in standard SAS
files having file structure similar to the
impingement master data base for the Arthur
Kill Station, and provide microfilm records
of all corrected data sheets and detailed
standard operating procedures within 45
working days after completion of field
studies.

Schedule: Objective IV. Task 1.

Submit 5 copies of draft tables of
study results 15 days after completion
of the fifth month of field studies.

Objective IV. Task 3.

Submit 5 copies of a draft
comprehensive report 30 days after
completion of field studies. Submit
final report within 30 days of
resolution of comments.

10
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Objective II. Provide Velocity Profile Measurements
of Water Passage Through The Dual Flow
Screens

Task 1. Conduct velocity profile measurements on
both the ascending and descending sides of
the dual flow screen on four tidal current
stages - low slack, maximum flood, high
slack, and maximum ebb tide. Profiles are
to be measured at five uniformly spaced
locations across the face of the screen
basket and at five uniformly-spaced depths
within the intake bay. Profiles are to be
recorded for x and y coordinates, at a
distance of approximately 6 inches from the
screen mesh along the horizontal centerline
of the basket.

Note: It is anticipated that flow
measurement equipment will have to be
mounted on screen baskets, which will
then be rotated to the required
location for recording velocities. An
installation plan should be developed
and worked out with Con Edison in
advance of the test day(s).

Task 2. Coordinate with Con Edison to ensure that a
screen operator will be available on the
test day(s).

Task 3. Record water temperature and conductivity
during each velocity profile assessment.

Schedule: Perform Objective II within the first 3
months of field studies.

11



TO: Jim Reichle
FROK: Paul G.
DATE: 12/20/93
RE: Survival work at Arthur Kill
cc: M. Ricci

Ken just sent this sole source scope of work to us for the survival work
at Arthur Kill Station. He may talk to you about this at Ravenswood on
Tuesday. I want you to read the entire RFP and cost out completely,
labor (hours by labor grade) and non-labor (include sales tax), the
following sections:

Obj I Task 2 (all)
Task 7 (need detector in working condition)
Task 8 (prob. no cost)

Obj II Task 1 (all)
Task 2 (all)
Task 3 (all)

Obj. III All tasks

For each objective and task state all assumptions. For example on Obj.
III state how long do we assume collections will be made to make quotas.
Do we use two crews? One to make collections and start holding periods,
and the other to terminate? Note that in Objective II we will need a
lot of fish for transfer and collection efficiency and there will not be
any ongoing impingement programs. Also note in Obj. IV Task 4 that
lengths will be needed for transfer and collection efficiency and
survival work. Ken wants this ASAP. Can you complete costing by 28
December and FAX to me? This is not competitive bid and it is likely
that the Scope of Work will change once we start.

AK will be demobilized this week at the end of sampling. Tell Ricci
where the AK flow diverters are. You will have 27 December available
for this costing. Call me if you have questions.

L
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Risk Analysis for Fish Diversion Experiments:
Pumped Intake Systems1

R. IAN FLETCHER

Great Salt Bay Experimental Station
Damariscotta, Maine 04543

Abstract

I
C

4
-I
I.

Such facilities as power-generating stations, public water systems, and ore-processing plants draw
off large quantities of water from estuaries, coastal seawaters, lakes, and rivers. In turn, large
numbers of fishes are often drawn into these pumped intake systems and killed if not otherwise
removed or diverted. The large mortalities associated with many intake systems threaten the
perpetuation of indigenous stocks. The diversion and removal devices most commonly used for
protecting fish life from such risks are presumed to operate on principles showýfn here to be erro-
neously conceived. In consequence of these faulty theories, the estimators and experimental designs
of standard industry practice seldom reveal the true correlations necessary for improvements in
fish conservation systems, nor do the assessments of small-scale experiments extend with reliability
to full-scale system designs. Such passive devices as angled barrier screens are thought to guide
fish in some way into pumped bypassing ducts, but an analysis of existing data supports instead
a hypothesis of random encounter whereby the activities of entrapped fish are governed by the
probabilistic mechanics associated with random walks and unlike boundary conditions. Experi-
mental designs for separating and assessing time-dependent risks are developed for the case of
competing devices in a given test system. From time-dependent comparisons between large and
small systems (in particular, between a model system and its full-scale prototype), the net decrease
in the probability of fish survival associated with increased system size is shown to be the con-
sequence of increased exposure to the risk of death (increased residence time) rather than the
consequence of increases in the unit risk of death itself. Where extensions of small-scale empirical
results to full-scale system designs are wanted, arithmetic extrapolations yield erroneous results.
Because displacement dependence (fish movement and system size) enters the risk analysis, the
scaling problem must be resolved instead from a corresponding system of partial differential
equations.

Received August 6, 1984 Accepted April 25, 1985

Industrial and public-service facilities of many
and dissimilar functions share a common de-
mand for large volumes of water in their oper-
ations. As a rule, such users as power-generating
stations, ore-pr6cessing plants, public water sys-
tems, pumped irrigation canals, and pulp mills
draw their supplies, more or less continuously,
from such natural sources as rivers, lakes, estu-
aries, and coastal seawaters. At the two Indian
Point nuclear power stations in New York State,
for example, upwards of 7.5 million litres per
minute of Hudson River water are pumped
through the condensers of the generating units
(Stone and Webster 1976). Similar quantities are
diverted from the San Joaquin and Sacramento
rivers at Tracy, California, and pumped into the
Delta-Mendota Canal, 'accounting at times for

the entire flow of the San Joaquin River and half
the Sacramento flow (Bates and Vinsonhaler
1956).

As with most such diversions of natural waters,
quantities of fishes large and small are regularly
drawn into the intake structures of the pumping
.facilities. Once drawn in, the fish tend to move
with the water flow until they are blocked in their:
transit by barrier or "intake" screens. These
screens, in one form or another, are universally
employed as the means for preventing the pas-
sage of debris into the circulating pumps ýof the
facility. Some barrier screens arestationary, but
many, as part of a system for removing debris
and fish caught in the screen meshes, are moved
(are caused to "travel") in a vertical direction
around driving sprockets after the manner of an
endless belt. Whether stationary or travelling, the
barrier screens'block the further entrainment of
indrawn fish (except for larvae small enough to
be extruded through the screen meshes). Up-

I Work supported by a grant from the Hudson River
Foundation for Science and Environmental Research,
122 East 42nd Street, New York, New York 10168.
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wards of 100% of the fish so entrapped remain
in the screenwells of the intake structure if not
otherwise removed, eventually suffering injury
or death from being pressed against the barrier
screen or into its meshes by the force of the water
flow. Because active fish tend to align themselves
parallel with the oncoming flow and headmost
into it, they are moved rearwards in their ap-
proach to the barrier screen (Schuler 1973; Stone
and Webster 1976). As the fish come into tailfirst
contact with the barrier screen they may dart out
some ways but tend to stand against the flow in
the region just ahead of the screenfront (Fig. 1).
In so swimming at the net speed of the oncoming
flow, the fish must increase their rates of energy
expenditure owing to increased swimming effort.
As the fish become exhausted over time, they are
pressed onto the barrier screen by the force of
the inflow (the time to exhaustion depending onr
such factors as species, size, physiological con-
dition, water velocity, and water temperature).

The fish kills associated with large-volume
water diversions are often very great, and the
potential for long-term depletion of indigenous
populations has been a worrisome problem over
several decades for the regulatory agencies of the
various states, the U.S. Environmental Protec-
tion Agency, and the power industry in partic-
ular. The conservation problem, although sig-
nificant in terms of risks to fish populations,
litigation costs, and costs to industry for expen-
sive (but generally ineffective) fish conservation
systems, has not been well attended to by the
fishery science community at large. Although
much industry-funded research has been pro-
duced over the years (in the form of test-flume
studies, field sampling of full-scale systems, lab-
oratory-scale experiments on fish diversion de-

vices, and hydrological modelling), very little of
it has appeared in the open, refereed literature.
Because these industry-generated studies are sel-
dom subjected to outside review, they vary in
reliability and must be used with caution.

Very often, industry and consulting biologists
are forced to.deal with problems outside their
own fields of specialization, and a hard-pressed
investigator is apt to follow without examination
the conventions and doctrines of his predeces-
sors. In this way, apparently, several plausible
but faulty hypotheses have persisted in the tech-
nical literature and, through repetition, become
axiomatic. These errors in reasoning and prac-
tice, generally arising from misperceptions of
critical topics in probability theory, vector me-
chanics, fluid dynamics, and relative motion,
have misled investigators into designing exper-
iments in which inconsequential events are often
stressed and the more critical ignored, all to the
cost of advancements in conservation designs
and the requisite understanding of fish behavior
in moving water.

Many of these faulty hypotheses and experi-
mental designs are examined at length in Fletcher
(1984), a study sponsored by the New York State
Department of Environmental Conservation, and
it is not my purpose here to repeat that criticism
in detail. But because the analysis and experi-
mental designs outlined here depart so radically
from those of industry practice, and because the
conclusions reported here are so opposed to the
beliefs of many investigators and industry biol-
ogists, a certain amount of critical exposition is
owed the reader. Some discussion of those dif-
ficulties has been incorporated into the narrative
that follows; more explicit examples of the es-
timators and experimental designs associated with
current practices can be found in Appendices C
and D of this article.

Owing to the (usually) limited circulation of
the technical literature on fish conservation, ac-
tive entry into this important field of inquiry, is
hindered as much by the inaccessibility of in-
formation as it is by the cross-disciplinary de-
mands of the phenomenological problems them-
selves. The citing of obscure literature in this
article is regretted, but it is unavoidable; no other
starting point exists at this time. For the benefit
of the reader who might be motivated to pursue
the problems addressed here, I have augmented
the citations with as much source information
as possible. For additional assistance in obtain-
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ing obscure references, two good sources are the
Electric Power Research Institute, 3412 Hillview
Avenue, Palo Alto, California 94303, and the
Empire State Electric Energy Research Corpo-
ration,, 1217 Avenue of the Americas, New York,
New York 10020.

The work of this article applies to systems of
pumped (or pressure-driven) flows; it does not
extend unaltered to intake systems that operate
on gravity-driven flows (such as the turbine in-
takes of hydroelectric dams). The geometry and
velocity distributions of a gravity-driven flow (as
well as the disposition of the fish entrapped there-
in) will differ in some ways from those of a
pumped flow. Because of those differences, the
risk assessments that apply to systems of gravity-
driven flows are deferred to a later paper.

Conservation Devices

Many schemes and appliances have been de-
vised with the common aim of reducing the fish
kills associated with large water-intake systems.
Various nonmechanical means have been tried
with the intended purpose of frightening off the
fish prior to their entrapment or inducing their
entry into bypassing conduits. No known strat-
agem of that kind (such as sound waves, bubble
generators, strobe lights, shock waves, chemical
repellents, or electricity) has yet proven effective
in full-scale systems (Kerr 1953; Applegate et al.
1954; Moore and Newman 1956; Johnson et al.
1958; Burner and Moore 1962; Van Derwalker
1966; Bates and Van Derwalker 1969; Bechtel
Associates 1970; Pugh et al. 1970; Bell 1973;
Texas Instruments 1974; Schuler and Larsen
1974; Stahl 1975; Stone and Webster 1976; Pa-
gano and Smith 1977; Lieberman and Muessig
1978; Patrick and Vascotto 198 1; Hadderingh
1982; Haymes et al. 1984; Lawler, Matusky and
Skelly 1984; Ontario Hydro 1984).

Various mechanical modifications to the bar-
rier screens themselves have also been tried. In
one demonstration, a travelling barrier screen,
ordinarily moved in a vertical direction, was
redesigned and moved in a lateral direction,
crosswise to the flow, with its frontmost side
driven in the direction of a bypassing slot located
at one end of the moving screen (Bates 1970;
Farr-and Prentice 1973; Prentice and Ossiander
1973), During experiments in a testing flume (and
at least one full-scale installation), the horizontal
screen effectively conveyed young salmonids to
the bypassing slot with little apparent trauma to

the test fish. Although promising in that regard,
the device was mechanically unsound. Among
other problems, the engineers were unable to de-
vise a suspension system adequate to the scale
and to the pressure heads of large intake systems.

Vertical travelling screens of conventional de-
sign have also been equipped with troughs affixed
at regular intervals and extending across the
screenface (the so-called Ristroph modification).
The troughs are meant to scoop the fish up from
the front of the screen and then raise them through
a system of water jets, which, in turn, are meant
to wash the fish from the troughs and into a sluice
for their return to the source waters. An appli-
cation of the Ristroph design at the Surrey power
station in Virginia is reported by White and
Brehmer (1977) as being effective in reducing fish
mortalities (although the authors cite no data in
their report). Tests with a similar modification
at the Danskammer Point power station in New
York showed no mortality reductions over con-
ventional travelling screens when the conven-
tional screens themselves were moved through
a wash-down system like that of the Ristroph
modification (Clock and Huggins 1981; Ecolog-
ical Analysts 1982). In a series of comparative
tests at the Salem nuclear power station on Del-
aware Bay, a variation on the fish-trough screen
by Royce Equipment Company was shown to
impose mortalities somewhat lower than those
of a more standard Ristroph design (Public Ser-
vice Electric and Gas Company 1984).

In recent years, many large pumping facilities
have been equipped with passive guiding bar-
riers, usually in the form of vertical metal louvres
or conventional barrier screens, placed diago-
nally across.the intake flume (or in some way at
an angle to the oncoming flow),: with a narrow
bypassing slot located at the apex of the acute
angle between the barrier and the wall of the
flume. The thought behind any of these angled,
barriers is that indrawn fish might somehow be
guided or swept along it and into the bypass.

In many tests with angled louvre arrays, the
majority of the fish were drawn directly through
the louvres and into the pumps of the intake
system orinto. an auxiliary barrier screen (Du-
charme 1972; Sehuler 1973; Skinner 1974; Texas
Instrumenits 1974; Stone and Webster 1976; Taft
and Mussalli 1978). The only louvre arrays that
seem to be effective in guiding fish in any-way
are those whose louvre vanes are designed to
create a strong local turbulence within the vane
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will also flow along the face of the screen, towards
the bypassing slot, carrying the fish along with
it. Other writers envision the fish as being guided
across the oncoming flow and towards the bypass
by a velocity vector component. Although the
first notion (the criss-crossing flow) is an appeal
to a physical impossibility, and the second (the
Cartesian vector component) an appeal to a mere
mathematical convention, the notions persist and
are given wide credence among industry exper-
imenters. At least one of the two arguments ap-
pears explicitly in each of the following studies:
Schuler (1973); Texas Instruments (1974); Schu-'
ler and Larsen (1974); McGroddy et al. (1981);
Copeland et al. (1981); Lawler, Matusky and
Skelly (1982b).

Although the presumed objective common to
all displacement schemes is that of removing fish
from intake structures unharmed, the practice in
virtually all fish diversion demonstrations is that
of emphasizing the "efficiency" (the effective-
ness) of a -system in diverting fish from the
screenwell into a removal device (such as a screen
trough or a bypassing duct), whether the fish are
alive when diverted or not. This efficiency mea-
sure is calculated, over any arbitrary time period,
from the ratio

FiGURr 2.- Typical configuration of an
screen and pumped bypassing slot. Fish
most into the current.

openings (Bates and Vinsonhaler 1956; Flallock
et al. 1968; Stone and Webster 1976; Odenweller
and Brown 1982). As a fish comes into tailfirst
contact with the zone of turbulence at the louvre
face, it tends to move away from the turbulence
somewhat more in a direction normal to the an-
gled array than directly into the free-stream cur-
rent, the net effect being a small lateral displace-
ment that eventually puts the fish, after repeated
excursions, into the bypassing current along the
flume wall. But the innovation that imparts the
gain in fish survival also imparts a loss in effi-
ciency to the plant. Because the turbulence be-
tween the louvre vanes impedes the free flow of
water into the intake system, the power expended
in overcoming the accompanying head losses be-
comes so great that turbulent barrier systems are
judged to be impractical for most facilities.

With conventional barrier screens set at an
angle of attack to the flow, no effective turbulence
is created (beyond the small-scale disturbance
immediately.behind each screen wire). As'with
the barrier screens set normal to the flow, the
indrawn fish tend to stand against the oncoming
flow in the region just ahead of the screenface
(Fig. 2), and their lateral excursions seem to be
randomly executed (in contrast to their responses
to the turbulent louvre, array). Some advocates
of angled-screen designs advance the curious hy-
pothesis that while the inflowing water is ob-
viously drawn through the barrier screens by the
pumps of the facility, some portion of the water

D

D+I'

D being the numbers of fish diverted (the num-
bers collected, dead or alive, after their exit from
the screenwell) and I the numbers impinged (the
numbers actually embedded in the screen meshes
or held fast in some way by the screen structure).
So whether all the fish might be alive when col-
lected or all dead, the associated diversion effi-
ciencies (1) would be the same. Although the
percentage surviving of the fish passed through
the removal system is sometimes accounted for
and reported, angled-screen demonstrations in
particular are invariably conceived and designed
around formula (1), and often with either or both
of the mistaken notions about fish guidance as
the given assumptions. No distinctions are ever
made between actively swimming fish that might
enter the bypass without forcible contact with
the barrier screen and those that are pressed
against the screen and forced along it to the by-
pass by the oncoming flow. Owing at least partly
to this indistinction, misconceptions about the
physical properties of the system and the actions
of the entrapped fish are perpetuated.

(1)
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P

FFIGURE 3.--Left, erroneous interpretation of water flow in the vicinity of an angled screen. Center, correct Carte-
sian representation of water velocity V (as a vector point iinction) in the vicinity of a barrier screen, pumped
intake flow. Right, reference point (Q) moved a distance directly upstream of P.

It is common to read of angled-screen instal-
lations being 90 to 100% effective in guiding or
successfully diverting entrapped fish from a
screenwell into a bypassing system. But all that
such figures really tell us are the percentages of
fish that remain affixed to the barrier screen itself.
An angled screen device 99% effective in di-
verting captive fish and debris into a pumped
bypass may leave only 1% of the fish behind, but
it may also be ineffective altogether in preserving
the lives of the 99% diverted. In a typical study
of a full-scale installation of angled barrier screens
at a power-generating plant on Lake Ontario
(L.awler, Matusky and Skelly 1982b), the "total
diversion efficiencies" for one particular month
were reported as being 91 % for alewives Alosa
pseudoharengus (9% remaining on the screen
meshes, or "impinged"), 92% for rainbow smelt
Osmerus mordax (8% impinged), and, for another
month, 93% for white perch Morone americana
(7% impinged). But from the data on the by-
passed fish it can also be determined that of the
bypassed alewives, 86% were dead or injured on
arrival in the collection basin, and of the 14%
remainder 89% died soon after collection, for an
overall mortality of 99%. The corresponding im-
mediate and cumulative mortalities for the rain-
bow smelt were 59 and 95%, and for the white
perch 80 and 84%. Apparently, few of the suc-

cessfully diverted fish escaped a direct and un-
happy encounter with the barrier screen.

In experiments with angled-screen and bypass
devices in small test flumes (Stone and Webster
1976; Alden Research Laboratory 1981; Lawler,
Matusky and Skelly 1981, 1982a), the imposed
deaths and injuries occur in percentages signifi-
cantly lower than those of large-scale systems,
owing principally to the shorter mean times that
fish spend in the screenwell prior to encountering
the escape route. As shown in films of test flumes,
fish swimming in the region just aheaed of the
barrier screen exhibit small lateral displace-
ments, apparently from cueing on other mem-
bers of the school, that tend to distribute the fish
along the screenfront. Thus, the narrower the
intake flume the greater the probability that an
actively swimming fish will encounter the narrow
band of bypassing current at the flume wall be-
fore exhaustion (or chance) overtakes it and the
oncoming flow presses it against the barrier
screen.
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The Guiding-Component Hypothesis ,

The relationships between fish and barrier
screen and the forces of the water flow on the
fish are not the same for a fish impressed against
the screen as they are for a fish stemming the
current just ahead of it. Let us clearly understand
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at the outset that with a flow and screen config-
uration like that of Fig. 2, there can be no such

thing as a bifurcating flow at the screenface or a
guiding water velocity parallel to the screen. Yet
in reports of angled barrier studies, the investi-
gator will often illustrate the theory of guiding
velocities by showing (or describing) a diagram
like the left panel of Fig. 3, where the component
Vy is said to represent the velocity of the flow
parallel to the screen and vx the velocity of the
water flowing through the screen. Neither inter-pretation is correct. The quantities vx and vy (often.

given as vl and v2) are nothing more than the
mathematical components (the directed Carte-
sian components) of the water velocity V at some
arbitrary point ahead of the screen (Fig. 3, cen-

Ster). Not$-4 '••" in .......... co bo a ............ wa ... ....

gufidedjor caused to move by a. Cat ieian. co..m-
nentTofVcty•.fhe directions of components

vx and vy imerely reflect the author's choice of
4 reference axes (whatever his motivation might

have been for choosing them), not independent
velocities or directions of flow. Any other ori-
entation of the reference axes would be just as
valid for describing velocity V as the component
sum v, + Vy; the choice is arbitrary and wholly
independent of the phenomenology of the flow.

It is never made clear just how far in front of
the screenface the guiding velocity or guiding flow
is thought to extend. Presumably it is not more
than several centimeters. In the full-scale study
of the Oswego plant by Lawler, Matusky and
Skelly (I982b), for example, components v1 and
v2 were resolved from velocity measurements
approximately 15 cm forward of the screenface
and so labelled as flows and velocities parallel
and perpendicular to the screen. Let us examine
that hypothesis by moving the reference point
well ahead of the presumed guiding zone, say a
distance ten feet directly upstream of P to a new
location point Q (Fig. 3, right) without a change
in orientation of the reference axes. The velocity
V at point Q will have exactly the same vector
components as V at point P: V = vx + vy. If we
now put a fish (or any other neutrally buoyant
object) at Q, it will no more be guided in the
direction of vy (or v, for that matter) than it
would be at point P. It is gratifying to find the
following substantiation in at least one report on
angled-screen experiments (Alden Research Lab-
oratory 1981):

uniformly at a cross-section 10 feet upstream of'
the angled screen. A traverse of velocity mea-
surements 4 inches upstream of the screenface
[revealed] velocities of the same magnitude and
same direction as those of the upstream cross-
section."

In swimming directly into a freestream flow
of water (whether 4 inches or 10 feet upstream
of a barrier screen), a fish needs only to resist the
straight-on force of the flow in maintaining its
position ahead of the screen; the screen imposes
no lateral forces on the fish upstream of the
screenface. Should the fish fall back against the
screen, whether through exhaustion or the in-
ability to swim at a speed equal to the speed of
the oncoming flow, then the forces of the screen,
through frictional roughness (or impediments)
and its angle to the flow, will directly influence
the disposition of the fish and may then guide it,
so to speak, to the bypass. But if our represen-
tative fish arrives at the entry to the bypass with-
out forcible contact with the barrier screen, it
does so through its own actions and reactions,
either through random lateral excursions while
swimming, through cueing on or reacting to the
excursions of other fish, or through some stim-
ulus that biases its own lateral movements more
towards the bypass than away from it. If angled
screen devices provide any such bias, it must be
a weak one.

Entrapped fish spend surprisingly long periods
of time in screenwells merely standing against
the flow, just ahead of the barrier screening. In
a series of experiments with angled barrier screens
in a laboratory test flume, Alden Research Lab-
oratory (1981) evidently found the residence
times of test fish in a typical experiment to be
greater (sometimes much greater) than the
planned duration of the experiment. Although
the test flume was less than 2 m wide, the fish
were not readily guided to the bypass by screens
set at either of two test angles. The Alden ex-
perimenters conducted 58 experiments with var-
ious combinations of species (striped bass Mo-
rone saxatilis, white perch, alewife, Atlantic
menhaden Brevoortia tyrannus), screen angles
(25*, 45°), water velocities (30 cm/s, 60 cm/s),
and water temperatures (0-22°C). In all but three
cases, quantities of fishes (sometimes the major-
ity of the experimental sample) were still swim-
ming in the test flume at the termination times
of the experiments. (The Alden data are tabu-
lated on Table C-I, Appendix C of this article.)

a

"Velocity data indicated that the flow in the ap-
proach section [of the test flume] was distributed

I~i
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Residence times of entrapped fish are even
greater in full-scale systems. In the study by Law-
ler, Matusky and Skelly (1982b) on the angled
barrier and bypass system of the Oswego power•
station, the investigators introduced marked fish
of various species into the intake screenwells and
found residence times of at least 681 h for brown
trout Salmo trutta, 1,269 h for smallmouth bass
Micropterus dolomieui, 48 h for yellow perch
Percaflavescens, and 546 h for white perch. (Se-
lections from the Oswego data are given in Ap-
pendix D.)

The greater the mean residence times of fish
entrapped in a screenwell, the greater the chances
are that the fish will suffer exhaustion and be
thrust against the barrier screen before encoun-
tering the bypassing system. That eventuality is
reflected in the higher percentages of deaths and
injuries for full-scale screen and bypass systems
in comparison to small experimental systems.
With the thought to overcoming these size-re-
lated mortalities, the more recent barrier-bypass
installations have been designed around screen
angles of attack a as steep as 20 or 25', and hence
longer screen arrays, which in turn require greatly
extended forebays for their accommodation (Fig.
4). But lengthening the barrier and steepening its
angle (reducing its angle of attack2 to the flow)
does nothing to decrease the cross-flume excur-
sion distance and only increases the distance
available for the distribution of fish along the
screenface, a factor that seems to work against
the rapid exit of actively swimming fish.

Although steeply pitched screens are favored
for their high diversion efficiencies- (their pro-
pensities for lowering impingements), the overall
survivals of entrapped fish apparently fail to in-
crease accordingly. In the Alden flume study, for
example, the survivals of bypassed fish-al-
though better than in full-scale systems-were
not improved by steepened screen pitches, at least
in the view of the investigators themselves (Al-
den Research Laboratory 1981), who concluded
that

"Within the range of variables examined, it ap-
pears that ... the angle of the device ... did not
significantly affect total efficiency"

2 By convention, a meridional plane normal to a flow
is said to have a 90* angle of attack; one parallel to the
flow has an angle of attack of 00. Hence, the less its
angle of attack, the "steeper" its pitch.

("total efficiency" being the overall survival of
the test fish, as opposed to "total diversion ef-
ficiency," impingement index [1]). In some ear-
lier studies, Schuler (1973) and Schuler and Lar-
sen (1974) found no significant differences in
overall survival of test fish for screen angles of
30°. 45*, and 90'. They say further that

"Results with [angled] screens were generally poor
.I. fishes were guided to the bypass with only
marginal success .... Fishes were impinged
against rather than guided along the screen
panels."

From another series of experiments on angled
screens and bypasses, Stone and Webster (1976)
report that their

"... analysis of the data did not show a signifi-
cant difference in [fish survival] between 25- and
45-degree orientations .... Within the range of
variables studied, screen angle ... had no effect

on total efficiency."

The investigators add this revealing observation:

"It was subjectively observed, however, that fish
suffered more physical damage in tests conduct-
ed with the angled screen at 45 degrees than they
did with the screen at 25 degrees."

The advocating of steeper and steeper screen
pitches (lessened angles of attack a), despite their
reported failures in improving overall survival,
is apparently motivated by the importance given
to the diversion efficiency index (1) and to the
universal acceptance of the guiding actions of
angled barrier devices. Although the notions of
guiding velocity components can be dismissed
out of hand for the reasons already set forth, it
is true that the diversion efficiencies (the indices
of impingement [11) of angled barrier screens do
seem to increase with steepness of pitch. In the
case of a fish pressed against a shallow pitched
screen, the starting and developed resistances to
sliding and tumbling motions would be greater,
for a given inflow velocity, than those of a more
steeply pitched screen, owing to the angle be-
tween the screen surface and the direction offlow.
In consequence of those differing resistances (dif-
fering in both direction and magnitude), the re-
sultant force on the fish is more nearly tangent
to the screen surface in the case of the steeper
screen. With the shallower pitched screen, the
resultant is directed more towards the normal:
hence the fish is pressed with greater force against
the screen the shallower its pitch, (the greater the
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angle of attack a) and more nearly into its mesh
openings, the result being a greater probability
of abrasion or impingement. The subjective ob-
servations noted by Stone and Webster (1976)
are probably correct.

The actions of flow and screen on a fish thrust
against a screen surface are further complicated
by the size of the fish and its species, and most
importantly by its struggles to remove itself from
the screen. In any case, although fewer fish re-
main immobilized on the fronts of steeply pitched
screens, overall survivals do not seem to be im-
proved by lessened angles of attack. Apparently,
the rates of exit of live, uninjured fish are related
more to the sizes of intake wells (their cross-
flume excursion distances) than to the angles of
their barrier screens.

Estimators and Conventions of
Reported Diversion Experiments

From among the various industry reports on
fish diversion experiments, I have selected two
for exposition, one of which is representative of
empirical modelling in small test flumes (Alden
Research Laboratory 198 1) and the other of field
tests on full-scale operating systems (Lawler, Ma-
tusky and Skelly 1982b). Although neither is
suited in its experimental design to a separation
of competing risks, more useful data were re-

covered from these two experiments than from
other reported projects.

Small-Scale Test System

The Alden Laboratory test flume is wider than
most model flumes (1.83 m, as compared to test
flumes as narrow as 0.76 m). but the estimators
and experimental conventions employed in the
Alden work are identical in most respects to those
of its relatives. The purpose of the 1981 Alden
study is stated on page 13 of the cited report:

*.. past angled screen studies had yielded di-
version efficiencies of nearly 100 percent at an
approach velocity of 1 fps [foot per second] and
a screen angle of 25 degrees to the flow .... These
results indicated that higher velocities and great-
er angles, both of which would reduce the cost
of an angled screen system in a power plant,
might also yield acceptable diversion efficiencies.
Accordingly, velocity and angle were the primary
variables of interest in the ESEERCO study."

Again, the diversion efficiencies stressed in the
report are the indices of impingement (i), not
the overall survivals of the test fish.

The Alden test facility (Fig. 5) is a water-re-
circulating flume with an approach section 1.83
m wide, 1.83 m deep, and approximately 10.7
m long. The water velocity is adjustable. The
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I I flume was equipped with a fish bypass slot 15 mult
cm wide and leading to a collection basin. Fixed werc
barrier screens of 9.5-mm standard wire mesh cedu

Flow staighteners were employed in the experiments, at test angles regr(
of 25* and 45*. In all tests the ratios of watcr spur
velocities at screen and bypass were said to be unit
1:1 (reached some time after the release of a fish 'y Ir

1.83 m t
d.83 sample). Structural details and hydraulic tests of in 11

E 1.83 m the Alden flume are given in Stone and Webster beh
(1976). mu]

As with most such fish-diversion studies, the flunl
experimental information from the Alden work ! sarr

owas reported in summarized form. The experi- duc
mental observations do not appear in the report me:

0 itself, but the investigator's laboratory notes were mc
I I I recovered and transmitted to me by Kenneth (

Marcellus of the Consolidated Edison Company flui
of New York. Because that information has not inI
been promulgated in any form accessible to the be

general reader (and because it is especially im- :
F L 0 W portant in the time-dependent analysis given in the

another section of this paper), I have included it bil
in Appendix C, Table C-1. Other information .i tia
discussed here was extracted from the Alden re- in!
port proper. di

Of 58 recorded experiments, 50 were con- rel
ducted with the 450 barrier screen and eight with th
the 250 screen. The water velocity for all eight of h
the experiments with the 25* screen was 30 th
cm/s; it was 30cm/s for 34 of the 45* experiments th

were used iA all experiments. Length ranges by si

species were: o,

• ,.r-Jeer •Atlantic menhaden, 3.9 to 7.0 cm (August to c
October);

Ange/of white perch, 5.1 to 9.0 cm (October to Feb- d

ottack. 0( ruary);
striped bass, 6.6 to 12.0 cm (December to

March).

One of the Atlantic menhaden tests (experiment
yposi•,ng chare 6; Appendix C) was disqualified because of chlo-

15 cm wide ine contamination of the flume water. Four ex-
periments were also run with alewives (a species
especially vulnerable to intake systems), but the
results of the alewife tests were not included in

FIGURE 5.--Alden test flnme configuration (Alden Re- the reported analysis, and the observations from

search Laboratory 1981). When screen angle a = 450, the alewife tests were not forwarded to me. With

screen length L = 2.36 in. When a = 25*, L the elimination of the five disallowed experi-
3.96 tn. ments, results from the remaining 53 were ana-

lyzed statistically by the authors. In 39 of these,
sample sizes were 200 or more fish released si-
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multaneously; in the remaining 14, sample sizes
were 100 fish each. Owing to the estimating pro-

cedures employed in the experiments, the linear
regressions and analysis of covariance produced
spurious correlations considered "significant but
unimportant" by the authors.

In each of the experiments the fish were placed
in the flume upstream of the barrier screen and
behind a "crowder." The fish were released si-
multaneously on removal of the crowder, but the
flume pump was not started until release of the
sample. The starting conditions may have intro-
duced several complications into the experi-
ments not easily accounted for in the experi-
mental results.

(1) Because the tests were run in a darkened
flume, the distribution and behavior of the fish
in their approach to the barrier screen could not
be observed and remains unknown.

(2) Owing to the transient flow geometry in
the flume during the start-up period, the possi-
bility cannot be discounted that during that ini-
tial period the velocity and pattern of water flow
into the bypassing slot may have been altogether
different from the flow through the screen. Ir-
regular flow patterns during start-up (probably
the first 15 min or so of each experiment) might
have been related to the initial washout of fish
that was characteristic of all experiments except
the first,

(3) Because of the small size of the flume, the
simphtaneous release of 200 or more fish (in 36
of the experiments) implies a dense packing of
fish along the screenfront. Data from the re-
covered laboratory notes clearly reveal the by-
passing rates to be nonlinear (or density-depen-
dent: the greater the number of fish in the flume
the greater the bypassing rate). For this reason
alone (but also because most of the experiments
were terminated before all the fish of a test sam-
ple had exited the flume), the 14 experiments
with sample sizes of 100 fish are not statistically
comparable (without time-dependent correc-
tions) to the experiments where sample sizes were
200 or more.

The durations of individual experiments ranged
from 15 min to 12.8 h (Appendix C, Table
C- 1). Seventeen of the experiments were termi-
nated at 15 min, or during the apparent transient
flow period noted above. In 50 of the 53 exper-
iments analyzed by the authors, fish were still
swimming in the flume at termination. In 10 of

the 24 experiments with striped bass, for ex-
ample, over 50% of the test fish were swimming
in the flume at termination, yet in each case the
"diversion efficiency" (the presumed effective-
ness of the angled barrier screen in diverting fish
into the bypass) was scored as 100%. In five cases,
as few as one-fourth of the test fish had been
bypassed when the experiments were cut off, but
the corresponding diversion efficiencies were still
scored as 100%. With regard to the fish remain-
ing in the flume, the investigators say on page
16 of the report:

"Non-bypassed fish (those still swimming in the
flume) were removed from the flume at the end
of a test, but they were not held for mortality
studies; however, they were included in the cal-
culations of efficiency."

This is a curious instruction. In every case the
numbers of fish remaining in the flume were sub-
tracted from the calculations as though they had
never entered the experiment. Efficiency E is de-
fined (page 17) as

Number Bypassed
"E =-1

(No. Tested) .- (No. Non-Bypassed)

But the quantity of fish still swimming in the
flume (the "No. Non-Bypassed") subtracted from
the original sample size (the "No. Tested") equals
the numbers bypassed. The denominator of E is
identically equal to its numerator, irrespective of
the quantities bypassed or left swimming in the
flume. The ingenious practice of discounting the
undetermined portion of a test sample allows the
investigators to make the following claim (page
17):

"... the efficiency E of the device in diverting
fish into the bypass... was typically 100%."

The ultimate effectiveness of a diversion sys-
tem in conserving fish life is presumably mea-
sured by an index of survival ET, a quantity
called the "total efficiency" or the "system effi-
ciency" (as opposed to "total diversion efficien-
cy" (I]) and customarily defined (as it is in the
Alden report) by the formula

ET = E(l - in). (2)

This is the equation employed in the calculations
of the quantities listed on Table 3.1 of the Alden
report under the heading "96-hour total efficien-
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cy." Quantity E of (2) is the diversion efficiency
estimator discussed above; m is defined as "the
mortality attributable to the system" (although
m does not include the impingement mortali-
ties), or

fi = MT - MC,

Mc being the fraction dying of a control subset
held apart (usually for 96 h) from the test fish,
and yM the fraction dead (or dying within 96 h)
of the fish that pass through the bypass. Quan-
tities E, m, and ET are employed as probability
estimators, and each therefore should satisfy the
general inequality 0 -< X -< 1, which they do not
(see Appendix C).

Quantity E.1 is regarded as the measure of the
system's success in conserving entrapped fish (or,
the chance that a fish entering the intake system
will bypass the system alive), but the estimating
procedures adopted for the Alden (and similar)
flume experiments cannot possibly reveal the true
correlations that link those chances with the ex-
perimental variables. The practice of scoring in-
complete experiments as perfect or nearly so in
diversion efficiency only confounds the correla-
tion testing and frustrates the very purpose of
the project.

But even if these kinds of experiments were
run to conclusion, little could be gained with the
customary estimators, owing to their inability to
reflect even time dependence. The events of in-
jury, death, ard escape are governed by time-
dependent, density-dependent, and displace-
ment-dependent distributions, and no linear
statistical analysis or invariant estimators like
those of the Alden report should be thought ap-
propriate to such experiments. From plots of the
recovered laboratory data, it is obvious that the
bypassing rates were nonlinear and dependent
over time t on the (changing) size of the test
sample, or that

-dN = f(N),
dN

N(t) being the test population swimming in the
flume. The nature of that relationship (and its
extension to displacement dependence) is ex-
plored in other sections of this paper.

Full-Scale Operating System

In tests of full-scale systems, the estimators (1)
and (2) arc also employed as the indices of effi-

ciency, but the experimental samples are col-
lected, at various intervals, from the fish drawn
(in unknown numbers) into the intake system
from the source waters. On occasion, marked fish
are placed directly in the intake flume or screen-
well. Typical of full-scale studies is the 9-month
sampling program on Unit 6 of the Oswego pow-
er station by Lawler, Matusky and Skelly (1 9811b).
As stated on page 1.0-1 of the Lawler, Matusky
and Skelly (LMS) report, the purpose of the study
was an evaluation of

the effectiveness of the fish diversion system.
... The effectiveness of the system is defined
by the ability of the system to divert, alive, the
fish entrapped in the circulating cooling water
from the primary screenwell back to the source
water body .... These initial studies concen-
trated on survival subsequent to passage through
the diversion system but prior to transport back
to the source water body."

At the Oswego station, cooling water from Lake
Ontario is drawn into a submerged, cylindrical
intake (a "velocity cap") and thence through 366
m of tunnel to the primary screenwell. The water
velocity through the tunnel is about 182 cm/s.
The primary screenwell is 11.3 m wide and di-
vided into two intake bays (Fig. 6). Water depth
in the screenwell varies between 7.3 and 10.1 m.
Each bay is equipped with three angled intake
ports, each 3.05 m wide. One port of each bay
is closed off; the open ports are equipped with
vertical travelling screens angled 250 to the in-
flow. Each intake bay is equipped with a pumped
bypassing slot, 15 cm wide and located at the
apex of the acute angle between the dividing wall
and each downstream barrier screen. The by-
passes enter a common conduit that leads to a
small secondary well from which the bypassed
fish are drawn for their passage back to the lake.
The return flow from the secondary well may
also be diverted into a collection basin for fish
sampling purposes. The flow through the barrier
screens is somewhat irregular in distribution and
varies over the extent of the screen arrays from
about 30 to 65 cm/s. The entry velocities at the
bypasses were said to be on the order of 60
cm/s.

Samples of the fish drawn into the intake sys-
tem were collected intermittently over 9 months,
April-December 1981. Fish diverted into the
collection basin were classified as live, stunned
(injured), and dead (those exhibiting no oper-
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the lives of the entrapped fish. It is the custom
in reports on fish-diversion experiments to em-
phasize these indices, and very often the total
mortalities imposed by the system are not re-
ported.

The display of results in the LMS report is not
easily interpreted. For the reader's convenience
I have reproduced their Table 3.0-8 "Monthly
total plant efficiencies," with an appended mor-
tality column, as Table D- I in Appendix D. The
entries on the LMS table are values apparently
extrapolated from small samples; the actual
quantities of fish collected are not reported. Be-
cause the information from the Oswego study is
useful in the context of the probabilistic models
outlined in the next two sections of this paper, I
have recalculated the survival, mortality, and
morbidity measures of the various tables from
the LMS report so as to accommodate those re-
quirements (Table D-2, Appendix D).

The tagging experiments carried out by LMS
at the Oswego plant are also important because
they give us some idea of the residence times of
fish entrapped in full-scale systems. Varying
numbers of marked (fin-clipped) brown trout,
white perch, smallmouth bass, yellow perch, white
bass Morone chrysops, rock bass Ambloplites ru-
pestris, and bluegills Lepomis macrochirus were
released directly into the primary and secondary
screenwells of the intake system. The bypassing
flow was monitored continuously for a 48-h test
period after release, but marked fish were re-
covered over much longer periods. Table 3.0-9
of the LMS report gives the recovery totals of
marked fish. Although Table 3.0-10 purports to
give the overall survivals of recovered fish, the
impingement mortalities are excluded from those
calculations, and the survival statements on page
3.0-24 are incorrect. The tagging data from the
LMS study, including the correct mortality fig-
ures, are summarized in Appendix D, Table
D-3, of this article. In four of six cases, over 50%
of the marked fish remained in the screenwell
beyond the 48-h test period.

From the tagging information we gain some
idea of the mean residence times of fish drawn
into full-scale diversion systems. Owing to the
obvious nonlinearities of the (cumulative) re-
coveries of marked fish, a geometric distribution
gives us less erroneous results than a linear
regression on recoveries. Therefore, I have es-
timated mean residence times of the marked fish
from the quantity 1/X where

FIGURE 6.- Intake structure, Unit 6 of the Oswego gen-
erating station, Lake Ontario (Lawler, Matusky and
Skelly 1982b).

cular movement). During the sampling periods,
the impinged fish (the fish caught and held by
the barrier screens) were also collected and
counted. The diversion efficiencies of the system
were quantified by index (1), the ratio of by-
passed fish (dead and alive) to the sum total of
collected fish (impinged plus bypassed). This ra-
tio, or nonimpingement index, is the basis for
all quantities bearing the designations diversion
efficiency, total diversion efficiency, successfully
diverted, overall diversion efficiency, and mean
monthly diversion efficiency--not to be confused
with the "efficiency" of the system in conserving
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e-Nt = B(t)
S

is the fraction of marked sample S unrecovered
at time t (=48 h for the test period) and B(t) is
cumulative recoveries. Thus, for the white perch,
S = 23, B(48) = 11 (0 live, 11 dead), and the
estimated mean residence time for the marked
white perch becomes

-48/loge 1.'-- ] 73 h.

In a similar fashion, the estimated mean resi-
dence time is 295 h for the smallmouth bass, 20
h for the yellow perch, 200 h for the brown trout,
76 h for the white bass, and 41 h for the rock
bass-bluegill group.

Time-Dependent Risk Analysis

The failures of full-scale diversion systems to
bear out the extrapolations drawn from small-
scale test flumes are attributable, at least in part,
to the misconceptions addressed in preceding
sections of this article and to ill-framed esti-
mators of the probabilistic events that should
apply with commonality to diversion systems
large and small. A search of the conservation
literature turned up no probabilistic analysis ca-
pable of taking into account the time- varying risks
that might apply to fish passing through an intake
and diversion system, and none in which com-
peting risks could be separated sufficiently well
for distinguishing between the risk of death and
the chances of escaping that risk. Although no
experiments seemed to have been designed with
those purposes in mind, some empirical infor-
mation does exist to guide us along here in the
construction of a time-dependent risk analysis.

The analysis of this section applies to the gen-
eral case when sample size is known (as in the
Alden test flume studies or the mailking experi-
ments of the Oswego study), but the analysis is
system-specific. That is, it will apply to com-
parisons between devices (tests on angled bar-
riers of various angles, say) in a given system,
but because it contains no displacement (or space)
variable, it does not extend to predictions of out-
comes between systems of unlike sizes. Exten-
sion of the analysis to both time and space de-
pendence is treated in the next section.

As our means for distinguishing between the
competing risks that govern the passage of fish

through a given intake and removal system, we
can devise two thought experiments from which
(it is hoped) we can construct a valid set of prob-
abilistic statements. As our first step, we consider
t6e time-dependent accruals of deaths (mortal
injuries) of entrapped fish. We specify our ex-
perimental variables (species and sizes of fish to
be tested, inflow velocity, water temperature, and
so on); we then put into the intake flume a sample
of S-many fish (or, as desired, n-many samples
S1 , S2, . .., S,, of differing species or sizes). In
this first experiment the intake flume is blocked
by a barrier device (of any configuration we care
to test), but the fish have no means of escape,
the effects of the escape route being a part of the
next experiment.

In our first experiment we leave the fish in the
screenwell until all are injured (or dead). We now
want a time-dependent description of the ac-
cruals of those deaths and injuries, and although
no experiments of the kind we require have been
reported, some evidence of the process can be
inferred from marking experiments and test flume
experiments (Stone and Webster 1977; Alden
Research Laboratory 1981; Lawler, Matusky and
Skelly 1982b, and the information in Appendices
C and D). As a note of clarification, the desig-
nation "live" (as in "live and uninjured") shall
mean here a fish uninjured and swimming in a
manner natural to its species, whereas "injured"
(as in "dead or injured") shall mean a fish in-
cipiently dead, bearing visible trauma, or swim-
ming erratically. The observation of importance
in this experiment is the occurrence of injury,
not the survival duration following it.

For the sample S of our first experiment, we
let /jt signify the time-dependent probability that
an individual of S survives without injury, with
the condition that 40 = 1, and that bt - 0 as t
becomes large.:We impose the latter condition
on (pt because we expect all members of S to
eventually suffer death or injury. At any time t
during the experiment we expect S.-0, individ-
uals to be alive and uninjured. Thus, the cu-
mulative expected deaths or injuries M at time
t becomes

ov
Pc
PC
pr
di

(s
d(
IT

I
4k

M(t) = S - S.0, (3)

and the corresponding distribution function for
deaths and injuries is

PMf(t) = I - of,

Should the death and injury "rate"

(4)
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over successive time iincrements be a simple
Poisson process with parameter A (constant risk
per unit time of mortal injury), then survival
probability Ot reduces to the simple exponential
distribution

The parameters g and c of(5b) and,(7b) are em-
pirically derived by substituting (5b) into (3) and
taking a regression on the experimental obser-
vations. The random variable (T, say) of either
of the distribution functions (7a) or (7b) is the
time after introduction of sample S that a ran-
domly designated individual of S suffers injury
or death, where

PM(t) = Prob[T • t]ot = e-"P1

(see, for example, Feller 1957), and the obse
deaths and injuries should accumulate app
mately as

M(t) = S(1 e-W)

where
• ~~PM =lI- e t ..

In practice, the parameter A of(5a) and (7a),o
be determined empirically from a regressi;
(6a) on the experimental data (the observe
cumulations of deaths and injuries).IDeaths and injuries might accrue in a(
with some distribution that differs markedly
the specified Poisson process, but the natu
the events in question (the chance of dea'
injury), together with the existing data (as si
as they are), tends to support the choice, at
for the systems examined. In some cases,
ever, especially for low intake velocities and I
species, deaths and injuries accumulate

.•slowly at first (survival probability rema
high) but then increase more rapidly (appar

owing to the onset of exhaustion) after the
ner of a Poisson process. For such cases I
postulated a delayed process having the fot

c+let ,C + elut

with parameter c providing the delay in th
cline of survival.probability over time. Pa
eter c may take on any suitable positive v
the greater the value of c the greater the del
the accumulation of deaths and injuries.
properties of a distribution function like th
(5b) are examined in Appendix D. With (5
place of(5a), the probability distribution for
and injury becomes

c+ I

(Sa)

erved for any time t we care to name.
roxi- At the conclusion of the first experiment all of

the original fish are removed andexcluded from
further experiments. For the second experiment

(6a) we restore or introduce the desired means ofegress
,(the pumped bypass or other mieans of escape).
We again put into the intake flume a srmi1ple, of

(7a) S-malry fish (or the n-many combinations of
species or sizes) as identicali as possible to the

'ould first sample S.. As the:.system is operated, fish

on of will be impinged, bypassed, or otherwise re-

d ac- moved (alive, injured, and dead) at some time-
dependent frequency. It is that frequency .(and

-cord its summation) we now wish to determine;

from Although our second experiment is similarin

re of some respects to the usual demonstrations of di-

th or version efficiencies, we are riot interested here in

parse quantifying-the physical absence of fish from the

least meshes of a barrier screen. A diversion efficiency,

how- as customarily measured by (1), may be a good

iardy index of the self-cleansing properties of a barrier

very screen, but whether a killed fish passes into the
ining, removal system for disposal or becomes im-

ently pinged (affixed to the screen) and removed by

nan- other means for disposal is a distinction of little

have importance in the context of our risk analysis.
Let us remember that our population of interest,

N(t) say, consists of the live, uninjuredfish/sivki-
Initig in the screenwell. It is their fate that de-

(5b) pends on ithe probabilities of stayinig alive and
getting out of the screenwell 'urihtuit, so let. us

e de- consider howitheir numbrs are reduce•d..

ram- In our second experiment, fish depart popu-

alue; lation N(t) by two processes, one by death or

ay in injury (whether removed from the screenwell or

The not) and the other by escaping uninjured by means

.at of of the removal device. Experiment I was de-

b) in signed to give us the probability of entrapped
leath fish surviving death or injury in the absence of

any other agency of reduction. That .is, proba-
bility 01 applies explicitly to the individuals NQ)

(7b) that remain in the screenwell uninjured' and.
swimming. But N(t) is also being reduced now
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by the exits of uninjured fish, those events hav-
ing, say, a probability distribution 1 - 0t. Thus,
Ot is the probability of remaining in N(t), and in
that regard 0t is similar to a survival probability
[at least as it influences the size of N(t)]. There-
fore, in experiment 2 at time t we expect

N(t) = S. tOt(8)

individuals to be uninjured and swimming in the
screenwell. The expected cumulative "exits" from
S (live, dead, or injured, bypassed, impinged, or
traumatized) is

B(t) = S - N(t), (9)

which has the associated probability distribution

PB(t) = 1 - Mi. (10)

We want to extract two probability statements
from (10), one describing the likelihood of fish
escaping uninjured from the intake system and
one describing the probable distribution of deaths
or injuries. We accomplish the separalion by dif-
ferentiating (10) and then re-integrating, which
gives us the probability density function for the
frequency of live exits

from sample S and S' PD(t) to have suffered death
or injury.

We now seek an appropriate functional form
for probability distribution 0t. But unlike the pro-
cedures of experiment 1, where we were able to
deduce the form of survival probability 4, di-
rectly from experiments, independent of the in-
fluence of probability Oi, we cannot accomplish
the converse. We cannot directly determine the
form of escape probability I -- 8, independent of
deaths and injuries. Experiment 2 gives us in-
stead the combined results of these probabilistic
events, so it is from the results of both experi-
ments that we must extract the form of 01.

Let us suppose we have run experiment 2 to
our (statistical) satisfaction; we have recorded the
live exits and those of S dead or injured on some
regular sequence of time intervals i. Thus, we
have a sequence Bi of numerical estimates of
B(t), as well as'those of SPL(t) and S.DI(t).
Accordingly, our experimental measures of dis-
tribution PB(t) over intervals i become

=B_.

bypassing frequen
test systems where
C), and from the
next section, the (

seems well suited
of escape, at least
fish stand against
and by random e;
of encountering V
now write

A(t) = -Of1 doi
dt

and since distribution PB(t) has the general form
of (10), our experimental estimates of product
(p)01 are given by

and the density function for death and injury
0= 1 ,

d9(t) = -t dt 4t (12)

(whether the affected fish remain impinged on
the barrier screen or pass through the same re-
moval system as the uninjured). The probability
distribution PB(t) for fish departing population
N(t) can now be expressed as the sum of the
probability PL(t) of live (uninjured) escape and
the probability PD(t) of death or injury:

But function 4)t is known from experiment 1.
Therefore, the data on B(i) from experiment 2
are converted to empirical measures of proba-
bility distribution Ot as

where dOt/dt = -
parameter X refie
the screenwell u,
dicate that X is g,
a larger one of

* probability that

(15) is simply

A formal reduct
son distribution

As occurred d
periments, fish
before the barrk
and Bates and V
species as tendi
initial encounte
from the screel
but then increa!
of (15). With t
for such delays
probability Ot t,

J The properties
dix B. The infl,
seen from the

Because of t]
the probability
injury, or both,
a fish's chanc(
uninjured, cou
combinations.

Case 1, no c

f-Bi)w
(14)

PfiMt= PL(t) + PD(t),

where

PLO) = ,f f(t) cit,

From regressions on this time sequence of esti-
mates we extract the most likely form of distri-
bution function 0t. The measured proportions
S.P(i) of uninjured escapes and S KPD(i) ofdeaths
and injuries then provide the means for verifi-
cation not of the validity of determined function
0, but of the similarity of conditions (the con-
stancy or inconstancy of the experimental vari-
ables) between the two experiments.

Because the kinds of information we need here
do not yet exist, we cannot extract applicable
forms of Ot by the methods described above. But
from such evidence as incidental films of fish
swimming before a screen barrier, from recorded

and

PD t

PDWt = fog(t) dr.

Therefore, at time t we can expect a total of
S-PL(t) individuals to have escaped uninjured Case 2, dela
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bypassing frequencies of live fish in small-scale
test systems where mortalities are low (Appendix
C), and from the random-walk .analysis of the

next section, the density pattern

Xe-A (15)

seems well suited for describing the frequencies
of escape, at least for some tested species, where
fish stand against the flow before. a barrier screen
and by random excursions increase their chances
of encountering the escape route. By (11) we can
now write

f(t) =

where dOt/dt = -Xe-Xt, and it is obvious that
parameter X reflects the rate at which fish escape
the screenwell uninjured. All reported data in-
dicate that X is greater in a small system than in
a larger one of similar geometry. The escape
probability that corresponds to density pattern
(15) is simply

(c + l)e'Xt
PN(t)= c +- etA (17b)

Case 3, delay in escape, no delay in mortality:

(k + 1)e-'t
PN(t)- k + ext (17c)

Case 4, delay in mortality, delay in escape:

(c + 1)(k + 1)
[c + eul][k + ext] (17d)

Case 1: No Delays

For case 1, probabilities ý, and 0t have the
nondelay forms (5a) and (16a); then, by (17a),
the expected size of the (uninjured) screenwell
population at time t becomes

SN(t) = Se-IW+x)t. (18a)

The expected cumulative departures from N(t)
now become

0t = e-M. (16a) BQt) = S(1 -e-) (1 9a)

A formal reduction of (15) from a general Pois-
son distribution is given in Appendix A.

As occurred during the Alden Laboratory ex-
periments, fish of some species tend to stand
before the barrier screen for long periods of time,
and Bates and Vinsonhaler (1956) describe some
species as tending to avoid a bypass current on
initial encounter. Because of such behavior, exits
from the screenwell accumulate slowly at first
but then increase in frequency after the manner
of (15). With the simplest analytical provision
for such delays incorporated into (I 6a), escape
probability 0t takes on the altered form

k+ I
- k + eAt ((16b)

where -y = 1A + X. Should the removal system be
a total failure at conserving entrapped fish, then
X= 0 and 7y = Ai. Should it be a total success, then

= 0 and -y =X.
The random variable (Y, say) of our second

experiment is the time that a randomly desig-
nated individual of S departs N(t). Thus, with
PB(t) as the distribution function that describes
the probability of departures (live, dead, or in-
jured) in the following way,

PB(t) Probty :5 1]
= 1 - Prob[Y > 2]

- 1 - PN(t)
= 1 - et

then Y has the probability density function

dPB

and the expected mean residence time of fish in
the screenwell is

E[Y] f le "I dt

- - (20)

(which is also the assumption behind the mean
residence estimates, shown in the previous sec-

I

The properties of (16b) are examined in Appen-
dix B. The influence of delay parameter k can be
seen from the regressions of Figs. 7, 8, and 9.

Because of the possibilities of delays in either
the probability of live escape, the probability of
injury, or both, the probability PN(t) that governs
a fish's chance of remaining in the screenwell,
uninjured, could take on any one of four possible
combinations.

Case 1, no delays:

PN(t) = e-(MX)I. (17a)

Case 2, delay in mortality, no delay in escape:
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tion, for the marking data from the Oswego study).
By (11) the density function for the frequency of
live exits becomes

f(t) = Xe-Xte-A'

and by (12) the density function for death and
injury is

g(t) =ye-text.

Thus by (13),

BWt = X C7e- dt + J e 'Y dt,

and the probabilities of interest become

PL(t) =-(1 -- e-'"), (21a)

(which is the probability distribution for live ex-
its) and

PD(t) = -(1 -- e-'Y) (22a)
7

(which is the probability distribution for death
and injury). Population N(t) is reduced accord-
ingly in the proportions

.B(t) = S.PL(t) + SJD"o(t).

Case 2: Delay in Mortality,
No Delay in Escape.

Should the experiments reveal a delay in the
accumulation of deaths and injuries (experiment
1), but no delay in live escapes (experiment 2),
then ot and 0t take the forms (Sb) and (I 6a), and
PN(t) is given by (17b). Therefore,

N(t) ,(c + 1)e (18b).c + e~t

and the expected cumulative departures (im-
pinged and bypassed, live, dead, and injured)
become

B S (c + 1)e-Lt
B(t) SL c-+e- (19b)

with M and c known from experiment 1. Param-
eter - is determined from a regression of (19b)
on the observed Bi of experiment 2. The value
of X is then estimated from the relationship X =
-( - u. The shapes of the regression curves are
influenced by extended probability (7b), but (7b)

has its greatest influence on the proportionings
between the live escapes and the dead and in-
jured, S'PL and S'PD. Those distributions are
resolved after the manner of (11), (12), and (13)
as before, or

PL(t) = X(c + 1) j e\' di

= c + e)t'

PDW= AC +1)t e(u-%)t dt
Po~t)= U~ + 1 (e + e-t)')"

(21b)

(22b)

I have nol
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7: constU
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X: constz

Case 3: Delay in Escape,
No Delay in Mortality

Should death and injury (experiment 1) follow
a simple exponential distribution, but live fish
exhibit a delay in escaping the screenwell (ex-
periment 2), then Ot and Ot take on the forms (5a)
and (16b), and PN(t) has the form (17c) shown
above. Therefore.

N(t) = (k + l)Se-1tN~) k + ext '

and, as before, B(t) = S .. N(t). The dis
tions PL and PD in turn become

PL(t) = A(k + 1) f (k e)2' di

= .i(k + k) +f

+ o k + ext

Case 4. Delay in Mortality,
Delay in Escape

Should experiments I and 2 reveal a de
the accumulation of deaths and injuries a
as a delay in live escapes from the screer
then ot and 0, take on the forms (5b) and
and PN(t) becomes (17d). Therefore,

N() = (c ÷. l)(k + 1)S
(cw + c#C+ e

PL(t) = ÷ +) + +

)= X(c + 1)(k (c + e~t)(k +

and

=)f + eut dt) (c + 1)(k + (k + e~t)(c +
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I have not sought closed forms for equations
(21b, c, d) and (22b, c, d) because their basic
forms cannot be resolved in terms of elementary
functions (Tchebycheff 1853). They can, of
course, be approximated with asymptotic series
or evaluated numerically, depending on the de-
sired application. In each case, their sum (1 -
PN) is known exactly, so once PL or PD is re-
solved the other is known immediately.

Douglas Robson of Cornell University has
suggested a refinement for the distribution func-
tions of case 1. Robson's refinement permits a
separation of the probabilities 'of injured escape
and uninjured escape, which could be useful in
accommodating the information from survival
tests. Robson adds a third parameter 17 to u and
X, and gives these definitions:

q: constant risk (chance per unit time) of in-
jured escape;

X: constant risk of uninjured escape (as before);
A: constant risk of death or mortal injury (as

before);
,y = it + X (as before).

Thus, if the distributions (5a) and (16a) of case
I apply thený random variable Y has the proba-
bility density function

dPB(t) = Xe--Yt dt + [f' ue--Yx dx.e-(t-x) dt.

(23)

Integration of (23) from zero reference time (the
start of the experiment) yields the distribution
function

P(t)=-(, -e't)+ •( V)

(e-?t - e

(24)

the first term of which is distribution P 1 (t) and
the second PD(t). Robson's form of PD(t) allows
a backtracking of mortal injuries, so to speak,
and would be especially useful when the actual
occurrences of injuries were not known, or,
equivalently, when survival tests for all bypassed
fish were commenced simultaneously (at termi-
nation of the experiment, in particular), irre-
spective of the actual times the fish were by-
passed.

Applications of the
Time-Dependent Analysis

Although the Alden experiments (Alden Re-
search Laboratory 1981) were not designed to
accommodate the separation of time-dependent
risks, a few of the experiments, when supple-
mented with the recovered laboratory data (Ap-
pendix C), can be adapted to the time-dependent
analysis of this section. The data from most of
the experiments with non-zero differential mor-
talities are confounded by inseparable delays in
either deaths or live escapes, so I have selected
three sets of data for regression analysis in which
differential mortalities were zero (at least to the
termination of the experiment) and relatively few
fish were left swimming in the flume (Figs. 7-9).
These regressions show three magnitudes of de-
lay in live escape (extended, moderate, and short).
A fourth set of data from the Alden series (ex-
periment 13) is especially instructive because the
data (apparently) permit a separation of the dis-
tributions PL(t) and PD(t) (Figs. 10, 11).

As remarked previously, virtually all the data
sets of the Alden study reflect an "initial wash-
out" of test fish, which is apparently an artifact
of the experimental methods or the effect of an
overcrowded flume. The washout effect is repro-
duced analytically in another section of this ar-
ticle. For the data of Figs. 7-9, the regression
formula is

"eQ'-Ot dt
(k + e?\t)2

e-t cit

(21 c)

(22c)

.A'ortalitv,
;,ape

d 2 reveal a delay in
*and injuries as well
from the screenwell,
orms (5b) and (16b),
'herefore,

I)s
eXt) (18d)

eXt dt

(c + e't)(k + eA')
(21 d)

eu't dt
(k + eu&)(c + eAt)

(22d)

I

I

(k + 1)(S - W)
N(t) = k + ex(tt,) (25)

which is merely an adaptation of (16b). Quan-
tities Wand to are regression values that accom-
modate the initial washout. In general, the cu-
mulative delay period td from (16b) (adjusted
here for to) is given by

td =-loge(2+ 1)+ to.2 (26)

Figure 10 shows a regression of (I 8a) on the
decline of test population N(t), Alden experi-
ment 13, again with the regression adjustments
to and W, or

N(t) (S - (27)

Figure 11 shows the associated trajectories of
B(t), PL(t), and PD(t). As described in the cal-
culations that follow, the projected probability
for total live escapes is 68.7% of the sample, or



670 FLETCHER

FIGU(RE 7. -Regression of equation (25) on data qfAlden experiment 2 (Appendix C), illustrating extended delay
in escape offis/h from the test flunte, Test species Atlantic menhaden; screen angle 45°; water velocity 30 cm/
s; water temperature 20.5°C. Regression values: k = 142,410.4, X = 1.437/h, S - W = 153.14, to.= 1.83.
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S=204.
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FIGURE 9. -Regression of equation (25) on data of Alden experiment 15 (Appendix (Q, illustrating brief delay in
escape offish from the test flume. Test ,species white perch; screen angle 450; water velocity 30 cm/s; water
temperature 12,9°C. Regression values: k = 1.9238, X ? 0.5436/h, S - W = 173.43, to = 0.25.

20 percentage points lower than the reported Al-
den value of 89% for total efficiency E7 . -From
the Alden report and the laboratory data the fol-
lowing calculations can be made.

(a) Differential mortality in = 0.11 and sam-
ple size S = 207 implies that 0.11(207) = 23 fish
suffered lethal injuries. One fish was impinged.
Therefore, at termination time 5.25 h, 23 + 1 =
24 fish were dead or injured.

(b) At reference time to = 0.25 h, washout W =
110; at termination time 5.25 h, N(observed) =

18 fish.
(c) With S- W = 207 - 110 = 97, there

were 97 - 18= 79 cumulative exits from S -
W at 5.25 h, of which 79 - 24 = 55 were live
escapes.

Accordingly, the direct estimates of the prob-
abilities of live escape and of death or injury at
the termination of the experiment are

24
PD(5.2 5 ) = - = 0.247, and

97

PL(5.2 5) = = 0.567
97

(see Fig. 1t). From (22a), parameter A can be
resolved as

= yPD(t)
-1 - 70-0

(28)

Therefore, with PD(5. 2 5) = 0.247 from the data,
with to = 0.25, and with 1 = 0.3114 from the
regression of(27) on the observed data (Fig. 10),
the estimate of A from (28) becomes

4 = 0.0975/h,,

and we have

- = 0.2139/h.

FIGURE 8.-Regression of equation (25) on data ofAlden experiment 3 (Appendix C), illustrating moderate delay
in escape offish from the test flume. Test species Atlantic menhaden; screen angle 45*; water velocity 30 cmn/s;
water temperature 23°C. Regression values: k = 97,518, X = 0.9838/h, S - W = 160.85, to = 1.42.
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FiGtUZRE 1 l.-Reg'ressions on data of Alden experiment 13 (Appendix C) showing cunmulative departures B(t).

probable live escapes (S - W)PL(t), and probable cumulative mortalities (S - W)PI)(t). Regression values:

0.0975/h, X = 0.2139/h. (See also Fig. 10.)



RISK ANALYSIS FOR FISH DIVERSIONS 673

Thus, the trajectories of the time-dependent dis-

tributions of Fig. 11 are given by

PL(t) 0.2139 [1 - e-0° 3 1 14(t- 0.25)];

0.3114

PD(t) = 0.3 [1 - e-0"3 1 14(t-'.25)].

At the time of the projected departure of the last
fish from sample S - W, the expected propor-
tionings between live escapes and deaths (or
mortal injuries) become

PL(14) =_X;;- 0.687

PD(14) = =0.313#+

= 68.7% live escapes;

showing decline of the
water velocity 30 cm/s;
25.

= 31.3% dead, injured.

Large versus Small Diversion Systems

The reported results of diversion experiments
in small-scale flumes extend with little reliability
to full-scale designs, an apparent consequence of
the differing risks of exposure to the risk of death
or injury. Those size-related dissimilarities are
examined next. Because it is the more vulnerable
species that concern us the most, the' simpler
case-I equations seem to be suitable distribu-
tions from which to draw our lessons here, which
are not too greatly altered by the more complex
distributions. In practice, of course, simplicity
should not be imposed on the experimental data
if complexity is warranted. Depending on the
mix of species involved, all four sets of distri-
butions might be needed for making sense of
some systems.

With the case-1 probabilities (5a) and (16a),
parameter IL is our index for assessing the risk of
death or injury and X is our index for assessing
the exposure to that risk. The greater the value
of g the greater the risk of death or injury; the
greater the value of X the lesser the exposure.
Their combined effects for the case- I equations
are given in the ratios M/-y and X/'y.

Suppose we are comparing two systems, sim-
ilar in design but unlike in size, one a small-scale
test facility and the other its full-scale prototype,
each equipped, let us say, with a pumped bypass
and angled barrier screen. Their (unlike) volu-
metric intakes are adjusted for equal flow veloc-
ities, sample sizes are adjusted for equal spatial
densities, and all other experimental variables
are alike. In the absence of some of the empirical

data we need, we assign values to our distribution
parameters that appear to be representative of
typical ranges of risk and exposure conditions.

First consider thought experiment 2. From the
cited reports on residence times of marked or
captive fish in large and small systems, the data
show that fish of all species exhibit residence
times of some duration in the screenwells of di-
version systems both large and small, but that
residence times of like species are considerably
greater in the larger systems. On the basis of the
marking experiments from the Oswego study
(Appendix D) and the recovered data from the.
Alden experiments (Appendix C), let us choose
3 h as a representative mean residence time for
our small system, and 45 h for the full-scale sys-
tem.

Consider thought experiment 1. Our statistical
individual, when introduced to either system,
swims ahead of the barrier screen, against the
inflow; as time passes its chances of suffering
death or injury continue to increase. Because the
fish has no means of escape, its eventual demise
is certain in either system, but would its death
or injury occur any sooner in one system than
in the other? Probably not.

For want of contrary evidence or rationale, we
must suppose that risk parameter At (chance of
death or injury per unit time of exposure) has
equal values for the two systems. Rough esti-
mates from the mortality data from several stud-
ies (Stone and Webster 1976, 1977; Alden Re-
search Laboratory 1981) suggest that a half-life
on the order 60 h (the time when half the fish of
a test sample have suffered death or injury) would
be a representative figure for many species (and,
in turn, for the fish of our experiment 1, both
systems). A half-life of 60 h implies a mean life
expectancy (or a mean residence time without
death or injury) of 86.6 h. These "findings" give
us the value 0.012/h for 1. In summary, we have
chosen our parameter values for the two systems
in the following way:

99.

58'

)m NQ

Vtive departures B(t),
). Regression values:

! Parameter

log&2
60 h

I=

Small
system

3h 0.333/h

0.012/h

86.6 h

Large
system

0.022/h45 h

0.0 12/h

86.6 h

0.321/h 0.Ot0/h
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Although the hazards of the two systems are equal
for equal exposures, the differences in probable
exposure times have a great influence on the pro-
portionings of fish into live escapes and mortal-
ities. The probability distributions for those pro-
portionings over time are given for case 1 by
(21a) and (22a). Thus, for our smaller system,

PL(t) = 0.964(1 - e-. 33 31),

PD(t) = 0.036(1 - e 0.333t).

while for the larger,

PL(t) = 0.455(1 - e-0"2)

PD(t) = 0.545(l -- e-.0221). .

At the mean residence times k of the fish (when
63.2% of sample S has passed through either
system), and at the end of the tests (when all fish
have passed through the systems or been im-
pinged), the expected proportionings are

Fate
At R

Live escapes:
0.632X/-y

Dead, injured:
0.632Wy

Final
Live escapes:

XPY

Dead, injured:
IL frY

Small
system

61%

2.3%

96.4%

3.6%

creasing g) with increasing system size would
account for the longer observed residence times
in large systems than in small ones, the reduction
in unit risk would also reduce the accumulated
deaths and injuries to proportions less than those
of smaller systems, a consequence contradicted
by all reported evidence.

Thus, we are forced to conclude that the ex-
tended residence times of full-scale systems are
owed not to reduced risk of death and injury but
to decreased opportunity for escaping that risk,
a consequence of the conservation system whose
purpose is to bring about the opposite effect. As
the experimental evidence confirms, the suc-
cesses of small-scale models in conserving test
fish are not preserved in geometric similarity.
The move to steeper barrier screens and extend-
ed forebays seems to be a futile way of pursuing
efficiency, because the exposure of fish to risk of
injury (the chance of forcible contact with the
barrier screen) is apparently increased by such
measures, not reduced.

The foregoing risk analysis is applicable to
comparative tests, device against device, screen
angle against screen angle, in a given setting. And.
while the analysis also clarifies the qualitative
dissimilarities between large and small systems,
it is limited to time-dependent problems and
time-dependent experiments. The scaling prob-
lem (the problem of projecting the probable out-
come of a full-scale design from small-scale
experiments) cannot be resolved unless a dis-
placement variable (a variable of spatial dimen-
sion) is introduced into the probability analysis
and the experimental designs. But a. problem
having two independent variables (time and dis-
placement in our case) implies a treatment with
partial differential equations.

Extension of Risk Analysis to
Two (and Three) Independent Variables

Except when fish are pressed against a barrier
screen and forced along it by the water flow,
screen angle seems to have no more influence in
directing swimming fish to a bypassing slot than
any other stimulus that might provoke random
excursions in the screenwell. The mere fact that
uninjured fish do escape over time through a
bypass could easily give one the impression that
something must be compelling fish to move in a
preferred direction. But the same result can be
extracted from a one-dimensional random-walk
hypothesis and appropriate boundary condi-
tions.

The differences between these proportionings are
attributable to the difference in expected resi-
dence times between the two systems, because
the only probabilistic dissimilarity between the
two is the duration (or chance) of exposure to
mortality risk; the risk of death per unit time of
exposure we presumed to be the same for either
system. In the absence of comparative experi-
ments (like experiment 1) for showing otherwise,
we cannot entirely dismiss the possibility that a
full-scale system might pose a greater risk of death
per unit time than a smaller for some species,
but the reported evidence (of greater residence
times in larger systems for all species tested) is
clearly against the possibility. Increase in risk of
death (increase in ji) brings about a reduction in
residence time, not an increase. Although a de-
crease in u would increase the mean residence
time, there is little reason to suppose that in-
creased system size might lessen the unit risk of
death to an entrapped fish (think about experi-
ment 1). Although a decreasing risk of death (de-
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Figure 12 depicts a fish free to move in one
dimension (horizontally, left or right) along a
barrier screen. Vertical motions do not compete
with horizontal motions in the probability anal-
ysis, because only those motions that put the fish
towards one boundary or the other enter the ob-
servations. For the sake of the argument, the
barrier screen is shown normal to the intake flow;
with slight alteration s for geometry the argument
will also apply to an angled screen.

The problem has two boundaries, one perfectly
absorbing (the bypass) and one perfectly reflect-
ing (the opposite flume wall). The fish is free to
move at random along the screenfront with lat-
eral excursions Ax in either direction, the period
between excursions being some finite time r. If,
in some random combination of excursions N,
the fish encounters the absorbing boundary on
its Nth move (to the right in the figure), then its
probability of next moving (left) in the opposite
direction and remaining in the flume is zero, be-
cause it will have been absorbed (removed) by
the boundary (by the bypass). If the fish, instead,
encounters the reflecting boundary in the same
number N(but different combination) of random
excursions Ax, its probability of next moving
(left) away from the absorbing boundary is also
zero, as it was at the absorbing boundary. Its
probability of moving (right) in the opposite di-
rection on its next move, however, is 1. The net
effect on a fish (hence, on a sample of fish) is a
greater overall probability of moving towards the
absorbing boundary and being removed than
moving away from it and remaining in the flume.
Thus, it is the boundary conditions that provide
the bias in guiding actively swimming fish to the
bypass, not the path over which they move. To
the observer counting the live fish emerging from

FIGeURE 13.- Typical angled barrier screen and bypass
in aflume with pumped inflow. The reflecting bound-
ary is at B, and the absorbing boundary at B2. Screen
length is L'; screen angle of attack is a;flume width
is L = L'sin a. Rejbrence axis x is coincident with the
screen flace; its origin is at B1. Fish excursions of
mean displacement I (=l'sin a) are measured along
the x axis.

t

the bypass, it would seem that something were
guiding fish along the (nonangled) screen.

In the foregoing process, -the rate at which fish
escape from the screenwell depends for the most
part on the lateral activity of the fish themselves;
the more active the fish the more likely their
encounter with the bypass. Screen angle might
or might not increase the rate of that encounter.
Investigators seem to be unanimous in reporting
no (apparent) differences between competing
screen angles in'the diversion rates of uninjured
fish, or even in "total efficiencies" (the overall
survivals of test fish). Nevertheless, the question
is still open and ardently debated, and we can
make provisions for the possible effects of screen
angle in the analysis that follows.

We are especially concerned here with the ini-
tial distribution of fish at the barrier, with the
flux rates of fish into a bypass, with the separation
of mortalities and live escapes, and with the re-
lationships of those variables to sample size, fish
behavior, and flume size. Our system of interest
consists of the usual assemblage (Fig. 13):

(1) an intake flume with parallel sidewalls but
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of selectable widths, and a steady, pumped intake
of water, flowing parallel to the sidewalls;

(2) a barrier screen sufficient in height to span
the depth of the indrawn water, its length L'
determined by flume width L and selectable an-
gles of attack a, where 00 < a -< 90* and L' =

L/sin a;
(3) a pumped bypassing slot against one flume

wall, admitting water at an entry velocity equal
to that of the flow through the barrier screen.

The limits of displacement x are specified by
boundaries B1 and B 2, a distance L' apart. The
flume wall at B1 is a reflecting boundary, and the
bypass at B2, is an absorbing boundary. The or-
igin 0 of the displacement axis coincides with
B1 , and x is positive in the direction of B2 .

We presume that our probabilistic fish swims
headmost into the flow just ahead of the barrier
screen and makes small but discrete excursions
of mean displacement length I (=l'sin a), at ran-
dom in either direction along displacement axis
x. The mean excursion period is r. In the most
general case, time-dependent variations in the
mean values of land T are allowed. The fish of
sample S may be released all at once (the cus-
tomary case in test-flume and marking experi-
ments) or the release may be distributed over
time.

For experiments where the fish of S are re-
leased all at once (where the residence times of
individuals commence simultaneously), the de-
pendent variable of our governing equations is
a concentration function U(x,t), which describes
the time-dependent density of fish along the dis-
placement axis between boundaries B, and B2 .
At any time t the relationship between screenwell
population N(t) (the live and uninjured) and con-
centration function U is

N(t) = U(x,t) dx.

The behavior of fish along the screenfront may
also be density-dependent, excursions increasing
or decreasing in length or frequency owing to
schooling, avoidance reactions, or even sample
size because of the effects of dense or sparse pack-
ing. With all of the foregoing constraints and
provisions, concentration function Uwill be gov-
erned by the nonlinear relationship

aU 0 [D(U, a, t)aU 3(t)- U(x,t).at, ax. x

Quantity 3(t) is a mortality rate. Except for the
mortality term and the density-dependent pro-
vision of coefficient D, equation' (29) is the lim-
iting case of a one-dimensional random-walk
process (see, for example, Barber and Ninham
1970 or Zauderer 1983). We already have some
notion of the likely forms of 3 from our previous
analysis of risk function 0t. Mortality 3 has the
definition

1 dqt/3(t)- (30)

Coefficient D is our dispersion or fish-activity
parameter, defined in the limit as

D B lim [12/sin 2(a/2r)].
lr-O

(31)

As an empirical coefficient, D is determined from
measurements of the stochastic variables 1*
E[/] and -* = E[r] in the relationship

D = l* 2/sin 2 (a/2r*).

The values of 1* and T* may change over resi-
dence time, owing to exhaustion or acclimation
of the fish (hence the dependence of D on t in
[29]). The possible density-dependent effects of
fish behavior are represented in (29) by the de-
pendence of D on U itself (to whatever extent I
and r depend on the density of fish along the
screenfront). The value or variation of D, for any
combination of screen angle, intake velocity,
species, and so on, is an empirical relationship
and can be determined only from observed ex-
cursion patterns. It is worth noting that D does
not depend directly on flume size L (or screen
length L'), but the influence of flume size may
enter indirectly into D if the mean values of I
and -r are. density-dependent. Flume size enters
the problem explicitly by way of the boundary
conditions.

For experiments where the release of fish is
distributed in some way over time, each fish or
subset of fish in S will have its own time scale
of residence (r, say) which has a zero value cor-
responding to arbitrary time t. Although we shall
not pursue. the analysis for this case here, the
analysis (and experimental design) is aided by
the introduction of a distribution function.
F(x,t, ), which describes the probability that a
randomly designated fish will be found, at gen-
eral time t and its own residence time " after
introduction to the screenwell, at a location be-
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The relationship of F to. concentration function

U and live population N is

U t(x,t,P) I(x,t, )N(t,•), (32)

and F has the governing equation

OF OF OF OF
- + - D(Ua, )-x -- l(ý).F(xt,ý).Ot O• xL x

(33)

In general, the-diversion rate (the time-depen-
dent flux) Q(t) of fish departing the screenwell
(live, dead, and injured) is given by

Except for some additional complexities arising
from the time dependencies of coefficient D and
mortality ', all of the linear problems treated

:here are resolved in a similar manner. For the
large-time solution of the problem we employ
the Fourier method, or

U(x,t) = 2; AnUn(xa), (39)

I do_,
ý)t dt (30)
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(34)

where each of the Un must satisfy the boundary
conditions (37, 38) and where the coefficients An
are determined by (36), the initial distribution
of fish along the screenfront. Therefore, by (39)
and the usual procedures of separation,

AnUn(x,t) = An(ancos Xnx + bsin Xnx)e-x"2Dt.

* Because the A, cannot be zero identically, we
must have b, = 0 in order to satisfy boundary
condition (37). With no loss of generality, we can
now set the an = 1 and apply boundary condition
(38). The eigenvalues of the solution become, for
n=0,1,2,...

In the interests- of clarity and the insight we
might gain into the dependence of residence time
on flume size, we commence our exploratory
analysis from the simplest assumptions. Let us
discount mortality and density dependence for
the moment and presume that over time all fish
of a sample S enter the bypass alive. Governing
equation (29) nowreduces to'

(2n + 1)ir
S(402L) (40)

Ou a2 U
at D 2x 2' (35)

and the solution itself now becomes

U(x,t) = 2 An,e-V"Dtcos XnX.
n=o

(41)
with coefficient D still defined by (31) but with
I and T constant. The initial and boundary con-
ditions for this special case and all other cases
considered are given by (36, 37, 38):

at t =0, U(xO) =So(x), (36)

where So(x) describes the initial distribution of
fish along the screenfront.

OU
At x =0, -= 0, (37)

Ox

which is the condition at B, that specifies a re-

flecting boundary (no flux of fish through B1 .)

At x = L', U(L',t) = 0, (38)

ýwhich is the condition at B 2 that specifies an
absorbing boundary (the fish that encounter the
bypass are presumed to enter it).

Equation (35) has the form of a simple linear
diffusion equation with special boundary con-
ditions. We show here the solution procedures
for the problem specified by (35, 36, 37, 38).

-The values of coefficients A, are determined by
the initial concentration pattern of fish along the
barrier screen. Thus, at time t = 0 we assume
that (41) converges uniformly to So(x), or

00

So(X) = U(0,x)= 2 Ancos XX.
n=0

Therefore, the Fourier coefficients of function
So(x) become, for n = 0, 1, 2.

A"- I , So(xV)cos, AXx dX.
ý,L f-l

(42)

With (42) as the n-many coefficients correspond-
ing to the eigenfunctions of (41), we can now
write solution (41) in the form

1 0 0 1 12 D

U(x,t) = -, COS XnX
L n=0

•Lj SO(X)COS X11x dx (43)
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with the X, given by (40). Solution (43) is now
useful for examining the likely form of uninjured
escapes at large time. As t increases, the minor
sums of (43) decay and the asymptotic behavior
of the solution becomes

U(x,t) I e•rDtI4L cos

LSL' S0(X)C°S Irx) dx (44)

(with the reminder that the definite integral
f [-L',L'] is a constant), Thus, at large time, the
probability of live escape from the screenwell
reduces the sample population as

N(t) f U(xt) dx0j

flux of fish into the bypass and the (changing)
distribution of fish along the screenfront will be
strongly influenced by the initial distribution of
fish as they come down the flume. We continue
here for the moment with the assumption of zero
mortality risk (# = 0), with governing equation'
(35), and with boundary conditions (37, 38). For
initial condition (36), however, let us presume
in the first instance that the fish are uniformly
distributed at t = 0, or

SOW = (48)

With these conditions the small-time solution
becomes

2 '10exp 72Dt

r 4L2 .)

U(x, 0

where

- (- l)n[erfc(-- Xn) + crfc(Xn)] , (49)
n=0

FIGUR.E
release
conditi

(45)

where A0 is the definite integral of(44). Thus the
escape of live fish (a condition of the problem)
is governed by the rate parameter

* fr2 (46) and

(2n + I)L' - x
Xn - 2(D),)a

(2n + 1)1 + x-.
X 2061'Relationship (46) reveals the factors that influ-

ence parameter X of the probability functions 01
and the data analysis illustrated by Figs. 7-11.
The L 2 term in the denominator of (46) is es-
pecially ominous. It suggests that the chance per
unit time of uninjured escape is inversely pro-
portional to the square of flume width. That is,
the characteristic time t* for movement of live
fish out of the screenwell is proportional to I /X*,
or

L 2

t* X L2 (47)D

We should not be surprised, therefore, to dis-
cover from experiments that for a given screen
angle and species, the mean residence time of
entrapped live fish increases with the square of
flume size (and with it the exposure to the risk
of death or injury).

For purposes of examination, the small-time
behavior of U(x,t) is more conveniently ex-
pressed by the method of images. For some time
immediately after the start of an experiment, the

so,

= DY'S " 1 2 -QWt 1•!/,, + 2 2; (-]1)ne- nfL"2Dti.

(50)

This result suggests that with a uniform initial
concentration of fish along the barrier screen, the
flux (the bypassing rate) of live fish from the
screenwell would be inversely proportional to
screen length (which is not surprising), but also
proportional to t'/2 (which is).

Let us examine one more case of the small-
time solutions above, but with a special initial
condition that seems to apply to experiments 35
through 51 of the Alden study. Suppose sample
S has been released in the flume in such a way
as to result in a cluster of fish around some lo-
cation x0 of the barrier screen (Fig. 14). The dis-
tance of x0 from the bypass is L' - x0 . We can
represent this initial condition with a Dirac delta
distribution 6(x - x0 ) at location x0 , or
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(-Xn) + erfc(x)J , (49)
FIGURE 14.--Left, special case of initial ftvh distribution in a flume, So(x), where sample S is concentrated on

release around location x0 (equation 151]). Right, graph of diversion rate Q(t) (equation [52]) Jbr this initial
condition.
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So W) = A~x - X) (51)
I3t + ce-1

(55)

where p is the concentration offish per unit length
of screen around x 0 . Thus, the small-time ap-
proximation of departure rate Q(t) becomes

QtW =(L' -- xo)p e(L'-xo)/4Dt (52)
2(-rD)'/2t3 /2

As indicated by the right panel of Fig. 14, the
flux of fish entering the bypass exhibits a sharp
increase a short time after release. The surge oc-
curs at a time governed by distance (L' - x 0)
and by the activity of the fish (as reflected by the
presence of activity coefficient D in [52]).

Let us now introduce the risk of death and
injury into the analysis, as well as possible time-
dependent variations of activity coefficient D.
The governing equation for U becomes

OU 02 Ua D(t) - t)U(x,t), (53)

with 03(t) defined by (30). Thus, in the case where
Ot is defined by (5a),

NO(t) = (54)

and in the case where 01 is defined by (5b),

Over time, a fish might reduce its mean excursion
steps I or its frequency of making them, owing
to such effects as exhaustion or acclimation.
Should mortality be related to exhaustion, say,
we can expect the form of D(t) to be functionally
similar to probability et. In the absence of further
knowledge, we can only suppose that D is likely
to decay in either of the following ways:

D(t) = Doe-1, (56)

which accommodates a decline in fish activity
immediately following introduction of the fish
into the screenwell; or

(b + 1)D 0
D(t) + e t (57)

which accommodates a delay in the reduction of
fish activity. In either case, v governs the rate of
decay in activity, and Do still depends on screen
angle (and so might decay parameter v and delay
parameter b).

The solutions we seek all require integrations
of 3 and D. For convenience of notation, the
integrations are given the following symbols:
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A(t) f- 13(t) dt

{4t if 0(t) is (54).

= /C + t
1oge[ -- 7.+ if 13(t) is (55).

-cI )/

asymptotic (or large-time) behavior of concen-
tration function U becomes

4S [ x 2Do(l - e't) 1
U(x,) - exp L 2

7rX, COS --2L' (61)

and the associated diversion rate of fish (live,
dead, and injured) is

2SDo
Q(t)- L,-2

K(t) = D(t) dt

D6(l eZ') i ) is (56).

if if D(Ois ((7).

For the analysis and examples that follow, (53)
is our governing equation of interest, (37, 38) are
the boundary conditions, and (36) is the initial
condition, but initial distribution So(x) will be
specified for each examined application. The
Fourier solution of the general problem specified
is now

U(x,t) = e-A(t) • An&e-X 2x(t)cos XX, (58)
n=O

where the X, take the values specified by (40) and
where the An are defined by (42). First suppose
the initial distribution of fish along the screen-
front to be uniform at t = 0. Thus, the initial
condition becomes

S.
SO = -' (59)

L'

where S is again the number of fish in the test
sample. The Fourier coefficients in turn become

4S
An (-1)(2n + 1)irL' (60)

Let us now examine a few cases of(58) that seem
to apply to the marking experiments of the Os-
wego study and to the Alden study. For the first
application, presume that mortality)3(t) =,a, or
A(t) = At (which corresponds to cases I and 3 of
the time-dependent risk analysis). But let us also
suppose that exhaustion plays a role in the be-
havior of the test species, such that activity pa-
rameter D decays in time after the manner of
(56). With these conditions on A(t) and K(t), the

[x 7r 
2D0(1 - e-'t)-

IXP L -_______
+ v)t]. (62)

But exp(e'") • I at large t, so that

>U(x,t) - e-1t,

and

Q(t) - e-(P+

The flux (the departure rate) Q(t) of fish is re-
tarded by the decrease in fish activity (as gov-
erned by parameter v of D), but the decline in
overall density of fish in the screenwell is gov-
erned by the injury and mortality process. In
turn, population N diminishes at large time as

_. L'• 8 r 7r2D0]-N(1) U(xt) dx - AexP[

(63)

and the cumulative departures from N go as

B(t) = S - N(t),

a process dominated in this case by mortality.
The results of this example reflect the influence
of the decline in fish activity at the barrier screen
and hence the associated increase in exposure to
the risk of death or injury. The process seems to
apply to the marking experiments on the white
perch of the Oswego study (Table D-3, Appendix
D) where recoveries were dominated by mortal-
ity but only 57% of the marked fish had exited
the screenwell at the end of the 48-h test period
(all of which were dead). The foregoing example
is much the counterpart of result (45) where exits
were dominated by live fish on the order of
exp(-X*t).

In the case of more hardy and active fish, pa-
rameter D may decay very little over time. If we
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tribution S1/Lt where S1 = S - W in equation (68). I L9.r~js-tmie _IMuIton..
allow D to be constant in (58), and with 3() =

A as before, the general solution for U becomes Q

Sm~~fl-flr~e

4S ie-t -X,1D2 1,o, Xx.
7rL' .q

2 n + 1
FIGURE 16. - Delay in departure offithfrom/flume pop-

ulation N(t) owing to an initial nonuniform distri-
bution and its effect on small-time solution (69); see
Fig. 15.At large time the asymptotic term of(64) is now

4S -X
U(x,t) -•• (A'+*)tcos --

irL' 2L''

and the departure rate of fish from N(t) is now
approximately

2t).
Q(t) j7_2e

where the functions -xn(x) and X,(x) are iden-
tical to those of (49). With regard now to a pe-
culiarity of the Alden data, let us impose a special
initial condition on (68). In the previous example
we presumed the distribution of fish on their
arrival at the screenfront to be more or less uni-
form (Fig. 15, left). For the conclusion of the
example, suppose that in a short period of time
after arrival, the initial distribution of fish quick-
ly becomes nonuniform (Fig. 15, right) as a result
of an initial washout W, where S - W = S, (as
reflected in the Alden data, Appendix C, and
Figs. 7-9). Our initial condition changes accord-
ingly:

(63)

Irtures from Ngo as

which is like the bypassing rate of live'and in-
jured (or dead) fish illustrated by Figs. 10 and 11
(Alden experiment 13). From integration of the
asymptotic term of (64), the large-time approx-
imation of the decline in the live, uninjured
screenwell population becomes

this case by mortality.
)le reflect the influence
ity at the barrier screen
increase in exposure to
% The process seems to
leriments on the white
'(Table D-3, Appendix
dominated by mortal-
narked fish had exited
of the 48-h test period
rhe foregoing example
result (45) where exits
fish on the order of

8
N(t) - . S -A+*t (67)

I

'I

which predicts a large-time decline in N similar
to the single-variabled regression function of Fig.
10.

For purposes of examination at small time, the
method of images gives us more convenient so-
lutions. Thus, with conditions like those above
for (64), the fish concentration function for small
t is

U(x, t)

- (- 1)"[erfc(- X,) + erfc(xn)I

SILI1 where 0 !5 x :s LIartI=0, SOWx) L

0 where L, < x <- L'.

With this initial condition in (68), the small-time
solution for N(t) becomes

N -tLN(t) = |o U(x, t) dx

- ( 2 t)½eL)IDj
(69)

ly and active fish, pa-
little over time. If we (68)

which has a trajectory (Fig. 16) similar to those
of Figs. 7-9. As this result suggests, the delay



682 FLETCHER

following the initial washout in many of the Al-
den experiments might have been the result of
high initial densities of test fish in a small test
flume (the effect being most pronounced in ex-
periments where S was 200 or more fish), or even
the consequence of the nonuniform flow condi-
tions at the starts of experiments.

As consistently shown by the analysis of this
section, the characteristic diffusion 'time of live
and swimming fish in escaping the screenwell
depends on flume size L (=L'sin a) and activity
coefficient D in the relationship

4L
2

7r2D'•

Over time, the screenwell population is reduced
by death and injuries, as well as by live escapes.
Those risks and reductions, and how they com-
bine, may be influenced by any of the several
factors discussed here (and perhaps by some that
have not been discussed). We have seen how a
few of those factors, for such important quan-
tities as mortality # and activity D, may influence
escape and survival, as inferred from sparse evi-
dence. But that evidence does not extend to such
fundamental questions as the effects of sample
density on fish activity [whether or not D = D(U)],
or even to the nature of initial fish distributions
along a screenface [the possible forms of S0 (x)].
As the solutions of U(xt) depend on those un-
resolved complexities, so does the dependence
on flume size L of expected entrapment time,
and, most importantly, so do the projections to
full-scale designs of the mortality probabilities
resolved from small-scale experiments.

The Scaling Problem

Although the governing equations, boundary
conditions, initial conditions,' and parametric
formulations can be written for many conceiv-
able relationships between the quantities of in-
terest, we have pressed the analysis about as far
as inference and rational speculation can safely
take us. What empirical information we do have
at hand does not seem adequate for asking more
from the analysis than simple instructions from
simple assumptions. With these cautions in mind,
and the simplifying assumptions of constant risk
of death or injury [O(t) = u], time-invariant fish
activity (D constant for a given screen angle), a
uniform initial distribution [So(x) = SIL'], and.
the disallowance of experimental artifacts, then

the dependence on flume size L of the expected
entrapment time of a fish at risk in screenwell
population N(t) is given by

I
E[Y(L)] + __/.L+ X*

L'2 sin2 a

iuL' 2sin2cx + ir2

4

(70)

(see Fig. 17). From the analysis of the Alden test
data and the Oswego marking experiments, we
have some idea of mean entrapment times and
likely value ranges of risk parameters u and X for
large and small systems. We can also so extract
some likely values of coefficient D from that in-
formation and the analysis associated with Figs.
10 and 11.

From the regressions of Figs. 10 and 11 on the
data of Alden experiment 13, the experimental
mean residence time and estimated values of the
risk parameters are

Y 3.21 h;
= 0.0975/h;
= 0.2139/h.

The Alden flume width is L = 1.83 m, where
screen length L' = L/sin a. For experiment 13,
a was 450, but, in the absence of information on

the effects of differing screen angles on D (on
mean excursion dimension P'), we calculate D in
terms of cross-flume dimension 1. The numerical
relationship between I and L, for a given screen
angle will be the same as that between V' and L'.
By (46) then, the estimated value of activity coef-
ficient D for the Atlantic menhaden of Alden
experiment 13 is

4L
2 ,

S=_- = 0.29 n 2 /h.

Another (representative) estimate of D can be
extracted from the comparison between the large
and small diversion systems given previously. In
those calculations the (implied) activity coeffi-
cient was the same for both systems. The cal-
culations for the small system were based on the
various Alden flume experiments, where flume
size and the representative values for mean res-
idence time and the risk parameters were

L = 1.83 m;
Y =3h; •
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Therefore, the representative value of activity
coefficient D for the small system is

D = 0.436 m 2 /h,

and it has the identical value for the large system,
where

L = 10.37 m;
= 45 h;

= 0.012/h;
X = 0.010/h.

Figure 17 depicts relationship (70) with the val-
ues of A and D above (the values of the large-
and small-system comparison). The inflection
point of (70) occurs at a flume width

the upper (asymptotic) bound on mean residence
time is l/A.

With the same general assumptions as those

PL(L)

0. 64

Pt(1) D

C+ -ID

.0:455 1

L = ( (71)

(5.47 m on the example graph). At flume widths
greater than (71), the unit risk y, or death and
injury distribution Ot, has a greater influence on
mean live entrapment [residence time in N(t)]
than the live escape distribution I - 0t. In fact,

I 1,83 1037

Small system Lorge system

FIGURE 18.-Probability of live escape PL(L) versus
flume size from equation (72) with p = 0.012/h and
D = 0.436 m 2/h.
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given for (70), the probability of escape drops off
rapidly with flume size in the relationship

PL(L) = 1 - lE[lY(L)]

4gL 2 + ,r2D (72)

which has the appearance of Fig. 18 (for the same
values as those of Fig. 17). Thus for the small
(representative) system, the probability that a fish
drawn into the screenwall will escape uninjured
is

PL(1. 8 3 m) = 0.964,

where, as before, A = 0.012/h and D = 0.0436
m 2/h. The probability that it will die or be in-
jured is

P.D(.83 m) = 1 - 0.964
= 0.036,

or, of a sample S, 3.6% are expected to die or be
injured and 96.4% are expected to escape unin-
jured. For the large (representative) system,

PL(10.37 m) = 0.455,

PD(10. 37 m) = 0.545,

or 45.50% expected live escapes and 54.5% deaths
and injuries.

Relationships (70) and (72) will be further
complicated to the extent that activity D and
mortality rate 3 are time- and density-dependent
in the solutions of governing equation (29).
Whether or not screen angle may influence D
cannot be resolved from the existing empirical
information, but the possibility cannot be dis-
counted. Nevertheless, from the simplest of
assumptions, we can see by (70) and (73) that
projections of small-scale experimental results to
full-scale designs cannot be made on such simple
arithmetic extrapolations as flume-size ratios.
And because of the clearly nonlinear relation-
ships between flume size and the competing risks
of mortality and escape, the scaling problem can-
not be resolved from the experimental designs,
estimators, and linear statistical analysis of cur-
rent practice.

Conclusion

So long as the water supplies demanded by
large water-use facilities are drawn from natural
sources, the continued entrapment of large num-

bers of fishes is probably inevitable. Except for
such topographical arrangements as porous dikes
and barrier nets at the entries of cooling ponds,
little in the way of actually preventing entrap-
ment seems possible of achieving. The devices
now commonly employed for conserving fish life
have all been designed instead with the (con-
scious or unconscious) intent of reducing expo-
sure to risk once a fish has encountered them.
All such devices are mechanical in nature; some
are passive (or semi-passive) in their operating
principles and some are active. As revealed by
the accumulated evidence, no device, active or
passive, has proven to be very successful at pre-
venting injury and death to fish in full-scale sys-
tems. Such passive devices as angled-screen ar-
rays suffer from decreased effectiveness as they
increase in size, and angled-louvre arrays are im-
practical or ineffective altogether. The known ac-
tive devices (such as continuously travelling
screens with the Ristroph modification) are lim-
ited in effectiveness because those devices op-
erate on the expectation of direct encounter with
the fish.

As demonstrated by the probabilistic analysis
(and as reason tells us once the question has been
posed), the expectation of live entrapment (the
mean residence time) of fish drawn into a screen-
well is lessened both by increased opportunity
for escape (decreased exposure to. risk of death)
and by increased mortality (by increases in the
unit risk of death), but the two have opposite
effects on survival. With such passive devices as
angled barrier screens, survival declines with in-
crease in system size owing to increased resi-
dence time (increased exposure) in the absence
of anyreduction in the unit risk of death itself.
In the case of active devices that depend on direct
contact with the fish, the durations ofentrapment
are apparently reduced, but the reductions are
brought about by increased risk and the accom-
panying cost in death and injury. From the fore-
going findings, it becomes obvious that if a new
design is to be better at conserving fish than the
old, it must bring about a reduction in mean
entrapment time through some active means of
removal, but spme active means not dependent
on forcible contact with the fish.

In the case of angled barrier screens, whether
or not a steepened pitch (a lessened angle of at-
tack) contributes anything to reducing the mor-
talities of entrapped fish has not been established
with certainty. And despite the many reports on
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directing or guiding actively swimming fish to a

bypass is still an undecided proposition. No plau-
sible rationale capable of withstanding exami.-
nation has ever been posed that would. justify
such a thesis, and no systematic observations
sufficient for testing the guiding hypothesis have
ever been reported. Except when fish are pressed
against an angled screen and forced along it by
the water flow, screen angle seems to have no
more influence on swimming fish than any other
stimulus that might provoke random excursions
in the screenwell.

The barrier screen is always put forth as a con-
server of fish, when in fact it is the hazard. In
designing experiments on devices whose prin-
cipal function is that of halting the influx of de-
bris into the plant, it should not be a question
of how much efficiency the device bestows on
fish, but how much death and injury. If an angled
screen and bypass, say, are any less hazardous
to fish life than a 900 screen and bypass might
be (in terms of the ultimate fate of fish returned
to the source waters), nobody knows it for cer-
tain.

The behavior of fish entrapped in a screenwell
is poorly understood. Whether their movements
are systematic in some fashion (as in the guiding
hypothesis for angled screens), or. essentially sto-
chastic (as in the random-walk hypothesis of this
paper), can only be resolved by time-series ex-
periments (such as continuous cinemagraphic
measurements) and competent statistical anal-
yses.

On the question of predicting the likely effects
of full-scale conservation systems from the re-
sults of small-scale experiments, the equations
and conditions for making such predictions can
be constructed, but the requisite empirical in-
formation for quantifying the analysis and re-
solving parametric relationships does not now
exist. An appropriate analysis requires experi-
mental information with respect to (at least) two
independent variables, time and displacement.
In reported studies, whether of experimental
flumes or operating systems, neither variable is
taken into account because' the experimental de-
signs (hence the statistical analysis) employed in
such works are constructed around invariant es-
timators (E, ET, -I, and so on). Because of that
want of dimensional dependence, past experi-
ments have been severely system-dependent and

thus extend with little reliability from one system
to another.

Because an accurate resolution of the questions
addressed in this work attaches with such im-
portance to the conservation of fish life and to
the costs for constructing conservation devices
that otherwise may prove ineffective, I recom-
mend that much of the past and current research
on fish diversion systems be viewed as inconclu-
sive, and that new or revised experimentation be
undertaken that will allow a separation of the
competing risks identified here.
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Appendix A: Reduction of a Random Walk to Frequency of Escape (Formula 15)

4

Let escape be a random process with reflecting
and absorbing boundaries in one dimension (see,
for example, Barber and Ninham 1970). That is,
let the entrapped population size n at time t be
a Poisson random variable with mean Xt (where,
at time t = 0, n = no). Therefore, the probability
that the population consists of n (-< no) entrapped
members at time t is

Pn(t) = I _- _,e- .n!

Thus the probability that the population consists
of no entrapped members at time t becomes

Po(t) = 1 - e-xt,

which can be viewed as the risk (the chance) that
a randomly designated individual of no will have

escaped by time t. That is, with T the time of
escape, then

Po(t) = Prob[T < t]

for any time t. In turn, the probability of the
individual's being entrapped at least until time
t is

PE(t) = Prob[T > tj

= 1 - Po(t)
= e-si,

and Po(t) has the corresponding density function

X.e-Mk. (15)

Parameter X is a rate (in particular, rate of escape)
with corresponding dimensions numbers/time.
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Appendix B: Delay in Escape Probability (Equation 16a)

Let escape have the probabilistic conditions
described for formula (15) of Appendix A, but Xt !5 loge + .
let there be a time delay in that process. With k'

the delay parameter, Po(t) takes the form. Behavior of (16b):

k+ I
PO(t) = 1- k

k + ext'

and the probability of continued entrapment in
turn becomes

at t = 0, PE(O) = 1;
as t -• +oo, PE(t) - 0;

as k -• 0, PE(t) -- e-ýt (no delay);

at large t (where t > loge[(k/2) + 1]),
PE(t) e-,t.

dp
Let f(t) = P PE(t); thus

f f(t) dt -(k,+ 1) .+

as required.

k+ I
PE(t) = k + e\t (1 6b)

The (cumulative) delay is determined by param-
eters V and k on the time domain where

Appendix C: Alden Test Data

Contained in this appendix are the recovered
laboratory data (Table C-1) from the Alden test-
flume experiments (Alden Research Laboratory
1981), along with several examples that illustrate
the invalidities of the estimating procedures
common to such>work.,

As noted previously, the estimator E. pre-
sumed to be a measure' of the "diversion effi-
ciency" of a conservation device on a sample0of
fish, is defined in the Alden report as

Number bypassed

Number tested - Number non-bypassed'

the "Number tested" being sample S. The ulti-
mate likelihood E7T, or the "total system effi-
ciency," of the tested diversion system in by-
passing fish alive is defined in turn as

ET = E(Il- ),

quantity m being the differential mortality de-
scribed heretofore.

Example 1: Termination qf experiments at
like running times. Suppose thlat two competing
devices are being tested (250 and 450 screens and
bypasses, say). All other experimental variables
are identical. Let S be 100 fish. Both experiments
are terminated, say, after 4 h from start. Suppose
the observed results to be the following

Device A: 1 fish bypassed alive, 99 left swim-
ming in the flume.

Device B: 99 fish bypassed alive, 1 left swim-
ming in the flume.

According to the estimating conventions of the
Alden (and similar) demonstrations, the diver-
sion efficiencies E for both devices would be
100%, and the total efficiencies ET- would also
be 100% for both. The inequities of such mea-
sures are obvious. The rate of bypassing in case
B is far greater than that of A, and the unknown
fate of the one remaining fish of B is insignificant
in comparison to the 99 of A, but such differences
would not be distinguished by the measures giv-
en to E and ET. In the example, the possibility
could not be discounted that all 99 remainders
of A might be killed, in which case the true ef-
ficiency of the system would fall from 100% to
1%,

Example 2: Termination of experiments when
a predetermined number offish have been by-
passed. Again let the sample size for each of two
experiments be 100 fish, but let each be termi-
nated at the bypassing of 10 fish, irrespective of
time.

Device A: 10 fish bypassed alive in 10 h; 90
left swimming in the flume.

Device B: 10 fish bypassed alive in I h; 90
left swimming in the flume.

Device B is obviously more effective at diverting
fish than A, but again E would be scored as 100%
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for both, and ET would also be 100%. But device
B is less hazardous to its remaining 90 fish than
A to its remaining 90 owing to the higher rate of
diversion of 1 (because decreased exposure to
risk decreases the likelihood of death). The con-
sequences could only be determined with cer-
tainty by running the experiments to conclusion.

Example 3: Arbitrary termination of experi-
mnents (typical of the Alden practice). Again let
the sample size for each of the experiments be
100 fish, but with the following results.

Device A: One fish bypassed alive in 15 min;
99 left swimming in the flume.

Device B: 97 fish bypassed in 2 h, two dead;
one fish left swimming in the flume.

Device B is obviously very effective at bypassing
• and conserving fish. Device A appears less so,

but the test on A is not sufficient for statistical
significance. Yet by the standard methods of
scoring, the d i version efficiencies E for both
would still be 100%, without distinction. The
total efficiency ET for device A is 100%, but ET
for B is 98%, and according to the statistical
methods of the Alden report, device B would be
deemed inferior to A when the opposite is more
likely true.

The foregoing examples are not exaggerations.
The portions of test samples S not accounted for
in the experiments lead to conclusions like that
expressed on page 19 of the report: "The striped
bass was the most effectively diverted species
(97.8 percent; s.d. = 5.7)." The striped bass, in
fact, was the least effectively diverted species.
The experiments with the lowest percentages of
bypassed fish were those with the striped bass.

Q. See the tabulated data for experiments 22, 24,
29, 30, 34, 52, 53, 54, 57, and 58, Table C-l,
where the portions of S not bypassed ranged from
51% of S to 78%.

The following examples are taken from the
Alden report itself. The diversion efficiencies E
are not given in the report and must be calculated
from the tabulated quantities appearing on Table
3.1 of the report.

Example 4: Alden test- 24. Tabulated values:

number tested (sample size): 200;
number bypassed: 51;
number left swimming in flume (not by-

passed): 149;
number impinged: 0;
differential mortality m: 0;
ET given as 100%.

Since m = 0. then E = ET, which implies that
E = 1 (or 100%). For this experiment, then, E
was calculated as

Number bypassed
Number bypassed

The 149 non-diverted fish were excluded from
the calculations as though they had never entered
the experiments.

Example 5: Alden test 50. Tabulated values:

number tested: 100;
number bypassed: 81;
number left swimming in flume: 0;
number impinged: 19;
number held for 96 h: 81;
number of bypassed dead in 96 h: 8;
control mortality: 0;
differential mortality: m = 0.10 (as tabulated);
ET given as 73%.

Although the quantity E is not given, we must
now have

E7-_ 0.73
E ET 7-- = 0.81,

1 -- M 0.9

but let us make a trial calculation of E according
to the definition given in the report:

Number bypassed

Number tested - Number non-bypassed
'81

100- 19

81

=l,

which is obviously not what it seems to be. The
value of E for this experiment was evidently cal-
culated in the following way:

Number bypassed

Number bypassed + Number impinged

81

81 + 19

= 0.81.

But E as calculated for this experiment (and some
others) is an invalid estimator ifany likelihood
offailure exists. Suppose, for example, that in a
given experiment (sample size 100, say), no fish
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were bypassed and no fish were impinged during
the time allotted for the experiment. Then esti-
mator E, which must accommodate failure as
well as success, would have to be zero,(whether
E is viewed as a probability estimator or as the
"efficiency" of the system in bypassing fish). But
by the method of calculation employed by the
authors in test 50, one would have instead:

whence, for the illustration of failure,

0
E' - = 0

100

as required. And for the results of test 50,

E' = 81 = 0.81
100

TAB

Elal
tirl

0
0

2
3

Number bypassed
E.Number bypassed + Number impinged

0

0÷ 0'

which is indeterminate, not zero as required. If,
instead, we let E be a natural probability esti-
mator, strictly reflecting the experimental results,
then it should be defined instead as

as required.
The natural estimates merely emphasize the

arbitrary nature of the estimating methods em-
ployed in the Alden report; they do not rehabili-
tate the experiments but only reflect the empir-
ical results as those results exist. Because the
events of bypassing, injury, and death areý gov-
erned by time-dependent distributions, no time-
invariant estimators or statistical analyses like
those appearing in the Alden and similar reports
should be considered appropriate to, the results
of such experiments.

Number bypassed
E N tNumber tested

TABLE C-I.- Recovered experimental data corresponding to summarized results in Alden Research Laboratory
(1981). a

Key: Number preceding species denotes experiment, a is screen angle of attack; V is water velocity; T is water
temperature; m is difrerential mortality (test mortality minus control mortality, M, . MC). Elapsed time is
measured from the start of each experiment, the last entry represents test termination. Number bypassed
includes live, dead, and injured fish bypassed since the previous observation; a value in parentheses gives the
number of impinged fish collected at termination o" the experiment. N(t) is the flume population at each
observation time; the first number for each experiment is the sample size S and the last is the number offish
left swimming in the flume at termination of the experiment.

Elapsed Number Elapsed Number Elapsed Number Elapsed Number
time, h bypassed N(t) time, h bypassed N(t) time, h bypassed N(t) time, h bypassed N(t)

1: Atlantic menhaden
a' = 45 V = 30 cm/s
T = 20,5'C m = 0%

0 0 200
0.5 0 200
1.0 0 200
2.25 122 78
2.5 49 29
2.75 0 29
3.0 0 29

11.33 18. 29
11.83 8 21
12.83 0 21

3: Atlantic menhaden
a = 45' V = 30 cm/s
T=23'C m = 0%

0 0 221
0.42 49 172
1.42 14 158
2.92 3 155
4.17 4 151
5.17 48 103
6.17 21 82
7.17 39 43
8.17 27 16
8,67 4 12
9.17 2 10
9.67 1 9

3.0 2 179

2: Atlantic menhaden
= 45' V = 30 cm/s

T 20.5'C m = 0%

0 0 205
0.34 46 159
0.83 2 157
1.83 5 152
2.83 0 152
3.83 1 151
4.83 0 151
6.83 1 150
8.83 5 145
9.83 52 93

10.83 46 47

4.0 3 176
4.5 22 154
5.0 76 78
5.75 21 57
6.5 11 46
7.0 7 39
7.5 I1 28
5: Atlantic menhaden
a = 2Y' V = 30 cnm/s

T = 21'C m= 0%

0 0 214
0.5 22 192
1.5 6 186
2.5 0 186
3.5 1 185
4,0 73 112
4.5 30 82
5.25 23 , 59
6.0 24 35
6.5 6 29
7.2 6 23

0 0 200
0.25 78 122
0.75 15 107
1.75 10 97
2.75 13 84
3.75 7 77
4.25 32 45
4.75 6 39
5.75 7 32
6.25 2 30

7: Atlantic menhaden
a = 25' V = 30 crn/s
T = 17.3°C m = 4%

0 0 204
0.25 83 121
1.25 30 91
2.25 27 64
3.0 9 55
3.75 30 25
4.25 11 .14
4.75 5 9

4: Atlantic menhaden
a = 45' V = 30 cm/s
T = 22.51C m = 0%

0 0 205
1.0 22 183
2.0 2 181

6: Atlantic menhaden
a = 25* V = 30 cm/s
T = 16,5°C mn = 47%

8: Atlantic menhaden
a = 45 V = 30 cm/s
T = 1S'C m = 7%
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tion of failure,
TABLE C- I.- Continued.

results of test 50,

5 0.81

merely emphasize the
'stimating methods em-
wrt; they do not rehabili-
t only reflect the empir-
;uts exist. Because the
iry, and death are gov-
t distributions, no time-
statistical analyses like
Lden and similar reports
propriate to the results

iden Research Laboratory

water velocity; T is water
" - MC). Elapsed time is
nation, Number bypassed
'e in parentheses gives the
(tume population at each
last is the number offish

,lpsed Number
tire,h bypassed N(M)

0 0 200
0.25 78 122
0.75 15 107
1.75 10 97
2.75 13 84
3.75 7 77
4.25 32 45
4.75 6 39
5.75 7 32
6.25 2 30

7: Atlantic menhaden
re = 25 V 0  

30 cm/s
T = 17.3-C m ý 4%

0 0 204
0,25 83 121
1.25 30 91
2,25 27 64
3.0 9 55
175 30 25
4.25 11 14
4.75 5 9

-: Atlantic menhaden

, = 450 V " 3
0 cm/s

f= I8C m='7%

F•••i ) -lapsed Number-
time, h bypassed N(t)

0 0 200
0,42 54 146
SIA7 18 128
2.17 31 97
3.17 46 s1
3.67 18 33
4,17 10 23
4.67 5 18

9: Atlantic menhaden
a = 25* V =30 cm/s

T - 17.5°C m = 7%

0 0 200
0.25 32 168
1.25 16 152
2.25 41 111
3.25 5 106
4.25 14 92
5.25 28 64
6,25 34 30
6.75 14 16
7.25 5 11

Ill: Atlantic menhaden
a - 25%, V 30 cm/s
T - 17.7

0
C m 1%

0 0 200
0.25 31 169
1.25 29 140
1.75 24 116
2.75 55 61
3.75 41 20
4.25 7 13

11: Atlantic menhaden
a - 45 V = 30 cm/s
T - 12'C rn = 6%

0 0- 200
0.5 110 90

1.0. 49 41
1.5 4 37

.2.0 6 31
2.5 5 26
3.0 8(4) 14

12: Atlantic menhaden
a = 45' V = 30 cm/s
T = 12.9'C m - 0%

0 0 209
0.5 79 130
1.5 40 90
2.5 28 62
3.0 21 41
3.5 10 31
4,0 4 27
4.5 2 25
5.0 3 22

13: Atlantic menhaden
cr = 45* V = 30 cm/s
T=15"C m = q1%

0 0 207
9.25 110 97
1.25 21 76
2.25 21 55
3.25 13 42

Elapsed Number Elapsed Number
time, h bypassed N(t) time, h bypassed N(t)

Elapsed Numbertime, h bypassed N(t)

lime, 6 bypassed 5(t)

4.25 17 25 1.0 2 151
5.25 6(l) 18 1.5 0 151

14: White perch 2,0 0 151

45 0 V = 30 ci/s 2.5 2 149

T = 13.2
0
C m = 8% 3.0 0 149

0 0 200 0 149

0.25 45 155 25: White perch
1.25 23 132 a = 45* V = 30 cia/s
2.25 30 102 T 2*C m = 10%
2.75 12 90 0 0 100
3.25 12 78 0.5 62 38
3.75 19 59 1.0 I 37
4.25 10 49 1.5 4 33
4.75 5 44 2.0 4 29

15: White perch 2.5 2 27
S45* V = 30 em/s 3.0 1 26

T - 12.91C m= 0% 3.5 0 26

(1 0 204
0.25 33 171 29: Striped bass

c•=450 V =30 cm/s
1.0 21 150 T5C m32%

1,75 24 126 T 2"5°C m 2%

2.75 43 83 0 0 200

3175 28 , 55 0.5 81 119

4.75 17 38 1.0 3 116

6.0 12 26 2.0 . 2 114
2.5 2 112

16: White perch

a = 45' V - 30 cm/s 30: Striped bass

T - 12,8*C m = 9% 45 V = 30 cm/s

0 0 208 T= 3
0
C m = 2%

0.75 82. 126 0 0 224
1.75 36 90 0.5 44 180
2.75 19 71 1.0 2 178
3.75 26 45 1.5 1 177
4.75 20 25 2.0 4 173
5.75 5 -20 2.5 4 169

21: White perch 3.0 3 166

=45 V - 30 cm/s 35 0 166

T = 4.8*C m = 15% 34: Striped bass
0 0 1o00 l45' V = 30 cnls
0.08 66 34 T 3.8

0 C m=0%
0.5 8 26 0 0 200
1.0 16 10. 0.5 50 150
1.5 1 9 1.5 1 149
2.0 0 9 2.5 0 149

22: Striped bass 3.0 0 149

a = 45' V = 30 cm/s 3.5 2 147

T = 5,3°C m = 3% 4.5 . 146

0 0 200 52: Striped bass
0.25 70 130 a - 45* V = 30 cm/s
0.75 4 126 T= 5.3*C m = 0%
1.25 11 J15 0 0 200
1.75 5 110 0.5 42 158
2.25 3 107 1.0 0 158
2.75 4 103 1.5 0 158
3.25 1 102 2.0 0 158

24: Striped bass 2.5 1' 157
ca = 250 V = 30 cm/s 3.0 2 155
T=3.5*C m=0% 3.5 9 146

0 0 200 4.0 3 143
0.5 47 153 4.5 6 137

53: Striped bass
a = 45' V = 30 cm/s
T= 7C m= 1%

0 0 200
0.33 24 176
0.83 1 175
1.33 1 174
1.83 0 174
2.33 2 172
2.83 2 170
3.33 3 167
3.83 2 167
4.33 5 160
4.83 9 151
5.33 5 146

54: Striped bass
a = 450 V = 30 cm/s

'I= 7.24C m= 1%
0 0 200
0.5 16 184
1.0 I 183
1.5 0 183
2.0 1 182
2.5 0 182
3.0 0 182
3.5 4 178
4.0 3 175
5.0 6 169
6.0 13 156
6.5 5 151

55: Striped bass
a = 45* V = 60 cm/s
T = 8*C m = 0%

0 0 200
0.5 79 121
1.0 *3 118
1.5 12 106
2.0 1 105
2.5 1 104
3.0 3 101
3.5 2 99
4.0 1 98
4.5 3 95
5.0 16 79
5.5 18 61
6.0 12 49
6.5 2 47

56. Striped bass
v = 45* V = 60 cm/s

T=.10OC m= 0%

0 0 200
0.5 50 150
1.0 2 148
1.5 2 146
2.0 0 146
2.5 3 143
3.0 0 143
3.5 4 139
4.0 6 133
4.5 7 126
5.0 33 93l
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TABLE C- 1. - Continued,

Elapsed Number Elapsed Number Elapsed Number Elapsed Number
time, h bypassed N(t) time, h bypassed N(t) time, h bypassed N(t) time, h bypassed N(t)

5.5 11 82 1.0 6 155 5.5 4 118 1.5 3 179
6.0 6 76 1.5 1 154 6,0 8 110 2.0 3 176
6.5 4 72 2.0 2 152 2.5 4 172

2.5 0 152 58. Striped bass 3.0 3 169
57: Striped bass 3.0 2 ISO a = 45° V = 60 cm/s 3.5 4 165

a = 45' V = 60 cm/s 3.5 4 146 T = 12.5'C m = 3% 4.0 4 161
T= 11C m= 1% 4.0 8 138 0 0 200 4.5 26 135

0 0 200 4.5 6 132 0.5 17 183 5.0 7 128
0.5 45 155 5.0 10 122 1.0 1 182 5.5 1 127

I Data from experiments 17, 18, 19. and 20 on alewives were not released. Experiments 23, 26, 28, 31, 32, and 33 had only
two datum points each; experiment 27 had only one point. Experiments 35-51 had only one datum point each, and all were
terminated at 1) min.

Appendix D: Oswego Test Data

TABLE D-l.--Monthly estimated results from the 1981 study at Oswego Steam Unit 6. Data are from Table 3.0-
8 ofLawler, Mfatusky and Skelly (1982b) except the mortality values appended here. Totals arejbr 9 months.

Total Estimated
Estimated plant live

Month entrapment efficiency return

Total Estimated
Estimated plant live

entrapment efficiency return

Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

Totals

Mortality

Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

Totals

Mortality

Alewife

54,432 33.7 18,344
91,810 1.5 1,377
42,768 9.9 4,234
20,088 24.0 4,821

670 8.3 56
20,952 2.5 524
81,989 17.3 14,184

7,704 43.5 3,351
1,042 33.1 345

321,455 1 14.7a 47,236a

85%

Rainbow smelt

8,280 75.2 6,227
3,422 4.2 144

432 3.8 16
74 3.8 3
0 ? ?

7,704 10.3 794
78,194 20.4 15,952
80,280 12.7 10,196

126,554 5.1 6,424

304,940 13.1 39,786

87%

Emerald shiner

72 94.4 68
74 94.4 70
72 94.4 68
0 ? ?
0 ? ?

.4,824 91.9 4,433
5,952 91.4 5,440
2,736 85.3 2,334

818 79.3 649

14,548 89.8 13,062

10%

Total Estimated
Estimated plant live

entrapment efficiency return

Gizzard shad

144 48.2 69
0 ? ?

72. 48.2 35
0 ?
0 ? ?

1,440 57.0 821
14,136 60.9 8,609
4.896 38.9 1,905

818 36.1 295

21,506 54.6 11,734

45%

Spottait shiner
144 906
74 90.6
72 84.0

298 84.0
372 84.0
216 76.8

3,125 85.7
360 84.4

74 86.7

4,735 85.1

15%

130
67
60

250
312
166

2,678
304

64

4,031

White perch

432 39.8
149 39.8
72 39.8
74 39.8

0 ?
0 ?

3,497 49.2
1,800 26.4

74 26.4

6,098 41.1

59%

172
59
29
29

?

1,721
475

20

2,505

Correction (error on source table).

i



Elapscd Number
lime, h bypassed N(t)

RISK ANALYSIS FOR FISH DIVERSIONS

TABLE D-2.-Monthly mortalities and injuries among

entrapped fish during the 1981 study at Oswego Steam
Unit 6. Values are calculated from Tables 3.0-3, 3.00-
5, and 3.0-6 of Lawler, Matusky and Skelly (1982b);

+ indicates data were not given: empty cell indicates
data were not collected.
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1,5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5

3 179
3 176
4 172
3 169
4 165
4 161

26 135
7 128
1 127

Proportion Proportion 96-h Dead and
Month diverted live survival injured

6, 28, 31, 32, and 33 had only
atum point each, and all were

Data are from Table 3.0-
Totals are for 9 months.

Total Estimated
ated plant live
'lent efficiency return

GizZard shad
14 48.2 69
0 ?

'2 48.2 35
0 ?
0 ?
0 57.0 821
6 60.9 8,609
6 38.9 1,905
8 36.1 295

5 54.6 11,734

45%

White perch

39.8 172
39.8 59
39.8 29
39,8 29

? .

49.2 1.721
26.4 475
26.4 20

41.1 2,505

59%

Alewife

Apr 0.983 + 0.343?
May 0,913 0.144 0.112
Jun 0.762 0.332 0.324
Jul 0.845 0.558 0.490
Aug 0.421 0,558 0.414
Sep 0.471 0,118 0.143
Oct 0.804 0.631 0.332
Nov 0.861 0.594 0.795
Dec 0.955 0.446 0.600

98.5%
91.8%
76.9%
92,6%
99.2%
83.2%
59.3%
74.4%

White perch

Apr + 0.429? 7
May 0.927'
Jun
Jul '?9
Aug 0.762? "
Sep 0.762? 7
Oct 0,889 . 0.661 55.2%
Nov 0.859 0.203 0.762 86,7%
Dec 086,7%

Apr 0,963 + 0.781?
May 0.923 ] 0.108
Jun 0.416 0,108
Jul 0.851
Aug ,.

Sep 0.760 0.316 0.430
Oct 0.731 0.610
Nov 0,647 0.405 0.377
Dec 0.753 0.312 0.136

.?

95.9%
96.2%

?

89.7%
80.8%
90.1%
96.8%



694 FI.,ETCHER
SCO)py--igh by

TABLE D-3.--Marking study offish released into the primary screenwell at Oswego Steam Unit 6. The data,
from Lawler, Matusky ant Skelly (1 982b), are numbers offish unless indicated otherwise.

v.1..

Yellow Brown Smallmouth Rock bass
Measure perch White bass White perch trout bass + bluegill

Marked releases 56 64 23 47 60 29
frIpinged, dead 7 7 4 0 1 1

Bypassed

0-8 h
Live 24 0 0 5 4 5
Dead 13 2 6 1 3 4

8-24 h
Live 1 3 0 4 0 1
Dead 2 7 1 0 0 2

24-48 h

Live 3 10 0 0 1 7
Dead I 1 0 0 0 0

>48 h

Live - 0 8 0 6 10 0
Dead 0 0 2 0 0 0

Total recoveries
Live 28 21 0 15 15 13
Dead (% of recoveries) 23(45%) 17 (45%) 13 (100%) 1 (6%) 4(21%) 7(35%)

Nonrecoveries (% of releases) 5(9%) 26 (41%) 10(43%) 31 (66%) 41 (68%) v9 (31%)
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