


EXECUTIVE SUMMARY

In December 1988, agreement was reached among
Hudson River Settlement Agreement parties on the
installation of Ristroph screens at Indian Point Units 2
and 3. The Agreement provided for consultation and mutual
concurrence among interested parties on the design of the
fish and debris return systems for these projects. On
March 15, 1989, study plans for the development of the
return systems were reviewed with the parties, and in the
summer, agreed-upon dye recirculation and conduit design
studies were initiated.

Dye studies were conducted at selected sites offshore
of Units 2 and 3. Recirculation from sites north of the
Unit 2 intake was higher than expected during both full and
reduced cooling water flow pumping conditions, and caused
uncertainty as to the most appropriate location for the
discharge. Additional studies using live fish to determine
whether their rate of recirculation would differ from that
of the dye were recommended. During winter-time reduced
flow pumping, dye recirculation from sites west of the
discharge canal at Unit 3 was lowest from a shoreline
location. Although recirculation from this site was higher
during full-flow conditions, it was selected as the location
for the Unit 3 return system discharge because of its lower
recirculation during the winter when white perch are
abundant and more susceptible to passive transport by water
currents.

Conduit design studies were conducted in the clear
water of the Verplanck quarry, which allowed direct
observation of fish behavior and condition following
discharge into collection nets. Results demonstrated that
various design elements, including pipe diameters of 6 and
10 inches, lengths from 40 to 250 feet, and operating water
volumes from 245 to 1000 gpm, as well as debris in the
return flow, did not cause damage to fish. Testing also
demonstrated that, with the possible exception of white
perch in the winter, a minus 35 foot discharge depth was not
detrimental to fish. With respect to white perch,
underwater videos documented their attempts to escape the
collection net and swim upward following discharge when the
water was about 20C. During warmer conditions (80C) they
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swam quietly upon'discharge at this depth. The increased
mortality of white perch. in the cold water appeared to be
due to confinement by the nets, and not the return system.

Results of the dye recirculation and conduit design
tests were provided to the parties by letter dated July 23,
1990. Comments from the New York Department of Environ-
mental Conservation (DEC) and the environmental groups'
consultant, Dr. Ian Fletcher, prompted live-fish recircu-
lation studies and additional return system design
evaluations.

In September and October 1990, live fish were released
at several locations from which dye had been released north
of the Unit 2 intake. Recirculation under full circulating
water flow was 36.5% and 14.0%, from 110 feet and 210 feet
offshore, respectively. These rates were substantially
lower than those for dye (Table i), and declined more
sharply with increasing distance offshore than did dye: At
110 feet offshore, fish re-impingement was 41% of dye
recirculation under full flow conditions (36.5% versus 89%),
while at 210 feet offshore, it was only 26% of that for dye
(14% versus 54%). These results suggested that fish
recirculation might be, at least in part, a behavioral
response, and not simply a passive transport phenomenon.

Table s . 1990 Live Fish and Dye Recirculation Rates (%) from
Sites North of the Indian Point Unit 2 Intake during
Full and Reduced Flow Pumping C fnditions.tde

t istance Live Fish DyeOffShore...

110 1 36.5 89 55

210 14.0 54 32

Results were provided to the DEC and Dr. Fletcher inDecember 1990. Dr. Fletcher suggested in a January 1991
review that recirculation from the Unit 2 return system
might be reduced by about 50% if the discharge was located
south of the Unit 2 intake rather than north of it. By
letter dated May 10, 1991, the DEC requested further studies
to evaluate recirculation from the offshore site north of
the Unit 2 intake, the site suggested by Dr. Fletcher, and

two sites at Unit 3. Results of these recirculation and
return system design evaluations are summarized below.
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Part I. Unit 2 Return Line Siting Studies

The potential discharge sites evaluated in accordance
with the DEC's May 10, 1991 letter were: 1) the originally
proposed site, 2-A, located 210 feet offshore and 145 feet
north of the Unit 2 intake, 2) site F-A located 210 feet
offshore and 175 feet south of the intake, 55 feet further
south than a site suggested by Dr. Fletcher, 3) site 3-B,
the Unit 3 return system shoreline discharge site located
275 feet south of its intake, and 4) site 3-A located
60 feet offshore of site 3-B. Two additional sites were
also evaluated. One site, 2-B, located 60 feet offshore and
145 feet north of the Unit 2 intake, was considered to be a
control site from which recirculation might be high. The
other site, F-B, located 60 feet offshore and 175 feet south
of the unit 2 intake, was a location to which a return
system could be installed relatively quickly, if,
recirculation from it was acceptably low. Recirculation
from the six sites was evaluated during the fall 1991 when
the seasonally low river flows and full flow circulating
water pumping rates were expected to maximize the potential
for "re-impingement". Live hatchery-reared striped bass
were used as test fish.

Tidal stage-averaged live-fish recirculation from
offshore sites 2-A and F-A near Unit 2 was 3.7%, and 3.0%,
respectively, while that from near-shore sites 2-B and F-B
was 29.2%, and 14.6%, respectively (Figure i). Contingency

North
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Figure i. Percent Recoveries of Marked Live Hatchery
Striped Bass Released at Six Locations at
Indian Point Station, Fall 1991.
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analyses indicated the presence of location effects in
comparisons of recirculation from sites F-A and 2-A, and
from F-A and 3-B. However, the range of differences in
rates within each of these pairs (0.7 and 1.3 percentage
points, respectively) appeared to be so small as to be
negligible.

Study results also demonstrated a diminishing
difference in recirculation between north-of-intake and
south-of-intake locations at the offshore sites at Unit 2
compared to their onshore components. Tide-specific fish
recirculation rates from the nearshore sites at Unit 2
supported Dr. Fletcher's projection of an approximately 50%
reduction in recirculation from a site south of the intake
relative to that from a comparably located site north of it
(see Appendix D). However, tide-specific fish recirculation
rates from the off-shore sites did not. Recirculation from
2-B was 100% higher that from F-B, while that from 2-A was
only 23% higher than from F-A. This and the fact that fish
recirculation was substantially lower than that of dye from
Site 2-A (see Table i dye; recirculation from site F-A was
not evaluated), suggested that both offshore sites may be so
close to the margin of the withdrawal zone that the
movements of fish released at those points quickly removed
them from the influence of passive transport processes. The
recirculation of a few fish to the intakes might have been:
due more their random movements than to transport by water.
The same may have been true at the Unit 3 sites.
Recirculation from sites 3-A (3.6%) and 3-B (4.3%) near Unit
3 was essentially the same as that from the off-shore sites
at Unit 2 (Figure i).

Based on the live fish observations, any one of the
offshore sites at Unit 2 or the sites at Unit 3 would be
suitable for a return system discharge. However, a 1985
winter-time hydroacoustic survey offshore of Indian Point
detected fish movements which followed the direction and
rate of tidal flows, indicating that at least some fish were
being passively transported. Impingement collections
suggested that the fish observed were white perch. If white
perch or other species are transported passively by water
currents in cold water, the fall 1991 live-fish
recirculation rates might not be an accurate indicator of
overall annual recirculation potential. Rather, live-fish
rates may apply to warmer seasons, while dye recirculation
rates might more realistically reflect recirculation in the
winter, particularly for white perch.

In order to evaluate the potential influence of passive
fish recirculation among the sites, in the absence of
winter-time live fish recirculation data, live fish and-dye
recirculation rates were used along with average monthly
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impingement rates (1975 - 1990) at Indian Point Unit 2
(Appendix G) to project potential levels of annual
recirculation. Hydraulic model data suggested that dye
recirculation from F-A would not be higher than from 2-A
(which was determined to be 32% at winter flows), and Dr.
Fletcher estimated that it might be on the order of 50% of
the 2-A rate. However, because it is unlikely that any:
indigenous Hudson River species of fish is entirely
"passive" in cold water, application of dye rates to all
species would almost certainly overestimate total
recirculation. Accordingly, various assumptions about
"winter" recirculation were made as follows:

0 Essentially passive fish recirculation is most
likely to occur when water temperatures are low.
Two "cold water" periods of assumed "passivity"
were selected to reflect a range of potential
conditions:

0 December - March (projected maximum
duration; long-term monthly average water
temperature at or below 400 F)

January - February (most likely interval;
water temperature at or below 360 F)

* White perch recirculation rates from sites 3-A, 3-
B and 2-A, for which dye recirculation data are
available, were assumed to be reflected by the dye
rates during the passive recirculation period.
Recirculation rates of other species (e.g.
Atlantic tomcod) were assumed to be reflected by
live-fish rates during-the passive recirculation
window.

* Passive white perch recirculation from site F-A,
for which dye recirculation rates are not
available, may be reflected by the rate projected
by Dr. Fletcher, but could actually be lower or
higher. Accordingly, a range of recirculation
rates, including 25%, 50%, and 100% of the dye
recirculation rate for site 2-A, were applied.
Recirculation rates of other species (e.g.
Atlantic tomcod) were assumed to be reflected by
live-fish rates during the passive recirculation
window.

Since differences in recirculation rates among sites
are important only to the extent that they affect the
numbers of fish saved by the Ristroph screen system,
adjustments were made to reflect that some of the fish
collected by the screens are not returned to the water
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alive, and that recirculation and re-impingement on the
screens, while probably stressful, does not necessarily
result in morbidity. In order to evaluate differences in
the numbers of fish mortalities due to differences in
recirculation among return sites, Dr. Fletcher's mortality/
morbidity data (Fletcher 1990) were applied in two steps, as
follows:

1). The numbers of fish that might be returned alive
to each site after their initial encounter with
the screens were calculated. Species-specific
survival rates were used when available; for other
species, best estimates were derived from the
studies. For example, alewife rates determined by
Dr. Fletcher were applied to other herrings plus
anchovies because these species have relatively
similar sensitivities to handling.

2). Since an individual fish can, in theory, be
recirculated several times and no re-impingement
survival data are available, calculations were
made on the assumption that survival during the
first recirculation episode was 50% of the
survival during the initial impingement, 25% on
the second recirculation episode, and 0% on the
third iteration.

Table ii presents estimated numbers of all fish
combined that may be lost as a result of recirculation from
each release site under various assumed conditions. As
discussed above, a range of passive recirculation rate
values is applied in order to project possible lower and
upper bounds for recirculation from site F-A. In addition,
data for two possible passive recirculation windows
(December through March; January through February) are
presented.

Annual percent losses due to recirculation from each
site can be calculated as the number of fish lost due to
recirculation (re-impingement) divided by the number of
impinged fish initially returned alive to the river
(Table iii).

Based upon the information available, and the various
assumptions made regarding recirculation, it appears that
any of the Unit 2 offshore sites or the Unit 3 sites would
be suitable return system discharge sites.
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Table ii. Estimated Annual Fish Mortalities Due to Recirculation
from Four Potential Discharge Sites for the Indian Point
Unit 2 Return System.

Recirculation Estimated Numbers (1000)
Rate (%o * Annual Fish Mortalities

Site Active Passive Passive Recirculation
Fish Fish Window

(Estimated) Dec - Mar Jan - Feb

3-A 3.6 18 85 62

3-B 4.3 12 65 52

2-A 3.7 32 148 98

F-A(.25) 3.0 8 43 35

F-A(.50) 3.0 16 74 53
F-A(1.0) 3.0 32 145 94

Estimated recirculation rates for sites 3-A, 3-B, and 2-A are
based on winter-time dye recirculation ratesi estimated
recirculation rates for site F-A are based on 25%, 50%, and
100% of the site 2-A winter-time dye recirculation rate.

Table iii. Estimated Annual Mortality (Percent)* of Fish from Four
Potential Return Locations for the Indian'Point Unit 2
Ristroph Screen System.

Recirculation Estimated Percent
Rate (t) Annual Fish Mortalities

Site Active Passive Passive Recirculation
Fish Fish Window

(Estimated)** Dec - Mar Jan - Feb

3-A 3.6 18 6.4 4.6
3-B 4.3 12 4.8 3.9

2-A 3.7 32 11.1 7.4

F-A(.25) 3.0 8 3.2 2.6

F-A(.50) 3.0 16 5.5 4.0
F-A(1.0) 3.0 32 10.8 7.0

Percent (%) of impinged fish initially returned alive at
Indian Point Unit 2 as a result of recirculation and re-
impingement.

** Estimated recirculation rates for sites 3-A, 3-B, and 2-A are
based on winter-time dye recirculation rates; estimated
recirculation rates for site F-A are based on 25%, 50% and
100% of the site 2-A winter-time dye recirculation rate.
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Part II. Unit 2 Return System Desian Studies

Following flume and return pipe evaluations (Con Edison
and NYPA 1990), the test program was expanded to include
fish collection sluices (Figure ii). During the summer
1990, a preliminary design for the complete Unit 2 return

Hudson RIver
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Figure ii. Layout for the Fish and Debris
Return Systems for the Indian Point Unit 2
Ristroph Screens. (Extension of return line
into the Hudson River is shown for illustrative
purposes only.)

system, which included collection sluices, channel bends,
elevation changes, the confluence of flows from two
channels, and a chamber to vent entrained air from the
return flow, was installed at 'the quarry and tested.
Results indicated that the full system did not impose
injuries to fish. Survival of golden shiners was 100%
except during exposure to a 150C temperature differential
between the surface and the discharge depth when it averaged
about 92.5%. Alewife survival was also lower than that
observed in earlier tests, a result attributed to cold
shock. White perch and striped bass survival rates averaged
nearly 95% and 90%, respectively, although these results may
be affected by high control fish mortality. Based on the
facts that few fish showed signs of damage during these
tests, test species experienced high survival rates in
earlier studies, and temperature differentials during
testing were extreme, it appeared unlikely that the return
system was the cause of observed mortalities.

In spring 1991, following receipt of comments from the
DEC and Dr. Fletcher, the prototype system was modified for
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further testing. The return pipe diameter was increased
from 10 inches to 12 inches to reduce the potential for
blockage by debris, channel bends were smoothed to reduce
turbulence, and the return pipe was outfitted with a 300
upward bend at its discharge to simulate the design expected
to be installed in the river. In addition, the return pipe
discharge was positioned at minus 60 feet, the approximate
depth for a discharge if a system were extended about
250 feet offshore of the Unit 2 intake to further reduce
potential recirculation.

Fish collection nets for these tests were 60 foot tall
cylinders of mesh that extended from the return pipe to the
surface to eliminate confinement of fish at the depth of the
discharge, a suspected contributor to the mortality incurred
by white perch during the 1990 winter testing.

Tests demonstrated that the refined system did not
induce damage to white perch, golden shiners, or striped
bass, although evaluations with the latter species were
limited. Survival among golden shiners was 100%. Survival
among both test and control white perch was low, but
essentially the same in most tests, suggesting that the
return system was not the cause of the mortality observed.
Stresses associated with collection (trawling) and handling
appeared to be the primary causes of mortality among the
species tested.

During testing, surface-acclimated fish, including
control fish, made a concerted effort to swim upward when
discharged at minus 60 feet. Fish that reached an apparent
equilibrium depth swam quietly thereafter. Those that did
not tended to settle in1 the water. This response was in
contrast to the relative ease of depth maintenance of most
fish discharged at about 35 feet.

In summary, results indicate that the effects on fish
of the return system design planned for Unit 2 will be
slight, and that effectiveness may be enhanced by placing
the discharge at a depth of approximately 40 feet rather
than at greater depths.

ix



T LoPL01O-TN

EXECUTIVE SUMMARY . . . . . . . . . . . . ..
Background . . . . . . . . . . .. . . . . . . ..

Part I. Unit 2 Return Line Siting Studies . iii
Part II. Unit 2 Return System Design Studies . viii

TABLE OF CONTENTS . . . . . . . . . . . . . . . . . . x

LIST OF TABLES . . . . . . . . . . . . . . . . . . . . xii

LIST OF FIGURES . . . . . . . . . . . . . . . xv

INTRODUCTION . . . . . . . . . . . . . . . . . . . . . 1

PART I. UNIT 2 RISTROPH SCREEN RETURN LINE SITING
STUDIES . .a .,. e * 9 . * a * . 0 0 .* 5

Section A - 1990 Live Fish Recirculation Studies . 5
Section B -.1991 Live Fish Recirculation Studies . 7

1. Experimental Design for 1991
Recirculation Tests . 7
a. Release Locations . . . . . . 7
b. Water Circulation Patterns . 8
c. Precision of Results . . .. . 8
d. Duration of Monitoring Period .. 100

2. Materials and Methods for 1991
Recirculation Tests . . . . . . . 10
a. Marked Live Fish . . . . . .... 10
b. Collection Efficiency . . . . 11
c. Plant Operations . . . . . . 13
d. Live Fish Release . ........... . 13
e. Recirculated Fish Recovery . 13
f. Data Analyses . . . . . . 13

3. Results of 1991 Recirculation Tests 14
a. Adequacy of Sampling Interval . . 15
b. Handling and Tagging Mortality . . 16
c. Collection Efficiency ............ 16
d. Plant Operations . . . . . . . 20
e. Predation . . . . . . ... ............ 20
f. Miscounts . . . . . . . 21

4. Analyses and Discussion of Recovery
Rates. . .......... ......... . . . . 22
a. Fletcher Site Versus Original

Proposed Site ..... . . . 24
b. NYPA Shoreline Discharge Versus

Offshore Site .. ..... . 24
c. Original Proposed Site

Versus NYPA Shoreline Discharge 24
d. Fletcher Site Versus NYPA.Shoreline

Discharge ............. 24

x



PART II. UNIT 2 RETURN SYSTEM DESIGN STUDIES . . . 29
Section A - 1990 Fish Sluice Design Studies . . . 29

1. Prototype Fish Collection
Sluice and Return System .. . . . .. 29

2. Test Procedures for the Collection
Sluice and Return System . . . . . . . . 31

3. Test Results . . . . . . . . . . . . . . 31
a. July 18, 1990 Tests . . . . ... 31
b. July 24, 1990 Tests ... . . ... 34
C, August 1, 1990 Tests . . . . . 36

4. Discussion of Results of 1990 Summer
Tests . . . 37

Section B - 1991 Refine iRe•urn Sysite iEvluation" 39
1. Design of the Unit 2 Fish Return System 39
2. Test Results s. .......- 42

a. Air Relief Chamber . . . . 42
b. March 29, 1991 Tests . . . . . . . 42
C. April 2, 1991 Tests . . . . 0 . . . 43
d. April 3, 1991 Test . . . . . . . . 44
e. April 9, 1991 Test . . . . . . . . 46
f. April 10, 1991 Test. ....... 47

3. Hydraulic Conditions ...... - - 50
4. Discussion of Results of the 1991'Spring

Tests . . . . . . 50

REFERENCES . . . . . . . . . . . . . . . . . . . . . 53

APPENDIX B . . . . . . . . . . .

APPENDIX C . . . . . . .............. .

APPENDIX D . . . . . . . . . . . .

APPENDIX E . . . . . . . . . . . . .

APPENDIX F . . . . . . . . . . . . . . . . . . .

APPENDIX G . . . . . . .. .... . ... . . . . ..

APPENDIX H . . ... .... ...... . . . . . . .. .

xi



LIST OF TABLES

Table i.

Table ii.

Table iii.

Table 1.

Table 2.

Table 3.

Table 4.

Table 5.

Table 6.

1990 Live Fish and Dye Recirculation Rates
(%) from Sites North of the Indian Point
Unit 2 Intake during Full and Reduced Flow
Pumping Conditions . . . . . . . . ....

Estimated Annual Fish Mortalities Due to
Recirculation from Four Potential
Discharge Sites for the Indian Point
Unit 2 Return System . . . . . . . ....

Estimated Annual Mortality (Percent) of
Fish from Four Potential Return Locations
for the Indian Point Unit 2 Ristroph
Screen System. . . . . . . . . . . .

1990 Dye Recirculation Rates (%) from
Sites North of the Indian Point Unit 2
Intake during Full and Reduced Flow
Pumping Conditions . . . . . . . . ....

Total Numbers of Marked Hatchery Striped
Bass Released at Six Locations and
Recovered at Indian Point Units 2 and 3
September 30 to October 7, 1991 ..

Handling and Tagging Mortality of Hatchery
Striped Bass Marked by Fin Excision for
Assessment of Live Fish Recirculation
Rates From Proposed Ristroph Screen Return
System Discharge Locations During the Fall1991 . . . . . . . .. . . . .

Efficiency of Transfer of Live and Dead
Hatchery Striped Bass from Ristroph Screen
Baskets to Collection Sluices at
Indian Point Units 2 and 3 . . . . ....

Efficiency of Collection of Dead Striped
Bass from the Indian Point Unit 2 Intake
Water . . . . . . . . . . . . . . . ... .

Occurrence and Distribution of Blue Crabs
During the September 30 - October 7, 1991
Live Hatchery Striped Bass Release and
Recovery Study at Indian Point Units 2
and 3 . . . . . .. . 0. . . . . . . ..

ii

vii

vii

1

14

17

18

19

21

xii



Table 7.

Table 8.

Table 9.

Table 10.

Table 11.

Table 12.

Table 13.

Table 14.

Table 15.

Table 16.

Table 17.

Source Distribution for Hatchery Striped
Bass Recovered at Indian Point Unit3,Fall 1991 . . . . . . . . . . . . . . . .

Estimated Annual Fish Mortalities Due to
Recirculation from Four Potential
Discharge Sites for the Indian Point

.Unit 2 Return System.........

Estimated Annual Mortality (Percent) of
Fish from Four Potential Return Locations
for the Indian Point Unit 2 Ristroph
Screen System

July 18, 1990 Evaluation of Model of
Indian Point Unit 2 Fish Collection Sluice
and Return System . . . . . . . . . . ..

July 24, 1990 Evaluation of Model of
Indian Point Unit 2 Fish Collection Sluice
and Return System, Including the Air
Relief Chamber . . . . . . . . . . . ...

August 1, 1990 Evaluation of Model of
Indian Point Unit 2 Fish Collection Sluice
and Return System, Including Air ReliefChamber..........

Summary of Adjusted Percent Survival of
Four Species of Fish Transported Through
the Prototype Unit 2 Return System Summer
1990 0.. 0 a.. . . 0. . .. . .. ..* a a. ..

March 29, 1991 Evaluation of Full-Scale
Prototype of Indian Point Unit 2 Fish
Collection Sluice and Return System,
Including Air Relief Chamber . . . ....

April 2, 1991 Evaluation of Full-Scale
Prototype of Indian Point Unit 2 Fish
Collection Sluice and Return System,
Including Air Relief Chamber . . . ....

April 3, 1991 Evaluation of Full-Scale
Prototype of Indian Point Unit 2 Fish
Collection Sluice and Return System,
Including Air Relief Chamber . . . . .

April 9, 1991 Evaluation of Full-Scale
Prototype of Indian Point Unit 2 Fish
Collection Sluice and Return System,
Including Air Relief Chamber . . . . ...

22

28

28

33

35

37

38,

43

45

46

48

xiii



Table 18.

Table 19.

Table 20.

Table B-1.

Table D-1.

Table D-2.

Table D-3.

Table D-4.

Table D-5.

Table D-6.

Table D-7.

Table F-i.

Table H-i.

Table H-2.

April 10, 1991 Evaluation of Full-Scale
Prototype of Indian Point Unit 2 Fish
Collection Sluice and Return System,
Including Air Relief Chamber . . . ....

Summary of Adjusted Percent Survival of
Four Species of Fish Transported through
the Unit 2 Return System,, Spring 1991

Depth Distribution of Fish Species
Collected in River Surveys in the
Indian Point Region of the Hudson River,
1986-1990 . . . . . . . . . . . . . . . .

Release Data for Fin-Clipped Hatchery
Striped Bass Released at Six Locations on
Four Tidal Current Stages Offshore of the
Indian Point Station on September 30, 1991

Distribution By Unit of Recovered Hatchery
Striped Bass Following Release at Six
Locations at Indian Point, Fall 1991...

49

51

52

. .

Recovery Distribution for Location 2-A
Released Striped Bass . . . . 0.

Recovery Distribution for Location 2-B
Released Striped Bass . . . 0 . .

Recovery Distribution for Location F-A
Released Striped Bass ....

Recovery Distribution for Location F-B
Released Striped Bass . . . . ....

Recovery Distribution for Location 3-A
Released Striped Bass ....

Recovery Distribution for Location 3-B
Released Striped Bass . . . . ....

Distribution of Wild Striped Bass Among
Collections At Indian Point Units 2 and 3,
September 30 -October?7, 1991 . . . . . .

Water Depths Within Proposed Unit 2 Fish
Collection Sluice System . . . . . . . . .*

Transit Times Through Segments of the
Proposed Unit 2 Fish Return System
(Transport time for a float over a
specified distance.) . .*. . . . . ..

xiv



LIST 0O' FIGURES

Figure i.

Figure ii.

Figure 2..

Figure 2.

Figure 3.

Figure 4.

Figure 5.

Figure 6.

Figure 7.

Figure 8.

Percent Recoveries of Marked Live Hatchery
Striped Barns Released at Six Locations at
Indian Point Station, Fall 1991 .. .. ii

Layout f or the Fish and Debris Return
Systems for the Indian Point Unit 2
Ristroph Screens. (Extension of return
line into the Hudson River is shown for
illustrative purposes only.) . . . . . . . viii

Layout for the Fish and Debris Return Systems
for the Indian Point Unit 2 Ristroph Screens.
(Extension of return line into the Hudson River
is shown for illustrative purposes only.) 4

Alternative Fish Return Line Discharge
Sites Evaluated by Release of Live Marked
Fish in 1990 . . . . . . . . . . . . . . . 5

Proposed Locations for Release of Marked
Live Striped Bass for Recirculation
Assessments at Indian Point Station During
the Fall 1991 . . . . . . . . . . ....

Location of Six Release Locations for Live
Fish Relative to Hudson River Zone
supplying cooling Water and Receiving
Cooling Water at the Indian Point Station
During an Average Flood Tide . . . ....

Water Exit Times from the Vicinity of
Indian Point Station Based on Discharges
at the Green Island Dam, Adjusted for
Downstream Inflow . . . . . . . . ....

Percent Recoveries of Marked Live Hatchery
Striped Bass Released at Six Locations at
Indian Point Station, Fall 1991 .

Cumulative Percent Recovery of Marked
Striped Bass Released at Six Locations at
Indian Point Station, Fall 1991 . . .

Percent of Hatchery Striped Bass Recovered
at Indian Point Station Relative to
Release Location and Tide Stage at Six
Sites, Fall -1991 . . 4 6 . 0 . . 0 . .

8

9

15

23

k

XV



Figure 9.

Figure 10.

Figure 11.

Prototype Fish Collection Sluice Layout
for Indian Point Unit 2 . . . . . .

Concept Design for Chamber for Removal of
Entrained Air from the Fish Return Pipe at
the Indian Point Unit 2 Ristroph ScreenSystem . . . . . . . . . . . . . . . . . .

Improved Design Layout for Components of
the Unit 2 Ristroph Screen Fish Collection
and Return Sluice System . . . . . . ...

30

34

40

Figure H-1. Proposed Layout for Unit 2 Ristroph Screen
Return System and Schematic Location of
Return System Water Depth and Transit Time
Measurement Points . . . . . . . . . . . ..

xvi



In December 1988, agreement was reached among the
signatories to the December 19, 1980 Hudson River Settlement
Agreement to proceed with the installation of Ristroph
screens at Indian Point Units 2 and 3. The Agreement
contemplated consultation and mutual concurrence among
interested parties on the design-of the fish and debris
return systems for these projects. On March 15, 1989, an
overall plan for the development of the return systems was
reviewed with the parties. The plan included two major
activities: 1) selection of return system discharge
locations from which recirculation to the intakes would be
acceptably low, and 2) design of conduits to convey fish to
those locations safely. Potential discharge locations were
to be selected from existing hydraulic model assessments of
tidal and plant cooling water circulation, and then
evaluated through dye or marker release/recirculation
studies. Designs for two of the three principal components
of the return systems were to be evaluated with prototype
systems at the Verplanck quarry. These two components were
the flume, which would convey fish from the intake deck
(elevation 15 feet) to the river (elevation zero feet), and
the return pipe, which would convey fish from the flume to
the discharge location. The-third component, the fish
collection sluice, would be tested at Indian Point after the
screens were installed.

In 1989, potential return system discharge locations
were selected along westerly oriented lines 145 feet north
of the Unit 2 intake and 275 feet south of the Unit 3 intake
from analyses of cooling water zones of withdrawal
(Parkinson and Goulet 1976; Neale 1973). These locations
were evaluated by dye release/recirculation studies (Aquatec
1990).

At Unit 2, dye recovery from sites 110 feet and
210 feet offshore were higher than expected under both full
and reduced flow circulating water pumping rates (Table 1)

Table 1. 1990 Dye Recirculation Rates (%) from Sites
North of the Indian Point Unit 2 Intake during
Full and Reduced Flow Pumping Conditions.

Distance Dye Recirculation Rate (%)
OffShore

(Ft) Full Flow Reduced Flow

110 89 55
210 54 32
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and caused uncertainty as to the appropriate location for
its return system discharge. The following recommendations
were offered (Con Edison and NYPA 1990):

aComplete engineering specifications and solicit
proposals for construction of a fish and debris return
line to discharge at a point approximately 225 feet
from the shoreline along a vesterly-oriented line
145 feet north of the intake centerline.

Consider tagging studies to determine vhether live fish
released at various locations along the westerly-
oriented line would return to the intakes at rates
different from those for dye particles."

In the fall, 1990, live fish release/recovery studies
were conducted to address the uncertainty regarding the site
for the Unit 2 return line discharge.

At Unit 3, five sites were evaluated along a line
extending off-shore of the circulating water discharge
canal. Under reduced flow circulating water pumping
conditions, dye recovery was lowest (12%) from a shoreline
site (Aquatec 1990). Thenext lowest recovery (18%) was
from a site 60 feet offshore. Under full flow pumping
conditions, dye recovery from the shoreline site was 24%.
However, since the reduced flow pumping conditions were
expected to be in effect in the winter when white perch are
abundant at the intakes (EA 1989) and when they seem to be
passively transported by the water currents (Biosonics
1987), the shoreline site was considered the most
appropriate site for the-Unit 3 return line discharge.
Although dye recovery from an alternate site located south
of the discharge canal was 3% (Aquatec 1990) under the
reduced flow pumping rate, this site was considered
undesirable because it would require an approximately
900 foot return line that would be difficult to install.ý

Also in 1989, flume and return pipe tests were
initiated at the Verplanck quarry. Damage and mortality
among white perch, striped bass, golden shiner and alewife
were assessed following exposure to a variety of component
design and operating considerations including return pipe
diameter, length, discharge depth, flow volume, and the
presence of debris. Representatives of the environmental
parties oversaw the performance of the tests. Conclusions
from the studies (Con Edison and NYPA 1990) were as follows:

Fish survival did not appear to be influenced by the
diameter of the return system conduit over the range of
the conditions (6 inch and 10 inch) tested.
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Fish survival did not appear to be influenced by return
pipe length up to 250 feet.

Fish survival did not appear to be influenced by water
flow volumes, which ranged from 245 gpm to 1,000 gpm,
nor to discharge velocities, which ranged from 2 to
5 fps.

Fish survival did not appear to be compromised by the
presence of debris in the return system.

With the exception of white perch at winter-time low
water temperatures, fish survival did not appear to be
influenced by the depth at which they were discharged
up to minus 35 feet. During January 1990, observations
of white perch discharged at minus 35 feet suggested
that, after having been acclimated to shallow water,
prolonged entrapment within the collection nets at that
depth was detrimental. The behavior of surface-
acclimated white perch discharged at minus 35 feet and
raised immediately to the surface was comparable to
that of control fish held at the surface, and surface-
acclimated control fish lowered to minus 35 feet
displayed behavior comparable to that of test fish
discharged and held at that depth.

The designs for the fish sluice transitions, the flume,
and the return pipe, including placement of the
discharge at minus 35 feet, appear suitable for
application in return systems at Indian Points Units 2
and 3.

Results of the quarry site tests were applied in
developing engineering designs for the Units 2 and 3 fish
and debris return systems. Unit 3 return system construc-
tion plans and a notice of intent to fabricate and install
the systems to discharge at the shoreline site were
transmitted to the parties by letter dated June 4, 1990.
The Unit 3 installation was completed during the fall 1990
refueling outage, and became operational when the unit
returned to service in December 1990.

During the development of engineering plans for the
Unit 2 return system, spatial constraints dictated the need
for a fish collection sluice layout that was different from
what had originally been contemplated. Since the Ristroph
screens were to be moved to a forward location in the intake
bays, a conventional layout for the sluice would block
access to the front of the deck. In such a layout the fish
sluice would extend as a straight channel from screen 21
through screen 26 at about 4 feet above deck level, and
would span the approximately 30 foot access way to the front
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of the intake between screens 23 and 24. Further, access to
the front of the intake would not be possible from either
the south end because of the location of wash water and
electrical supply systems for the Ristroph Screens, or from
the north end because of the location of the fish and debris
sluices. In the favored alternate layout (Figure 1), the
fish and debris collection sluices for screens 21 through 23
would drain to the south, make 1800 turns, and then
discharge into existing sluices below deck level that drain

Hudson River

Fish Ativn tLin

O0 0•

Circulating •t P~a,~e

Figure 1. Layout f or the Fish and Debris ReturnSystems for the Indian Point Unit 2 Ristroph Screens.
(Extension of return line into the Hudson River is shown
f or illustrative purposes only.)

to the north end of intake. The sluices for screens 24
to 26 would drain to the north and discharge into the
sluices conveying fish and debris from screens 21 to 23.
The combined fish sluices and debris sluices would thenfunnel into their respective return pipes to the river.
This arrangement provided the necessary access to the frontof the intake structure. However, because of the additional
turns required by this design, it was believed prudent toevaluate fish and debris transport through a prototype at
the Verplanck quarry. Testing with the prototype began in
the summer 1990.

This report presents the results and conclusions drawn
from the additional live fish release/recovery studies and
the fish collection sluice/return system tests. Part I
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contains the results of the marked live fish release and
recovery studies performed in the fall 1990, and additional
tests performed in the fall 1991 at the recommendation of
the NYSDEC. Part II contains the results of the sluice
tests performed in the summer 1990, and the spring 1991.

PART 1. NXIT 2 RXBTROPI BCREEN RETURN LINE SITING STUDIZS

Section A - 1990 Live Fish Recirculation Studies

Following discussions with the environmental groups'
consultant, Dr. Ian Fletcher, and the New York State
Department of Environmental Conservation (DEC), tests were
conducted to determine whether live fish recirculation would
differ from that of dye from locations offshore of Unit 2
(Aquatec 1990). In September 1990, marked live hatchery
striped bass were released at sites 110 feet and 210 feet
offshore at points from which dye had been released
(Figure 2). Releases were made on each of four tidal

North

HUVDSON IIVER

Original Transect
q 210.

Uni I har

Canal Unit 3 Intake Unit 2 Intake

Indian Point Station

Figure 2. Alternative Fish Return Line
Discharge Sites Evaluated by Release of Live
Marked Fish in 1990.

currents: low slack, maximum flood, high slack, and maximum
ebb. Circulating water pumps at Units 2 and 3 were
operating at full flow (summer rates). Live fish releases
were not made at the Unit 3 return system discharge location
because recirculation potential was considered resolved by
the dye studies. Intake screen washings at both units were
monitored for 96 hours for the recovery of the test fish.
In addition, the efficiency at which these fish could be
expected to be collected from the intakes, if recirculation
occurred, was assessed by determining recovery rates for
marked dead fish (golden shiners) released in front of the
Units 2 and 3 intakes.
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Marked fish recirculation, adjusted for impingement
collection efficiency, was 13.4% and 5.9% from the 110 foot
and 210 foot locations, respectively. However, since
collection efficiency (6.7%) was much lower than expected,
and heavy debris loadings required unscheduled screen
washings as well as interruption of Unit 2 circulating water
pump operation, uncertainty existed as to the reliability of
the results. A decision was made to repeat the test.

During October, live fish were released at a site
160 feet offshore (Figure 2), in addition to the sites at
110 and 210 feet offshore. The Unit 2 circulating water
pumps were operating at the full flow rate. However, the
Unit 3 circulators were off, since the unit was out of
service for refueling. Intake screen washings at Unit 2
were monitored for 96 hours.

The October test was completed as scheduled, although
some difficulties were again encountered in assessing
collection efficiency. Recirculation, adjusted for the
19.8% collection efficiency, was 35.3%, 15.1%, and 11.1%,
from the sites 110 feet, 160 feet and 210 feet offshore,
respectively. Since this test was performed while Unit 3
was out of service, an adjustment was made to reflect
recirculation as if both units were in operation. This
adjustment was made on the basis of therelative
distribution of fish collected at the two Units during the
September test (see Appendix A). The adjusted percent
recirculation from the three release locations was 36.5%,
15.9% and 14.0%, respectively. Though-sensitive to the
collection efficiency'factor, these recirculation values
were, nevertheless, substantially lower than those for dye
(Table 1). Results (Appendix A) were transmitted to the
environmental groups' consultant and to the DEC by letter
dated December 5, 1990.

Dr. Fletcher indicated in a review of the live fish
recirculation studies (Fletcher 1991), that, although
recirculation from 160 feet offshore might not be
significantly different from that from 210 feet, the latter
appeared to be the best choice of the three sites tested.
He concluded that substantial uncertainty still remained as
to the most appropriate location for the return lines, and
suggested that, based on volumetric flux alone,
recirculation from a site 210 feet offshore and about
120 feet south of the Unit 2 intake might be about 50% of
that from the originally proposed location 210 feet offshore
and 145 feet north of the intake.

In a May 10, 1991 letter, the DEC requested that
additional live fish release studies be conducted to
evaluate recirculation from four sites: 1) the original
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proposed site, 2) the site suggested by Dr. Fletcher, 3) the
Unit 3 shoreline discharge site, and 4) an alternate to the
shoreline site located 60 feet offshore. DEC also requested
that engineering and cost assessments be made for installing
return lines to these sites. Arrangements were made to
conduct the additional live fish recirculation studies, and
to prepare the engineering and cost assessments for
installing fish return lines to the various areas specified
by the DEC. By letter dated August 6, 1991, a proposed
scope of work for the live fish recirculation tests was
transmitted to the DEC and to Dr. Fletcher. The work scope
specified the study design and the locations along each of
three transects at which marked live hatchery-reared striped
bass would be released. A revised work scope, reflecting
comments received from the DEC and Dr. Fletcher by letters
dated August 9, 1991 and August 16, 1991, respectively, was
transmitted to them by letter dated September 20, 1991.
Results of these studies, as well as those of full scale
return system tests, are presented here. Engineering and
cost assessments are presented under separate cover (see
UE&C 1992).

Section B - 1991 Live Fish Recirculation Studies

1. Experimental Design for 1991 Recirculation Tests

Factors considered in the design of the recirculation
study included: a) release locations; b) water circulation
patterns; c) precision of results, and d) duration of
monitoring period.

a. Release Locations

Six release locations were proposed for examination
(Figure 3): Four sites, designated as 3-A, 3-B, F-A, and 2-
A, had been identified by the DEC; a fifth (2-B) was
selected as a "control" from which recirculation was
expected to be relatively high; and a sixth site, F-B,
represented a location to which a return system might be
relatively quickly installed, if recirculation from it
proved to be acceptably low. Two of the sites, 2-B and F-B,
each at 60 feet offshore, appeared to be well within the
river zone supplying water to Units 2 and 3 (Figure 4). Two
other sites, 2-A and F-A, each at 210 feet offshore
(185 feet west of the face of the intake) appeared to be
near the outer margin of this zone. The remaining two
sites, 3-A and 3-B, at 60 feet and 0 feet offshore,
respectively, appeared to be outside of it.
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Figure 3. Proposed Locations for Release of
Marked Live Striped Bass for Recirculation
Assessments at Indian Point Station During
the Fall 1991.

b. Water Circulation Patterns

In order to assess tidal effects on fish recirculation,
four tidal current stages (low slack, maximum flood, high
slack, and maximum ebb) were selected as release times.
These stages represented the range of tidal conditions that,
presumably, would have the greatest influence on recircu-
lation of live fish. Also, in order to assess the maximum
influence of cooling water withdrawal on fish recirculation,
the tests were conducted when river flows were near annual
lows and when both Units 2 and 3 were operating at full
circulating water pumping rates. Dye studies (Aquatec 1990)
showed that the highest rates of recirculation occurred when
circulating water pumps were operated at full capacity
(Table 1).

c. Precision of Results

The precision of the results was expected to be
primarily a function of the number of fish available for
recovery from each location. In defining an acceptable
level of precision, the most relevant reference appeared to
be that of Robson and Regier (1964). They proposed as a
standard for "research" studies that the 95% confidence
limits of a parameter estimate be no wider than +/.-10% of
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Figure 4. Location of Six Release Locations for Live Fish Relative to Hudson River Zone
Supplying Cooling Water and Receiving Cooling Water at the Indian Point Station During an
Average Flood Tide.
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its true value. Based on Robson and Regier, a 4,000 fish
sample would be sufficient to achieve a +/-10% confidence
limit at the 95% level of confidence, if the true
recirculation rate was 0.08 or greater. For this
recirculation study, the major interest was in the number of
fish recirculated over a complete tidal cycle. Accordingly,
by releasing 1,000 fish per tide stage, the sample size
would be 4,000 fish per location.

d. Duration of Monitorina Period

The duration of the monitoring period for recovery of
the marked fish was calculated to be approximately
170 hours. This interval reflected the approximate time
required for a parcel of water, beginning on a flood tide to
be eventually moved downstream by the lowest monthly average
freshwater inflow to a point from which it would not return
to the intakes on some later flood tide. Conceptually, the
interval reflected the approximate time required for fish,
moving passively with tidal currents, to be removed from the
zone within which exposure to recirculation might be greater
than that for the population of fish in the river as a
whole. The computations for determination of the duration
for the monitoring period followed those outlined by
Fletcher (1991), and included the cposs-sectional area of
the river at Indian Point (16,182 i ), the long-term lowest
average monthly (August) fresh water inflow at Green Island
(159 i)/s; EA 1991), and an adjustment factor of 1.2 to
reflect downstream input (LMS 1975). Higher flows during
other months of the year would be expected to substantially
reduce the duration of tidally-induced exposure to the water
intakes at Indian Point (Figure 5).

2. Materials and Methods for 1991 Recirculation Tests

a. Marked Live Fish

Hatchery reared striped bass were selected as the test
fish for the recirculation study because of their avail-
ability in adequate quantities of a size typical of fish
impinged (3 to 4 inches, total length). During the week of
September 9, 1991, 24 lots of 1,100 fish each were marked by
clipping one or more fins for identification of the six
locations and four tidal current stages (Appendix B) at
which they would be released. (Although the number
scheduled to be released per location per tide stage was
1,000 fish, an extra 100 fish were marked to provide
allowances for handling and marking mortality.) Fish were
anesthetized with quinaldine to facilitate handling.
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Figure 5. Water Exit Times from the Vicinity
of Indian Point Station Based on Discharges
at the Green Island Dam, Adjusted for
Downstream Inflow.

Following clipping, each lot was placed in a 6 foot diameter
by 2.5 foot deep river water-filled holding tank and given a
15 0/00 salt bath for one hour to stimulate mucus production
and to prevent infections. Mortality within each lot was
assessed 24 hours after tagging. In addition, handling and
marking mortality was also assessed after 17 to 21 days
(depending on the lot) because the start date for the tests
was delayed. Four lots of fish were supplemented with
additional fish to offset higher than expected mortalities
prior to the release.

b. Collection Efficiency

The efficiency at which released fish might be
recovered by the Ristroph screens at Units 2 and 3, if
recirculation occurred, was determined in two steps. First,
the efficiencies at which live and dead fish would be
transferred from the Ristroph screen baskets to the
collection sluices were determined. Marked live and dead
hatchery-reared striped bass were introduced through a
4 inch diameter by 8 foot long PVC pipe into the screen
basket fish rails before their rotation through the high
pressure spray wash on the front (river-side) of the
screens. Approximately 10 to 15 fish were added per rail; a
total of 150 fish were used in each test. Although
observations were made to determine if fish missed or
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observations were made to determine if fish missed or
escaped the rail during introduction, the auxiliary mesh on
the leading edge of the rails appeared to effectively
prevent such losses. None were observed to be lost nor were
any collected from the front debris sluices during these
tests. Test fish were recovered by screening the collection
sluice water flow and by inspection of the sluices at the
end of each test.

The second step of the collection efficiency testing
included the determination of the rate at which dead
hatchery-reared striped bass would be collected from the
intake water. These tests were conducted prior to and
during the recirculation study. Marked dead striped bass
were released at two locations: 1) at the face of the bar
screens at the entrance to the intakes; and 2) seven feet
inside the intake forebay, approximately five feet in front
of the Ristroph screens. Similar tests were not performed
at Unit 3 because the commonplenum formed by the bar
screens at the entrance to the intakes precluded access to
individual intake bays. Also, these tests were not
performed with live fish at either unit because it was
considered likely that some of the fish would escape to the
river, making the interpretation of numbers recovered
relative to numbers released of uncertain meaning.

Marked dead fish released in front of the bar screens
were lowered to the desired depth in a ten gallon container
outfitted with a remotely removable cover. Fish released
into the forebay were flushed through a 1.5 inch diameter
PVC pipe inserted through the bar screen. Although the
calculated time for recovery of the fish for releases at
both the bar screen location as well as inside the intake
bay was approximately 18 minutes for a screen rotation speed
of 2.5 feet per minute, the sluices were monitored for
one hour. A total of 150 fish were released on each'of the
tests.

Following initial tests of recovery from in front of
the bar screens, approximately neutrally buoyant objects
(water-filled ping-pongballs) were released to determine
whether the observed losses of fish was due to predation.
In one test, 21 balls were released with 150 dead striped
bass at a depth of 17 feet at the face of a bar screen. In
the second test, 18 balls were released with 150 fish at a
depth of 21 feet also at the face of a bar screen.
Recoveries were made in the same manner as for the dead
fish.
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C. Plant Ooerations

All circulators were to be operated continuously at
140,000 gpu/pump (full flow rate) at both Units 2 and 3
during the test interval. In addition, all Ristroph screens
were to be rotated continuously at 2.5 feet/minute at both
units during the test interval.

d. Live Fish Release

The release of marked striped bass commenced at the
time of the low slack tidal current (Noon) on September 30,
1991. Fish were transported by boat from the Verplanck
hatchery approximately one mile to the release locations at
the Indian Point Station in ten gallon screen-aided
containers within an oxygenated water bath. The fish were
released five feet above the river bottom, the approximate
depth at which the return line discharge would be placed.
Offshore sites were marked with buoys to facilitate their
repeated location for releases. The specific mark (fin-
clip) for the tide stage and the location of release was
recorded and verified by removal and preservation of one
fish from each lot released. The quantities of fish
released by tag code were determined by subtracting from the
numbers marked, the cumulative mortalities plus the single
fish removed for tag verification.

e. Recirculated Fish Recovery

Recirculated fish were recovered with nets and screens
installed in the sluices during the monitoring period, which
was continuous from 12:00 hours on September 30, 1991
through 12:00 hours on October 7, 1991 (168 hours). At
Unit 2, the front debris sluice for screens 24 to 26 was
monitored separately, while that for screens 21 to 23 was
monitored in conjunction with the rear debris sluice into
which it discharged. At Unit 3, the front debris sluice was
not monitored since collection efficiency results showed
only negligible potential for fish to be washed out of the
basket rail by the front high pressure wash. Nets and
screens were examined hourly, or at more frequent intervals,
as necessary. The times and dates of collection of marked
hatchery and wild striped bass were recorded. Also, the
quantity of blue crabs collected in the screen washings was
recorded for assessment of potential predation losses.
Screen operation status and water quality parameters were
monitored at approximately 12 hours intervals (Appendix C).

f. Data Analyses

The numbers of recaptured hatchery striped bass were
compiled, evaluated for potential biases, and then subjected

13



to contingency analyses (Sokal and Rohlf 1969) to determine
whether their recirculation was related to the release
location and tidal current. An error rate of a = 0.05 was
used in these analyses. In addition, planned comparisons
were made among the release locations 2-A and F-A, 3-A and
3-B, 2-A and 3-B, and F-A and 3-B in response to the May 10,
1991 DEC request. Although these comparisons involved
repeated tests with the same data, and accordingly,
justified a more restrictive error rate, a - 0.0125 (0.05/4;
4 - the number of tests performed), the experiment-wise rate
of a - 0.05 was used to avoid failure to detect differences
that would be significant at the more conventional error
rate.

3. Results of 1991 Recirculation Tests

A total of 2,497 (9.8%) of the 25,374 marked hatchery
striped bass released were recovered: 1,810,were recovered
at Unit 2; 687 at Unit 3 (Table 2; Appendix D). The tidal-

averaged recirculation from four locations (3-A, 3-B, F-A
and 2-A) was uniformly low (range 3.0 to 4.3%), suggesting
that these potential return sites were near the outer limits
of the model-projected zone of intake water withdrawal"
(Figure 6).
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Figure 6. Percent Recoveries of Marked Live
Hatchery Striped Bass Released at Six Locations at
Indian Point Station, Fall 1991.

Percent recirculation of fish from the two near-shore
sites at Unit 2 (2-B 29.2%, and F-B 14.6%),,which appeared
to be within the intake water zone of withdrawal, supported
Dr. Fletcher's projection that recirculation would be
approximately 50% lower from a discharge site south of the
intake relative to that from one located north of it.

Prior to analysis, the data were examined to determine
whether adjustments for potential biases were necessary.
Factors considered included:

a. Adeguacv of SamDling Interval

A plot of the cumulative percent recovery of fish
recirculated (Figure 7) showed that most recirculation
occurred within three days (approximately six tidal cycles)
following release, with the exception that on the 7th day
the numbers collected from two locations were slightly
higher than on the immediately preceding day. These
increases were probably due to the recovery of fish that had
been collected from the intake by the screens but had
remained in the sluices longer than most and were recovered
only when the sluices were thoroughly cleaned at the end of
the test. ýThe overall results suggested that the monitoring
period was adequate in duration.
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Figure 7. Cumulative Percent Recovery of
Marked Striped Bass Released at Six Locations
at Indian Point Station, Fall 1991.

b. Handling and Tagging Mortality

Mortality among the hatchery striped bass from handling
and fin-clipping averaged 3.1% over the first 24 hours
(Table 3). Since the start of the recirculation test was
delayed from September 13 until September 30, 1991 due to
intake bar screen fouling with widgeon grass (Vallioneiia
AR.), handling and tagging latent effects were monitored
until testing began. The additional mortality over the
two and one-half week delay averaged approximately 1%, for a
total of about 4.1% (Table 3).

The numbers of fish in four tanks in which the
mortalities were elevated were supplemented by marking
additional fish. Since the overall mortality of marked fish
was low, particularly during the two week plus delay in the
start of testing, adjustment of the numbers released to
reflect marking and handling mortality was considered
unnecessary.

c. Collection Efficiency

At Unit 2, the efficiency of transfer of live and dead
hatchery striped bass from the Ristroph screen baskets to
the collection sluices averaged 97.5% and 97.3%, respec-
tively (Table 4). At Unit 3, live and dead fish transfer
efficiencies averaged 87.8% and 100%, respectively. Results

16



Table 3. Handling and Tagging Mortality of Hatchery Striped
Bass Marked by Fin Excision for Assessment of Live
Fish Recirculation Rates From Proposed Ristroph
Screen Return System Discharge Locations During
the Fall 1991.

Clip Number 24 Hour Mortality 21 Day Mortality
Code Cliped Number Percent Number Percent

1 1100 26 2.4 31 2.8
2 1100 4 0.4 6 0.5
7 1100 0 0.0 11 0.1
4 1100 0 0.0 4 0.4
3 1100 0 0.0 4 0.4
6 1100 29 2.6 35 3.2
5 1100 13 1.2 18 1.6

12 1100 6 0.5 24 2.2
17 1100 0 0.0 14 1.3
16 1100 1 0.1 30 2.7
15 1100 129 a 11.7 145 13.2
26 1100 70 b 6.4 81 7.4
25 1100 34 3.1 36 3.3
76 1100 38 3.4 84 7.6
75 1100 38 3.4 45 4.1
14 1100 45 4.1 48 4.4
13 1100 57 5.2 61 5.5
24 1100 36 3.3 40 3.6
23 1100 1 0.1 26 2.4
74 1100 1 0.1 5 0.4
73 1100 2 0.2 7 0.6

127 1100 192 c 17.4 195 17.7
27 1100 96 d 8.7 104 9.4
45 1100 12 1.1 13 1.2

Totals 26400 830 3.1411079 4.09

Supplements: a - 100; b -25; c - 150; d - 50 fish.

of the initial Unit 3 live fish transfer efficiency were
determined'to be biased low when hatchery fish were observed
in the collection sluice but could not be recovered with the
equipment available at the end of the test.
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Table 4. Efficiency of Transfer of Live and Dead Hatchery
Striped Bass from Ristroph Screen Baskets to
Collection Sluices at Indian Point Units 2 and 3.

Fish Number Number Percent
Date Unit Screen Condition Released Recovered Recovered

9/6 2 24 alive 150 144 96.0

9/6 2 23 alive 150 146* 97.3

9/6 2 23 alive 150 149 99.3

Unit 2 Live Fish Average - 97.5

9/13 2 23 dead 150 145 96.7

9/13 2 24 dead 150 144 96.0

9/13 2 23 dead 150 149 99.3

Unit 2 Dead Fish Average = 97.3

9/16 3 31 alive 150 135** 90.0

9116 3 36 alive 150 120** 80.0
9/16 3 36 alive 150 140** 93.3

Unit 3 Live Fish Average = 87.8

9/13 3 31 dead 150 150 100.0
9/13 3 31 dead 150 1150 100.0

Unit 3 Dead Fish Average = 100.0

* One fish was recovered from the rear debris sluice.
** Recovery was hampered by residency in the sluice. Actual

transfer efficiency is believed to be comparable to that
observed for live fish tested at Unit 2.

At Unit 2, the recovery of dead striped bass released
in front of the bar screens averaged 76.7% (Table 5). An
assessment of whether predators might be reducing these
recoveries was made by determining the percent recovery of
"neutrally buoyant" objects. The average of two tests was
79.5 % (range = 71.4 to 88.9%), which was similar to the
76.7% recovery for dead fish (Table 5). Since it was
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Table 5. Efficiency of Collection of Dead Striped Bass from
the Indian Point Unit 2 Intake Water.

Date Screen Release Depth Number Number Percent
Location (FeetL Released Recovered Recovery

9/13 25 River* 14 150 109 72.7

9/13 25 River 7 150 99 66.0

9/16 22 River 17 150 104 69.3

9/16 22 River 21 150 148 98.7

River Front Recovery of Dead Fish Average = 76.7

9/17 25 Forebay 7 150 144 96.0

10/3 25 Forebay 7 150 148 98.7
10/3 22 Forebay 7 150 147 98.0

Forebay Recovery of Dead Fish Average = 97.5

9/16 22 River** 17 21 15 71.4

9/16 22 River** 1 18 16 188.9
River Front Recovery of Neutrally Buoyant Objects Avg = 79.5

* Fish were released at the face of the bar screen.
** Tests were performed with water-filled ping pong balls.

doubtful that the "neutrally buoyant" objects were preyed
upon by fish or blue crabs, the results suggested that other
factors were influencing recoveries from this area.
Localized eddies may have swept the dead fish away from the
intakes or entrapped them in areas out of the inflow
currents.

The recovery of dead striped bass released inside the
intake bay averaged 97.5%, and was essentially the same as
efficiency of transfer of fish from the screen baskets to
the collection sluice. Based on these results, it was
expected that nearly 100% of the fish that actually
encountered the Ristroph screens would be recovered.
Accordingly, it was considered unnecessary to adjust numbers
of fish recirculated for collection efficiencies.
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d. Plant Operations

Two mechanical problems occurred that had the potential
to influence fish recovery rates. One occurred at Unit 3
shortly after the start of testing. The sampling screen
for the front debris sluice became clogged with debris and
caused the sluice to overflow. This flooding interrupted
other work, and, when it became evident that small amounts
of debris could cause recurrences, management requested that
the screen be removed. Although monitoring of this sluice
was terminated early, this circumstance was considered to be
inconsequential because the transfer of live and dead fish
from screen baskets to the fish collection sluices at both
Units 2 and 3 averaged over 98% and suggested that few, if
any, fish would be discharged to the front debris sluice.

The second mechanical problem occurred at Unit 2 when
screen 21 was shut down for a six-hour period. This
incident was believed to have not influenced fish recovery
rates because the associated circulating water pump
continued to operate. With the continued intake flow, it
was considered unlikely that fish impinged on the screen
mesh, or residing in the fish rails would have escaped. The
only apparent potentially adverse condition associated with
this incident was that recirculated fish might be recovered
damaged or dead due to the extended impingement interval.

e. Peai

Recirculated hatchery fish were examined for evidence
of damage due to predation. A total of 2,300 (92.1%) were
collected alive and undamaged; 163 (6.5%) were injured, and
34 (1.4%) were dead. Injuries ranged from slight bruises to
hemorrhages. Of the 34 hatchery striped bass collected
dead, all were missing relatively cleanly excised body
parts, suggestive of bites by other fish. The predators
observed in the collections included blue crabs and
bluefish. Although a total of 476 juvenile and adult blue
crabs were collected (Table 6), it appeared unlikely that
they caused the mortalities. During monitoring, crabs
appeared to actively avoid live fish in the sluices. Also,
during collection efficiency tests, none of the blue crabs
in the recovery samples were observed to prey on the test
fish. Approximately 35 bluefish, (8-10 inches in length),
were collected from the sluices during the testing, and were
suspected to be the species most likely to have preyed on
the hatchery striped bass. However, no adjustment for
potential losses were made since information on the quantity
of bluefish in the area or their feeding habit was not
available.
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Table 6. Occurrence azd Distribution of Blue Crabs During the
September 30 - October 7, 1991 Live Hatchery Striped
Bass Release and Recovery Study at Indian Point
Units 2 and 3.

Date Unit 2 Unit 3 Total

September 30 11 10 21

October 1 37 22 59

October 2 38 9 47

October 3 50 16 66

October 4 40 22 62

October 5 26 56 82

October 6 24 52 76

October 7 14 49 63

Totals_____ 240 mm236 1 476

.f. M.Jbu to

Although collection efficiency tests shoved that the
potential for miscounts of marked fish was low, a potential
bias existed with respect to the 34 fish that had
experienced predation damage. Fin loss occurred on all of
these fish, precluding determination of their release
locations. The primary concern about these fish was that
they represented recoveries, which if classifiable to a
specific release location, could result in a different
interpretation of recovery rates from among the six
locations. Under a worst case scenario, all 34 fish could
have come from a single release location. However, it was
thought that a more likely scenario would be that they were
recirculated from several release sites. Since 30 of these
fish were recovered at Unit 3, their origin was assumed to
be most realistically represented by the proportional
distribution among release sites of the recaptures at that
Unit (Table 7).' Based on this distribution, site F-B would
have contributed 11 of the 30 fish (0.38 X 30 = 11), site 3-
B would have contributed 7, and Site 3-A - 5. The other
three locations would have contributed about 2 fish each.
Since the overall recirculation rate for fish reieased at F-
B was relatively high (14.6%) compared to recoveries from
the other four locations [excluding site 2-B, since few fish
(49 out of 4,307; 1.1%) released at that site were collected
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Table 7. Source Distribution for Hatchery
Striped Basns Recovered at
Indian Point Unit 3, Fall 1991.

Release Number Percent
Location Recovered Contribution

2-A 54 7.86'

2-B 49 7.13

F-A 49 7.13

F-B 262 38.14

3-A 110 16.01

3-B 163 23.73

Total 687 100.00

at Unit 3), the allocation of 11 more fish to the number
collected from it would be of little consequence in the
selection of the Unit 2 return line discharge site. As for
the other sites, based on the distribution of the
unclassified fish among them, the incremental increase in
recirculation from each was negligible. For example the
addition of seven fish to the recoveries from mite 3-B
increased the return rate by less than 0.2 percentage points
(From Appendix Table D-7: (183 + 71/(42611 X 100 = 4.46%
versus 4.29%). Accordingly, the source of the 34 fish was
considered immaterial in the analyses of recovery rates, and
they were excluded.

Other potential contributions to miscounts, such as.
entanglement in debris, or technician errors, were believed
to have been minor and random, if they occurred at all.
Debris loads were relatively light during the test interval,
making collections of hatchery fish easy, and pooling the
numbers recirculated across tides reduced the influence that
miscounts could have on small sample sizes.

4. Analyses and Discussion of Recovery Rates

The live fish recovery data were subjected to a three-
way contingency analysis to determine whether the numbers
recirculated were independent of location and tidal current
at the time of release. The analysis demonstrated that
significant interaction (G - 1075.2, d.f - 15f a -0.05;
Critical G - 25.0; Appendix Table E-1) existed among the
three variables, indicating that recirculation was a
function of release location and tide stage. Upon
inspection of the data (Figure 8), it became obvious that
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Figure 8. Percent of Hatchery Striped Bass
Recovered at Indian Point Station Relative to
Release Location and Tide Stage at Six Sites,
Fall 1991.

the relatively high recirculation from locations 2-B and F-B
were major contributors to the lack of independence. Total
numbers recovered by tide stage at these two locations were
usually substantially higher than those from the other four
locations, indicating that these sites were probably
unsuitable as permanent return line discharge sites.
Accordingly, they were not considered in further analyses.

Recirculation from the four remaining locations (2-A,
F-A, 3-A, and 3-B) were also subjected to a three-way
contingency analysis, which disclosed that significant
interaction still existed (G = 176.5, d.f. ,= 9, a = 0.05;
Critical G = 16.9; Appendix Table E-2). However, since the
magnitude of the recirculation rate differences across tide
stages at each of these locations was small, generally less
than 10% (Figure 8), and our primary interest was in the
differences in overall recirculation from the various
locations, data were pooled across tide stages for the
analyses suggested by the DEC. Four location-specific
contingency analyses were performed: 1) Fletcher location
versus the original proposed site (F-A versus 2-A); 2) NYPA
shoreline discharge location Versus the 60 foot offshore
release site (3-B versus 3-A); 3) original proposed site
versus the NYPA shoreline discharge (2-A versus 3-B); and 4)
the Fletcher site versus the NYPA shoreline discharge site
(F-A versus 3-B). For these comparisons, the experiment-

23



vise error rate of a - 0.05, instead of the allowable
a - 0.0125, was used.

a. Fletcher Site Versus Original Proposed Site

The 2 x 2 contingency analysis disclosed significant
site effects in the recirculation from F-A and 2-A
(G - 4.04, d.f. - 1, a - 0.05; Critical G - 3.84;
Appendix Table E-3). Since the actual difference was only
0.7 percentage points (3.0% and 3.7%, respectively), it was
concluded that there was no practical difference in recircu-
lation from these the two locations.

b. NYPA Shoreline Discharae Versus Offshore Site

Recirculation from locations 3-A and 3-B (3.6% and
4.3%, respectively), were found to be independent of release
location (G - 2.68, d.f. - 1, a = 0.05, Appendix Table E-3),
indicating that there was no difference in recirculation
from these two sites.

c. Oriainal Proposed Site Versus NYPA Shoreline Discharae

Recirculation from the Unit 3 discharge site (3-B)
relative to the recirculation from the originally proposed
site (2-A) was also found to be independent of release
location (G = 1.67, d.f. = 1, a - 0.05; Appendix Table E-3).

d. Fletcher Site Versus NYPA Shoreline Discharae

The 2 x 2 contingency analysis disclosed significant
site effects in recirculation from F-A and 3-B (3.0% and
4.3%) (G = 10.82, d.f. = 1, a - 0.05; Critical G = 3.84;
Appendix Table E-3). Since the actual difference in
recirculation rates between 3-B and F-B was 1.3 percentage
points, it was concluded that there was no practical
difference in recirculation between these two sites.

Overall, recirculation of fish from the originally
proposed site and the two Unit 3 sites was substantially
lower than that noted for both dye and live fish during the
1990 studies. The results demonstrated a diminishing
difference in recirculation between north-of-intake and
south-of-intake locations at the offshore sites compared to
their onshore components. Recirculation at 2-B was 100%
higher that at F-B, while recirculation at 2-A was only 23%
higher than at F-A. Although tide-specific fish
recirculation rates from the nearshore sites at Unit 2
supported Dr. Fletcher's projection of an approximately 50%
reduction in recirculation from an on-shore site south of
the intake relative to that from a comparably located site
north of it (see Appendix D), tide-specific fish
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recirculation rates from the off-shore sites did not. This
and the fact that fish recirculation was substantially lower
than that of dye from Site 2-A (see Table 1; dye
recirculation from site F-A was not evaluated), suggested
that both sites may be so close to the margin of the
withdrawal zone that the movements (directed or random) of
fish released at those points quickly removed them from the
influence of passive transport processes. The return of a
few fish to the intakes might have been due more to random
movement than to transport by water. The same may have been
true at the Unit 3 sites. Recirculation from sites 3-A
(3.6%) and 3-B (4.3%) near Unit 3 was essentially the same
as that from the off-shore sites at Unit 2 (Figure 6).
Based on the relatively low recirculation rates from these
four sites (range = 3.0 to 4.3%), it would appear that any
one would be suitable as a fish return line discharge site
for the operating conditions tested. Further, with
increased fresh water discharges during other seasons, the
duration of exposure to recirculation would be shorter,
which might reduce recirculation below the levels recorded.

However, a 1985 winter-time hydroacoustic survey
offshore of Indian Point detected fish movements which
followed the direction and rate of tidal flows, indicating
that at least some fish were being passively transported.
Impingement collections suggested that the fish observed
were white perch. If white perch or other species are
transported passively by water currents in cold water, the
fall 1991 live-fish recirculation rates might not be an
accurate indicator of overall annual recirculation
potential. Rather, live-fish rates may apply to warmer
seasons, while dye recirculation rates might more
realistically reflect recirculation in the winter,
particularly for white perch. Accordingly, under the
winter-time reduced flow pumping conditions, if
recirculation of white perch from site 2-A located north of
the intake was entirely passive and, as a result, the same
as that for dye (32%), then by application of Dr. Fletcher's
projection, recirculation from Site F-A, located downstream
of the intake, might only approach 16%. At Unit 3, where
the test discharge sites are south of the intake, white
perch recirculation might approach 12% from the shoreline
site (3-B) and 18% from the offshore site (3-A), the
respective dye recirculation rates from these sites under
reduced flow pumping conditions.

In order to evaluate the potential influence of passive
fish recirculation among the sites in the absence of winter-
time live fish recirculation data, live fish and dye
recirculation rates were used along with average monthly
impingement rates (1975 - 1990) at Indian Point Unit 2
(Appendix G) to project potential levels of annual
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recirculation. Hydraulic model data suggested that dye
recirculation from F-A would not be higher than from 2-A
(which was determined to be 32% at winter flows), and Dr.
Fletcher estimated that it might be on the order of 50% of
the 2-A rate. However, because it is unlikely that any
indigenous Hudson River species of fish is entirely
"passive" in cold water, application of dye rates to all
species would almost certainly overestimate total
recirculation. Accordingly, various assumptions about
"winter" recirculation were made as follows:

0 Essentially passive fish recirculation is most
likely to occur when water temperatures are low.
Two "cold water" periods of assumed "passivity"
were selected to reflect a range of potential
conditions:

* December - March (projected maximum duration;
long-term monthly average water temperature at
or below 400 F)

* January - February (most likely interval; water
temperature at or below 360 F)

* White perch recirculation rates from sites 3-A, 3-
B and 2-A, for which dye recirculation data are
available, were assumed to be reflected by the dye
rates during the passive recirculation period.
Recirculation rates of other species (e.g.
Atlantic tomcod) were assumed to be reflected by
live-fish rates during the passive recirculation
window.

0 Passive white perch recirculation from site F-A,
for which dye recirculation rates are not
available, may be reflected by the rate projected
by Dr. Fletcher, but could actually be lower or
higher. Accordingly, a range of recirculation
rates, including 25%, 50%, and 100% of the dye
recirculation rate for site 2-A, were applied.
Recirculation rates of other species (e.g.
Atlantic tomcod) were assumed to be reflected by
live-fish rates during the passive recirculation
window.

Since differences in recirculation rates among sites
are important only to the extent that they affect the
numbers of fish saved by the Ristroph screen system,
adjustments were made to reflect that some of the fish
collected by the screens are not returned to the water
alive, and that recirculation and re-impingement on the
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screens, while probably stressful, does not necessarily
result in morbidity.

In order to evaluate differences in the numbers of fish
mortalities due to differences in recirculation among return
sites, Dr. Fletcher's mortality/morbidity data (Fletcherý
1990) were applied to long term average impingement levels
at Unit 2 (Appendix G) in two steps, as follows:

1). The number of fish that might be returned alive to
each site after their initial encounter with the
screens was calculated. Species-specific survival
rates were used when available; for other species,
best estimates were derived from the studies. For
example, alewife rates determined by Dr. Fletcher
were applied to other herrings plus anchovies
because these species have relatively similar
sensitivities to handling.

2). Since an individual fish can, in theory, be
recirculated several times and no re-impingement
survival data are available, calculations were
made on the assumption that survival during the
first recirculation episode was 50% of the
survival during the initial impingement, 25% on
the second recirculation episode, and 0% on the
third iteration.

Table 8 presents estimated numbers of all fish combined
that may be lost as a result of recirculation from the
release sites under various assumed conditions. As
discussed above, a range of passive recirculation rates was
applied in order to project possible lower and upper bounds
for recirculation from site F-A. In addition, estimates
were made for two possible passive recirculation windows
(December through March; January through February).

Annual percent losses due to recirculation from each
site can be calculated as the number of fish lost due to
recirculation (re-impingement) divided by the number of
impinged fish initially returned alive to the river (x 100;
Table 9). Based upon/the information available, and the
various assumptions made regarding-recirculation, it appears
that any of the Unit 2 offshore sites or the Unit 3 sites
would be suitable return system discharge sites.
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Table B. Bstimated Annual Fish Mortalities Due to Recirculation
from Four Potential Discharge Sites for the Indian Point
Unit 2 Return System.

Recirculation Estimated Numbers (1000)
Rate (%)' Annual Fish Mortalities

Site Active Passive Passive Recirculation
Fish Fish Window

(Estimated) Dec - Mar Jan - Feb

3-A 3.6 18 85 62
3-B 4.3 12 65 52

2-A 3.7 32 148 98
F-AI.25) 3.0 a 43 35
F-A(.50) 3.0 16 74 53
F-A(1.0) 3.0 32 145 94

Estimated recirculation rates for sites 3-A, 3-B, and 2-A are
based on winter-time dye recirculation rates; estimated
recirculation rates for mite F-A are based on 25%, 50%, and
100% of the site 2-A winter-time dye recirculation rate.

Table 9. Estimated Annual Mortality (Percent)* of Fish from Four
Potential Return Locations for the Indian Point Unit 2
Ristroph Screen System.

Recirculation Estimated Percent
Rate (%) Annual Fish Mortalities

Site Active Passive Passive Recirculation
Fish Fish Window

(Estimated)* -Dec - Mar Jan - Feb

3-A 3.6 18 6.4 4.6
3-B 4.3 12 4.8 3.9

2-A 3.7 32 11.1 7.4
F-At.25) 3.0 8. 3.2 2.6
F-A(.50) 3.0 16 S.S 4.0
F-A 1.0) 3.0 32 10.8 7.0

* Percent (%) of impinged fish initially returned alive at
Indian Point Unit 2 as a result of recirculation and re-
impingement, based upon the two step analysis described above.

** Estimated recirculation rates for sites 3-A, 3-B, and 2-A are
based on winter-time dye recirculation rates; estimated
recirculation rates for site F-A are based on 25%, 50% and
100% of the site 2-A winter-time dye recirculation rate.
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PART XX..UNIT 2. PaiTII.UN!!2 SSTUDESIGN STUDIES

Section A - 1990 Fish Sluice Desian Studies

Following evaluations of the flume and return pipe
components (Con Edison and NYPA 1990), the return system
design testing was expanded to include the third component,
the fish collection sluice. Although the original plan was
to evaluate these sluices following installation of the
Ristroph screens at Indian Point, the convenience of testing
at the quarry site provided the basis to perform this work
there as well.

1. Prototype Fish Collection Sluice and Return System

During the summer 1990, a preliminary design for a
complete Unit 2 return system, which included collection
sluices, channel bends, elevation changes, and the
confluence of flows from two channels, was installed at the
quarry and tested. Conceptual engineering designs for the
favored alternative layout were used to fabricate the
prototype (Figure 9). The width of the fish collection
sluices was 3 feet, the same as that evaluated on the Unit 2
Ristroph test screen (Fletcher, personal communication
1985). The sluice side wall to bottom union was formed on a
3-inch radius of curvature to minimize the area of flow
stagnation in corners (Sellin 1970) and to enhance fish
transport. The 36 foot long sluice for screens 21 to 23 was
set at a slope of approximately 0.125 inches per foot. It
discharged through an 18 inch long tapered channel into a
12 inch diameter pipe, which made a lateral 1800 bend (C-
bend) on a 3 foot radius, and then angled downward at a 450
(vertical offset section) for approximately 8 feet to the
simulated "in-deck" sluice (sluice located below the level
of the intake deck surface). The in-deck sluice, which at
it• head end, was positioned five feet lower in elevation
than the fish sluice for screen 21, was simulated with a
series of pipes and channels set at a slope of 0.1 inch per
foot. The in-deck sluice terminated at the end of a 450
lateral bend (four foot radius of curvature) at the entrance
to the 3 foot wide confluence channel. The fish sluice for
screens 24 to 26 was identical to that for screens 21 to 23.
It discharged through a 10 foot long tapered channel into a
10 inch diameter pipe, which made a lateral 450 bend and
then sloped downward on a 450 angle for about 12 feet to the
confluence channel. Downstream of the 12 foot long
confluence channel, the flow passed through a 12 foot long
tapered channel and a 10 inch wide by 4 foot long covered
"funnel", which were set at a pitch of about 0.8 inches per
foot. These sections created the transition from the open
channel of the in-deck sluice to the closed conduit of the
flume. The increased pitch caused the flow to accelerate,
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Figure 9. Prototype Fish Collection Sluice Layout for
Indian Point Unit 2.

which reduced the potential for a hydraulic jump at the
entrance to the flume. The approximately 90 foot long flume
discharged at quarry level into the 10 inch diameter
150 foot long return pipe.

The return pipe was set to discharge in a horizontal
direction at a depth of 40 feet, which would be the
approximate depth of the discharge for a return line
extending about 200 feet offshore at Unit 2.

In addition to the prototype collection sluices for the
circulating water Ristroph screens, a similar sluice system
was constructed to model those for Ristroph screens to be
installed in the service water bays (Figure 9). These
sluices were installed to discharge into the in-deck sluice
conveying fish from screens 21 to 23.

Water for operation of the return system was by
supplied by gasoline-powered pumps of 300 to 500 gpm
capacity. Water was added by 1) a manifold system that
simulated the entrance of spray wash water from each screen,
and 2) a supplemental supply at the upstream end to gently
flush fish out of the sluices.
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2. Test Procedures for the
Collection Sluice and Return System

Test procedures followed those outlined in the July
1990 report, and consisted of installing a fish collection
cage at the return pipe discharge, adjusting the sluice flow
to the desired volume, and then releasing the test fish,
generally in quantities of 50 fish per species per test,
into the upstream end of a sluice. Control fish were
released into a separate cage, which was either held in
surface water, or lowered to the 40 foot depth at which test
fish would be collected. Test and control fish were then
either held in surface water, or at minus 40 feet for
assessment of latent effects. At the end of the latent
effects assessment period, fish were removed from the cages
and classified as alive, damaged but alive, dead, or
missing. Tests were performed with alewife, white perch,
striped bass and golden shiner.

3. Test Results

a. July 18. 1990 Tests

The initial tests to evaluate the effects on fish of
transport through the full scale return system were
performed with alewives and golden shiners on July 18,.1990.
Test fish were obtained from a local live bait dealer. In
the first test, fish were released into the screen 21-23
portion of the sluice system (See Table 8 for test
conditions). During transit through the system five alewife
and 2 golden shiners were discharged through a portal in the
flume located approximately 4 feet above the quarry when
escaping air disrupted flow. These fish were not included
in the assessments of survival. (Fish that were missing
from the collection nets were also not included in the
assessment of survival, since their condition could not be
determined.)

Divers reported that following discharge from the
return pipe most of the alewives appeared to be in excellent
condition and stayed near the top of the net; two were
apparently injured and were laying on the bottom. However,
golden shiners were agitated and within seconds all appeared
lifeless at the bottom of the net. In a second test, which
was performed in the screen 24-26 portion of the system,
divers observed the alewives again to be discharged without
apparent damage, while the golden shiners became agitated
and then went into a state of lifelessness. The response of
the golden shiners was in marked contrast to their
relatively calm behavior and nearly 100% survival following
passage through a flume and return pipe arrangement set to
discharge at minus 35 feet (Con Edison and NYPA 1990). The
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exposure to the 10.10C temperature at minus 40 feet relative
to the 24.86C surface water temperature to which they had
been acclimated was the suspected cause of the response
rather that the design of the fish collection sluice system.
To confirm this, 20 golden shiners were placed in a five
gallon screen-covered pail and taken to minus 40 feet by
divers. These fish became agitated during the descent and
within two minutes, all were motionless on the bottom of the
pail. After 20 minutes, the pail was returned to the
surface, and within minutes all of the shiners resumed
active swimming.

Latent effects assessment after a 24 hour hold period
at minus 40 feet disclosed that 19 of the 45 alewives
discharged into the collection net in the first test were
alive, 5 were dead and 21 were missing (Table 10). A total
of 10 golden shiners were alive, one was dead, and 37 were
missing. Upon examination, a hole was found in the
collection net, the apparent avenue of escape for the
missing fish. Results of the second test included 16
alewives alive, 23 dead and 11 missing; a total of 47 golden
shiners were alive, while 3 were dead.

Although these initial tests were performed without
control fish for assessment of handling effects, the levels
of survival among alewives in the two tests (19 of 24,
79.2%; and 16 of 39, 41.0%) was lower than the nearly 86%
survival (unadjusted for control fish survival) recorded
during earlier tests (Con Edison and NYPA 1990).
Temperature shock was a suspected contributor to the
mortality. Interestingly, most of the golden shiners that
displayed adverse reaction to the cold water eventually
recovered. Survival rates for golden shiners were 90.9% and
94.0% in the two tests. Although test fish were examined
for signs of damage, only minor scale loss was observed on a
few fish.

The loss of fish through the portal in the flume and
the inability to discharge quantities of water greater than
about 1,000 gpm during these tests was caused by
intermittent blockage of flow by accumulations of air in the
pipe at the quarry surface. As a means to vent the
entrained air, a 10 inch wide by 12 foot long "chimney" was
added to the upper half of the return pipe at the quarry
water interface (Figure 10). This chamber provided about 10
square feet of area directly above the return pipe and
across which air bubbles could rise while allowing the flow
to enter the return pipe.
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Table 10. July 18, 1990 Evaluation of Model of Indian Point
Unit 2 Fish Collection Sluice and Return System.

Test Conditions

Sluice 21 to 23 Sluice 24 to 26

Return Pipe Length: 150' Return Pipe Length: 150'
Discharge Depth: 40' Discharge Depth: 40'
System Water Flow: 950 gpm System Water Flow: 950,gpm
Debris: 2 gals leaves Debris: 2 gals leaves
Transit Time: 92 Sec Transit Time: 81-168 sec
Temp (OC): Surface 24.8 Temp (OC): Surface 24.8

-40 Feet 10.1 -40 Feet 10.1

Alewife N = 50 Alewife N = 50
C =0

Time A D II M Time A D I M

15 min 43 0 2 5 15 min 50 0 0 0

24 hr 19 5 0 21 24hr 16 23 0 11
Survival* (1124 xloo =79.2% Survival (16 391xlOO= 41.0%

Golden Shiner N = 50 Golden Shiner N = 50
C= 0

Time A D I M Time A D I M
15 min 0 0 46 2 15 min 0 0 50 0

24 hr 10 1 0 37 24 hr 47 3 0 0

Survival (10/11)x00 = 90.9% Survival (47/50)x100 = 94.0%

A = Alivei D - Dead; I - Damaged but alive; M = Missing

* Since the status of missing fish could not be determined,
these fish were discounted as numbers available for
cornutation of survival rates.

Other observations of the return system disclosed that
the confluence of flows from the two sluices caused an
undesirable hydraulic jump. The in-deck sluice flow was
approximately three times the volume but substantially
slower in velocity as that discharged from sluice,24 to 26.
In order to reduce the hydraulic jump, the confluence
channel was modified so that the flow from the screens 24 to
26 sluice discharged tangentially onto the surface of the
flow entering from the in-deck sluice.
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Figure 10. Concept Design for Chamber for
Removal of Entrained Air from the Fish Return
Pipe at the Indian Point Unit 2 Ristroph
Screen System.

b. July 24. 1990 Tests

Tests to evaluate the effects on fish of the air relief
chamber and the redesigned confluence section were performed
with alewives and golden shiners on July 24, 1990.
Procedures were the same as before, with the exception that
leaf debris was mixed with the test fish before release into
the sluices. Control fish were added to the cages at the
surface, which were then lowered to minus 40 feet during the
period that test fish were discharged into the collection
net. Holding procedures in this test differed from those on
July 18 in that the test and control fish nets were lifted
to the surface and held for the 24 hour latent effects
assessment. Alewife and golden shiner survival, adjusted
for control fish mortality, was 100% (Table 11). There was
no observable damage to the test fish. These results
indicated that passage through the sluice systems for both
screens 21 to 23 and 24 to 26, as well as the modified
confluence sluice, the air relief chamber, and the 150 foot
long return pipe that discharged at minus 40 feet did not
induce mortality among the fish. The 100% survival of both
test species strengthened the belief that the stresses
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Table 11. July 24, 1990 Evaluation of Model of Indian Point
Unit 2 Fish Collection Sluice and Return System,
Including the Air Relief Chamber.

Test Conditions

Sluice 21 to 23 Sluice 24 to 26

Return Pipe Length: 150' Return Pipe Length: 150'
Discharge Depth: 40' Discharge Depth: 40'
System Water Flow: 1350 gpm System Water Flow: 950 gpm
Debris: 2 gals leaves Debris: 2 gals leaves
Temp. (OC): Surface 25.0 Temp. (0C): Surface 25.0

-40 Feet 10.8 -40 Feet 10.8
Transit Time: 183 sec Transit Time: 83 sec.

Alewife N = 49 Alewife N - 50
C- 50

Time A D I N Time A D I M

24 hr 24 hr
N 48 0 0 1 N 48 0 0 2
C 45 0 0 5

Adjusted Survival, = 100% Adjusted Survival - l00%

Golden Shiner N = 50 Golden Shiner N = 50
C = 50

Time A D I M Time A D I N

24 hr 24 hr
N 45 4 0 1 N 44 4 0 2
C 42 17 1 1

Adjusted Survival= 100% Adjusted Survival = 100%

N - Number of fish tested C = Number of control fish

Adj. Surv. = [I-{(P - C)/(1-C))] x 100 where P - Proportion of
test fish dead or injured, C = proportion of control fish dead
or injured; (Finney 1964); for P =,> C < 1; Note: Missing
fish were subtracted from the test number (N) since their
condition could not be determined.
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observed during the July 18 tests were due to exposure to
the nearly 156C lower temperature, rather than transport
through the return system. During these tests, observations
disclosed that the chamber designed to vent air, was
effective in preventing flow blockages in the return pipe,
and was not detrimental to fish. Also, the modifications
made to the confluence sluice were effective in reducing the
undesirable jump observed in the previous design tested.

On July 24, assessments of damage to fish passage
through the service water screen collection sluice were
made. Alewives and golden shiners were released at the
sluice for screen 27 and then collected from the return pipe
at the 40 foot depth. The collection net was raised to the
surface for latent effects assessment. After 24 hours, 47
of the alewives were alive, none were dead, and three were
missing; 45 golden shiners were alive, one was dead and four
were missing. None of the fish showed substantive signs of
damage. The adjusted survival rates for both alewives and
golden shiners were 100%.

c. August 1. 1990 Tests

An Alternative design for the entrained air vent system
was evaluated during tests on August 1, 1990. The
alternative design consisted of an enlarged diameter flume
at the air-water interface. A 14 inch diameter PVC pipe was
positioned to receive the flow from the 10 inch diameter
flume at a point about four feet above the quarry surface.
The entrance to the 14 inch pipe was open, which,-excluding
the cress-sectional area of the 1P inch diameter flume,
provided an approximately 75 inch vent for entrained air.
In addition, the 14 inch diameter pipe was set on about a
30angle, which provided about a 2 square ft surface area
inside the pipe across which entrained air could escape from
the flow. The 14 inch diameter flume discharged underwater
into a 12 inch diameter by 20 foot long pipe that in turn
discharged into the 10 inch diameter return pipe.

Evaluations of this system were performed with white
perch and hatchery-reared striped bass. Fish were
discharged at minus 40 feet and then brought to the surface
for the 24 hour latent effects assessment. White perch
survival, corrected for control mortality, was 89.2% in one
test and 100% in the other (Table 12).

36



Table 12. August 1, 1990 Evaluation of Model of Indian Point
Unit 2 Fish Collection Sluice and Return System,
Including Air Relief Chamber.

Test Conditions

Sluice 21 to 23, Sluice 24 to 26

Return Pipe Length: 150' Return Pipe Length;: 150'
Discharge Depth: 40' Discharge Depth: 40'
System Water Flow: 1050 gpm System Water Flow: 950 gpm
Debris: Debris:
Temp. ('C): Surface 27.5 Temp. (0C): Surface 27.5

-40 Feet 10.5 -40 Feet 10.5
Transit Time: Transit Time: sec.

White Perch N - 50 White Perch N - 50
C - 50

Time A D I M Time A D I M

24N he 3 .3 17 0 to 2 N Hs37 13 0 0
C 37 13 010

Adjusted Survival = 89.2% Ad usted Survival = 100%

Striped Bass N = 50 Striped Bass N 50
C- 49

24 hr. 24 hr.
N h 30 17 0 3 N 25  25 0 0
C 31 1 18 0 0
Adjusted Survival - 100% Adjusted Survival -79.0%

Striped bass survival, adjusted for control mortality,
was 100% in one test and 79.9% in a second test (Table 12).
These results are somewhat tenuous, however, since control
fish mortalities were high. Test fish displayed few signs
of damage such as abrasion or scale loss as a result of
passage through the system.

The "enlarged diameter flume" air relief chamber was
determined to be ineffective when accumulations of air
caused intermittent discharges of flow at its entrance.

4. Discussion of Results of 1990 Summer Tests

Results indicated that the full system did not impose
injuries to fish. Test fish were passed through the
collection sluices and traversed areas of turbulence
including the sharply tapered discharge from sluice 21, the
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vertical offsets, the confluence channel, and the air relief
chamber, without incurring cuts, bruises or scale loss.
Survival rates of test fish (Table 13) were generally high,
and similar to rates reported earlier (Con Edison and NYPA,
1990). Survival of golden shiners was 100% except during
exposure to the approximately 150C temperature differential
between the surface water and the discharge depth when it
was about 92.5%. Alewife survival was also lower than
observed in earlier tests, a result attributed to cold
shock. However, similar cold shock conditions are not
expected to occur in the Hudson River where vertical
temperature differentials are generally small (LMS 1975).
White perch and striped bass survival rates averaged nearly
95% and 90%, respectively, although these results may be
affected by high control fish mortality. Based on the facts
that few fish showed signs of damage during these tests,
test species experienced high survival rates in earlier
studies, and temperature differentials during testing were
extreme, it appeared unlikely that the return system was the
cause of observed mortalities.

Table 13. Summary of Adjusted Percent
Survival of Four Species of Fish
Transported Through the Prototype
Unit 2 Return System Summer 1990.

Species

Golden White Striped
Date Alewife Shiner Perch Bass

July 18* 88.9 97.9
54.0 94.0--

July 24 100 100
100 100--

August 1 - - 89.2 100
I - - 100 79.0

* Control fish survival rates were not
determined during this test.

Difficulties in obtaining and holding white perch, as
well as the substantial temperature differential between
surface water and that at minus 40 feet, an unrealistic
condition relative to that typical in the Hudson River, made
further testing at this time of dubious value.

In a September 27, 1990 letter, Dr. Fletcher identified
concerns about the Unit 2 prototype tested in July and
August, as well as component designs tested earlier
(Con Edison and NYPA 1990). He noted that the return pipe
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did not have a 300 upward bend at its-terminus as indicated
on engineering drawings (the upturn would extend the buried
pipe above the river bed for discharge), and indicated that
he could not speculate as to how its presence might
influence fish. He also expressed concern about the air
relief chamber. In a November 20, 1990 letter, the DEC
provided comments on both the July 1990 report and the mid-
summer 1990 testing. They noted that additional studies
should include testing of organisms at the maximum expected
depth for the return pipe, including some margin of safety,
and offered suggestions for testing white perch, for which
control fish survival had been poor. They emphasized that
white perch survival at minus 35 feet during the winter
needed additional study. In a January 1991 report (Fletcher
1991) Dr. Fletcher noted that extension of a return line
210 feet offshore could involve installation to depths of
about 50 feet, although the actual discharge would be at
about 45 feet. He added that a system constructed as such
would expose fish to an additional 0.6 atmospheres of
pressure relative to that at 35 feet, and that pressure
effects, especially in the winter, should be further
examined.

The comments of Dr. Fletcher and the DEC provided the
basis for refinement of the return system components and the
performance of additional testing in 1991.

Section B - 1991 Refined Return System Evaluation

1. Desian of the Unit 2 Fish Return System

In response to the concerns expressed by the DEC and
Dr. Fletcher, improvements were made in the design of the
return system. Although the refined prototype return system
consisted of the same basic layout as that tested in 1990,
the 1800 bend (C-bend) at the south end of the system was
redesigned as a uniform transition from the 36 inch wide
fish collection sluice to the 20 inch wide in-deck sluice
(compare designs illustrated in Figure 9 with those in
Figure 11). The vertical offset channel, which conveyed
flow from the C-bend to the indeck sluice, was constructed
with large radius curves to reduce hydraulic jumps and
turbulence (Figure 11). A similar transition was provided
for the flow from the screen 24 to 26 sluice to its
confluence channel. The confluence channel was redesigned
to enhance the union of the dissimilar volumes and
velocities from the two sluice systems (Figure 11). At the
entrance to the quarry, the return pipe was outfitted with a
chamber of the design found to alleviate flow blockages by
entrained air. The diameter of the return pipe was
increased from 10 inches to 12 inches to reduce the
potential for blockage by debris, and the terminus was
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Figure 11. Improved Design Layout for Components of the Unit 2 Ristroph Screen
Fish Collection and Return Sluice System.
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outfitted with a large radius (r - approx 10 ft) 300 upward
bend to simulate the expected design eventually to be
installed in the river. In addition, the return pipe was
positioned to discharge at minus 60 feet, the approximate
,maximum discharge depth for a return system extending about
250 feet offshore of the Unit 2 intake. The lowest part of
the return pipe was at approximately 64 feet as a result of
the upsweep created by the 301 bend.

As a means to alleviate potential entrapment of test
fish at a depth to which they were not acclimated, a
suspected contributor to the mortality incurred by white
perch during the 1990 winter testing (Con Edison and NYPA,
1990), collection nets were redesigned as 5 foot diameter
60 foot tall mesh cylinders. When installed on the end of
the return pipe, the net extended to the quarry surface.
Upon discharge into the nets, fish would be free to swim
upward to any favored depth. The bottoms of the nets were
outfitted with pails to facilitate recovery of fish in water
as the nets were retrieved from the quarry. Water for
operating the system was supplied with gasoline powered
pumps of 300 to 500 gpm rated capacity. Test procedures were
similar to those followed during the summer 1990.

A scope of work outlining additional studies was sent
to the DEC and Dr. Fletcher by letters dated March 14 and
March 15, 1991, respectively. In a March 26,1991 letter,
Dr. Fletcher provided general comments, including a note
that evaluation of return pipes longer than 180 feet was of
less concern than the depth to which the fish would be
exposed. He noted that a shorter pipe would provide a more
severe test in that the rate of pressure change would be
greater than in a longer pipe passing to the same depth.
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2. Test Results

a. Air Relief Chamber

During installation of the full-scale model, tests were
performed to evaluate the effectiveness of the air relief
chamber to prevent the accumulation of air at the entrance
to the return pipe. For this test, the chamber was
outfitted with a temporary 50 foot discharge pipe that
extended downward at an approximately 300 angle to a depth
of 12 feet and then horizontally for 30 feet. At a flow
rate of approximately 1,800 gpm, the level of the water in
the chamber rose approximately 1.5 feet above the quarry
surface and appeared to be full of air bubbles. Since water
did not overflow the chamber nor was it discharged from the
flume portal located about 4 feet above the quarry surface,
as had occurred earlier, it appeared that air did not
accumulate and block the flow entering the pipe. In
addition, divers observed that only a very fine stream of
bubbles was carried out the end of the pipe by the flow. It
was concluded from these observations that the chamber was
highly effective in venting entrained air from the return
flow.

b. March 29. 1991 Tests

Initial tests with the improved fish collection sluice
and return system were performed with white perch on March
29, 1991. Test fish were trawled from the Hudson River the
morning of the test day, and were only briefly held in
quarry water before testing. Other procedures were similar
to those applied during the summer 1990 tests. Following
discharge into the collection nets, divers noted that most
fish swam upward. However, 15 minutes after the start of
one test, 7 fish were on the bottom of the net, and 45
minutes after the .start of another test, 16 white perch were
on the bottom. Control fish, which had been released at the
surface, stayed within the top 10 feet of the water column.
At the end of a 96 hour latent affects assessment period,
mortalities among test and control fish were found to be
high (Table 14). The adjusted survival rate was 43.7% in
each of the two tests performed. Fish were examined for
signs of damage attributable to transport through the sluice
systems. However, all appeared to be in good condition;
signs of hemorrhaging or other forms of damage were not
observed.
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Table 14. March 29, 1991 Evaluation of Full-Scale Prototype
of Indian Point Unit 2 Fish Collection Sluice and
Return System, Including Air Relief Chamber.

Test Conditions

Sluice 21 to 23 Sluice 24 to 26

Return Pipe Length: 250' Return Pipe Length: 250'
Discharge Depth: 601 Discharge Depth: 60'
System Water Flow: 2300 gpm System Water Flow: 2300 gpm
Debris: None Debris: None
Temp. (OC): Surface 5.5 Temp. (OC): Surface 5.5

-60 Feet .5.0 -60 Feet 5.0

White Perch N - 49 White Perch N s 50
C- 50

Time A D I M Time A D I M

96 hrs 96 hrs
N 4 43 0 2 N 4 42 1
C 14 36 0 0
Adjusted survival - 43.7% Adjusted Survival = 43.7%

N - Number of fish tested C - Number of control fish
A - Alive D = Dead S - Damaged K = Missing

Adj. Surv. = [1-{(P - C)/(l - C)} X 100]; for P =,> C < 1;
P - proportion dead or injured; C = Proportion of control
fish dead or injured. (Finney 1964). Note: Since the
status of missing fish could not be determined, these fish'
have been excluded from the computations of adjusted survival
rates.

c. April 2. 1991 Tests

The next series of tests were performed with golden
shiners because of the inability to obtain white perch.
Test fish were obtained from a local live bait dealer.
During these tests, the vertical offset channel for the
screens 24 to 26 fish sluice was outfitted with a prototype
debris separator, which consisted of a series of 1/4 inch
wide vertical plates spaced two inches on center
(Figure 11). These plates, which extended outward from the
downward-angled bottom of the sluice, were designed to
remove large debris, such as sticks that are occasionally
deposited in the fish sluice by the Ristroph screens, and
which could block the entrance to the flume. Tests were
performed to evaluate its effectiveness in removing debris
as well as to allow the passage of fish without imparting
damage to them.
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During testing with the debris' separator, some fish
were observed to be carried by the flow onto the rounded
ends of the vertical plates, but none showed signs of injury
at the conclusion of the test. The vertical plates appeared
to be effective in separating large sticks and mats of
debris from the water. (Although large debris was
occasionally observed in the collection sluice for the test
Ristroph screen, similar conditions have not been observed
since the new Ristroph screens became operational in July
1991. New bar screens, installed along with the Ristroph
screens, were outfitted with ice barriers that extend 3 feet
below mean low water. These barriers appear to be effective
in preventing floating debris from entering the intakes.
Accordingly, it is doubtful that a debris separator will be
necessary.)

Control fish for these tests were placed in a screen-
covered pail and lowered to minus 60 feet for release into
the net to duplicate depth effects. Although agitated by
the descent, the golden shiners did not display shock
syndromes as they did during summer 1990 tests at depths of
40,feet. The temperature differential between surface water
and that at minus 60 feet during the April 1991 tests was
approximately 0.50C in contrast to the nearly 150C
differential during the July 1990 tests. Upon release into
the net, the control fish swam upward. After a 16 hour
period, test and control fish were removed from the nets and
examined for latent effects. Aside from 5 fish that were
observed to be caught in a construction seam in the air
relief chamber, survival among test fish was 100%
(Table 15). One control fish died during the interval.
None of the test fish showed signs of damage.

d. ADril 3. 1991 Test

On April 3, 1991, tests were performed with white perch
and golden shiners. The white perch were trawled from the
Hudson River during the morning of April 3. They were
brought to the quarry and placed in a 4 x 4 x 6 net at minus
26 feet, the approximate depth at which they had been
collected. Testing commenced approximately two hours later.
Only fish that appeared to be in good condition were used
for the tests.
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Table 15. April 2, 1991 Evaluation of Full-Scale Prototype of
Indian Point Unit 2 Fish Collection Sluice and
Return System, Includinq Air Relief Chamber.

Test Conditions

Sluice 21 to 23 Sluice 24 to 26
(With Debris Separator)

Return Pipe Length: 250' Return Pipe Length: 250'
Discharge Depth: 60' Discharge Depth: 60'
System Water Flow: 2600 gpm System Water Flow: 2600 gpm
Debris:N None Debris: 1 gal leaves/sticks
Temp. (OC): Surface 5.5 Temp. (OC): Surface 5.5

-60 Feet 5.0 -60 Feet 5.0

Golden Shiner N - 50 Golden Shiner N - 50
C - 50

Time A D I M Time A D I M

16 hr. 16 Krs
N 50 0 0 0 N 45 0 0 5
C 49 0 1 0

Adjusted Survival - 100% Adjusted Survival - 100%

Test white perch were released into the return system
within approximately 20 minutes after retrieval from the
holding net. Control white perch and golden shiners were
placed in a screen-covered pail and taken to the 60 foot
depth for release into the holding net. Again, mortality
among control white perch was high (Table 16), making
adjusted survival rates dubious. All but one of the test
white perch were free of signs of damage. The damaged fish
had a torn opercle, the cause of which was not determined.
Golden shiner survival was high, and none displayed signs of
damage.
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Table 16. April 3, 1991 Evaluation of Full-Scale Prototype of
Indian Point'Unit 2 Fish Collection Sluice and
Return System. Including Air Relief Chamber.

Test Conditions

Sluice 21 to 23 Sluice 24 to 26
(With Debris Separator)

Return Pipe Length: 250' Return Pipe Length: 250'
Discharge Depth: 60' Discharge Depth: 60'
System Water Flow: 2600 gpm System Water Flow: 2600 gpm
Debris: None Debris: None
Temp. (OC): Surface 5.5 Temp. (OC): Surface 5.5

-60 Feet 5.0 -60 Feet 5.0.

White Perch N - 50 White Perch N - 50
C '= 50 C - 50

Time A D I M Time A D I N

23 hrs 23 Hrs
N 7 35 0 8 N 8 36 0 6
C 4 46 0 0
Adjusted Survival - 100% Adjusted Survival = 100%

Golden Shiner N - 50 Golden Shiner N = 50
C = 50

23 hr. 23 hrs
N 48 0 0 2 N 41 0 0 9
C 49 0 11 0
Adjusted Survival = 100% A

e. A~ril 9. 1991 Test

There was concern that the tests performed on March 29
and April 3, 1991 might have been biased because the white
perch may not have been fully acclimated to the quarry.
Since several hundred white perch were still available in
the 4 x 4 x 6 holding cage, which had been returned to the
26 foot depth, further testing was planned. In an effort to
gradually acclimate the fish to shallow water from which
they would be removed for the tests, the holding cage was
raised from the 26 foot depth to 16 feet on April 5; two
days later it was raised another 10 feet, and on the
following day it was brought to the surface in preparation
for testing on April 9.

On April 9, fish in good condition were selected for
testing. Golden shiners, that had been obtained from a
local bait dealer, were also used as test fish. Both
species were mixed with approximately one gallon of debris
(leaves) and then released into sluices 21 to 23 and 24 to
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26. Control fish were placed in a screen-covered pail and
released at the 60 foot depth. Divers observed both test
fish and control fish to swim upward upon entrance to the
nets. Several white perch swam to a depth of about six feet
and appeared to be neutrally buoyant. Others that did not
reach an apparent equilibrium depth settled toward the
bottom. At four hours after the start of the test, divers
observed 15 to 20 of both species swimming near the bottom
of each of the nets. Other fish'were swimming near the
surface.

After a 21 hour holding period, the fish were examined
for latent effects. Control white perch experienced a
higher mortality rate than did test fish; 17 of the 30
control fish were dead (Table 17). Of the white perch
released into sluice 21 to 23, 24 were alive, 9 were dead
and 7 were moribund (showed no physical injuries, but were
in poor condition). A total of 31 of the 40 white perch
released into sluice 24 to 26 were alive, six were dead and
three were moribund. Again, interpretation of an adjusted
survival rate for white perch, although calculated, is
tenuous, given the high mortality among control fish.
Golden shiner adjusted survival was 100% for the two tests;
only one test fish died, while 2 of the controls died.
Although one of the golden shiners was injured during
transit through the 24 to 26 sluice, the nature of the
injury was not recorded.

f. April 10. 1991 Test

On April 9, trawling crews collected additional white
perch as well as striped bass from the Hudson River. These
fish were placed into a 12 foot diameter by 2 foot deep tank
filled with approximately 1,500 gallons of river water.
Quarry water was pumped into the tank at a rate of 4 gallons
per minute to gradually acclimate the fish for testing.
However, during the 24 hour acclimation period, most of the
fish died. Although the quantities remaining were small,
the white perch and striped bass were separated into 3
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Table 17. April 9, 1991 Evaluation of Full-Scale Prototype of
Indian Point Unit 2 Fish Collection Sluice and
Return System, Including Air Relief Chamber.

Test Conditions

Sluice 21 to 23 Sluice 24 to 26
(With Debris Separator)

Return Pipe Length: 250' Return Pipe Length: 250'
Discharge Depth: 60' Discharge Depth: 60'
System Water Flow: 1800 gpm Water Flow: 2300 gpm
Debris: None Debris: I gal leaves
Temp. (0C): Surface -7.5 Temp. (OC): Surface -7.5

-60 Feet -5.2 -60 Feet -5.2

White Perch N - 40 White Perch N - 40
C = 30

Time A D I M Time A D I M
21 hr 21 HreN 3 31 6 3 0 N 24 9 7 0

C 13 17 0 0

Adjusted Survival = 100% Adjusted Survival = 100%

Golden Shiner N = 50 Golden Shiner N = 50
C-50

21 hr 21 hrs
N 48 1 11 0 N 50 0  0 0
C 48 2

Adjusted Survival = 100% Adjusted Survival = 100%

approximately equal groups.: one for release through sluice
24 to 26; a second to serve as a control, and the third to
remain in the holding tank. Control fish were released into
the net at the surface of the quarry. After 23 hours, the
fish were recovered for examination of latent effects
(Table 18). A total of 12 of the 16 test white perch were
alive, 3 were dead and 1 was moribund. A total of 13 of the
18 control white perch were alive, 4 were dead and 1 was
moribund. The adjusted white perch survival rate for this
test was 100%. A total of 12 of the 17 white perch left in
the holding tank were alive, 3 were dead and 2 were
moribund. The overall percent survival rates among these
three groups of white perch (test fish, 75%; control fish,
73%; and holding tank fish, 70%) suggested the observed
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Table 18. April 10, 1991 Evaluation of Full-Scale Prototype of
Indian Point Unit 2 Fish Collection Sluice and
Return System, Including Air Relief Chamber.

Test Conditions

Sluice 21 to 23 Sluice 21 to 23

Return Pipe Length: 250' Return Pipe Length: 250'
Discharge Depth: 60' Discharge Depth:- 60'
System Water Flow: 1750 gpm System Water Flow: gpm
Debris: Debris:
Temp. (OC): Surface 7.7 Temp. (OC): Surface 7.7

-60 Feet 5.2 -60 Feet 5.2

White Perch N - 16 Golden Shiner N - 49
C -18 C- 0
T T-17

Time A D I M Time A D I M

23 hr. 23 Hrs
N 12 3 1 0 N 49 0 0 0
C 13 4 1 0

T 12 3 2 0

Adjusted Survival = 100% Survival = 100%I E

Striped Bass 11 N - 8
C=B8

23 hr. e
N 4 3 1 0
C 4 3 1 0
T 3 6 0 0
Adjusted Survival - 100%

mortality among test fish passed was due to factors other
than passage through the return system. A total of 4 of the
8 striped bass tested April 10 were alive, 3 were dead and 1
was moribund. Control striped bass incurred the same level
of mortality. Out of the 9 striped bass left in the holding
tank only 3 were alive at the conclusion of the test. A
total of 49 of the 50 golden shiners were alive at the end
of the 23 hour period; one was missing.

Because of the difficulty in obtaining and holding test
fish, particularly white perch, no further evaluations of
the effects of the return system on fish were performed.
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3. Hydraulic Conditions

During fish testing, a diagonal hydraulic jump (w~ave)
in the confluence channel created by the union of the two
dissimilar sluice f lown, caused fish to be carried toward
one vail of the channel. The jump, au well as the transport
of fish toward the side of the channel, was greatly reduced
by elimination of angular joints and increasing the radius
of curvature on one wall of the confluence channel.

Transport velocities (Appendix H) through various
components of the system were measured: fish collection
sluices -2.5 to 3.4 fps; in-deck sluice - 6.4 fps; combined
channel section - 7.2 fps; and the flume = 7.2 fps.
Velocity through the return pipe wan calculated to be
approximately - 7.1 fps for a flow of 2,300 gpm. Transit
time over the maximum length of the system (the entrance to
screen 23 sluice and the discharge point of the return
pipe), a distance of approximately 540 feet, was estimated
to be about two minutes, based on diver observations of fish
passage through the system. Water depths in the fish
collection sluices and throughout the other components-of
the sluice system were relatively uniform across the width
of the sluices, and generally averaged approximately 1.5 to
2.0 inches.

During test ing, fish were relatively efficiently
transported through the system. Residency occurred only
within the fish collection sluices where the transport
velocity was the lowest and was generally brief in duration.

4. Discussion of Results of the 1991 Soring Tests

Tests performed during the spring 1991 suggested that
the refinements to the alternative layout for Unit 2 fish
collection sluice and return pipe system were not detri-
mental to white perch, golden shiners, or striped bass,
although testing with the latter species was limited
(Table 19). Survival among golden shiners was 100%."
Survival among both test and control white perch was low,
but essentially the same in most tests, suggesting that the
return system was not the cause of the mortality observed.
Although control fish mortalities were often high, survival
rates of test and control fish in most tests were about the
same, which suggested that the return system was not the
cause of the mortality observed. Further, test fish
incurred little or no damage such as bruises, loss of
scales, or hemorrhages as a result of passage through the
system, including a chamber designed to allow entrained air
to escape from the return pipe flow. Stresses associated
with collection (trawling) and handling appeared to be the
primary causes of mortality among the species tested.

s0



Table 19. Summary of Adjusted Percent Survival of Four Species
of Fish Trankported through the Unit 2 Return
System, Spring 1991.

Species

Date Golden Shiner White Perch Striped Bass
March 29 43.7

- 43.7 -

April 2 100 - -

100 -

April 3 100 100 -
100 100 -

April 9 100 100 -
100 100 -

April 10 100 100 100

Observations disclosed that upon discharge at
minus 60 feet, surface-acclimated fish made a concerted
effort to swim upward, even when water temperature
differentials between the surface and the discharge depth
were small (0.50C). Those that did not reach an apparent
pressure equilibrium depth tended to settle in the water
column. Except for white perch in the winter, which were
trapped by the nets at the discharge depth, similar
responses were not observed among test fish when the
discharge was at about 35 to 40 feet. Based on these
responses, a return pipe that discharges at a shallower
depth would appear to be beneficial, although many of the
species of fish commonly observed in impingement samples at
Indian Point are collected in trawls at or below the 60 foot
depth (Table 20).

The prototype of the return system tested in 1991
appeared to successfully correct the concerns raised by
Dr. Fletcher and NYSDEC. The 300 upturn at the discharge of
the return pipe neither interfered with fish or debris
transport nor entrapped air.

In summary the results of the component design tests
indicate that the effects on fish of a return system
consisting of these design elements will be minimal, and
that effectiveness at Indian Point Unit 2 may be enhanced by
placing the discharge at a depth of approximately 40 feet
rather than at greater depths further offshore.
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.Table 20. Depth Distribution of Fish Species Collected in River Surveys in the Indian Point Region of the

Hudson River, 1986-1990.

Bay Blueback Striped Atlantic White Weakfish

Species: Alewife Anchovy Bluefish Hoqchoker Herring Bass Tomiod Perch

Numbers of fish 114 9,395 29 46,657 1,862 3,074 3,835 5,513 1,173

collected:

Depth Number
(Ft) of Tows Percentage of Total Observed

10 11 0 5.6 0 0 0 20.1 0 0 11.1

20 24 0 16.7 11.4 9 1.3 8.5 1 0 2

30 37 4.7 13 31.9 20 15.8 .13.8 1.1 11.6 6.1

40 16 7.3 27.2 0 36.5 17.8 16.8 1.2 12.5 4.6

50 20 14.7 19.5 56.8 12.8 8.1 40.9 2.4 10.4 23.3

60 4 12.9 1.7 0 0 6.6 0 24.6 27.2 0

70 6 11.7 14 0 8.6 11.1 0 3.2 38.2 52.9

80 3 48.6 2.4 0 13.1 39.3 0 66.5 0 0

Total 121 100 100 100 100 100 100 100 100 100
.. . - i -i
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Ed• Consolidated Edison Company of New York, Inc.
4 irving Place. New York, N.Y. 10003

December 5, 1990

Dr. R. Ian Fletcher
Great Salt Bay Experiment Station
P.O. Box 1056
Damariscotta, Maine 04543

Dear Ian:

Enclosed is a draft report on the results of the live marked fish release/
recirculation tests that we conducted at Indian Point during September and
October.

I will be calling you in a few days to discuss the interpretation of the results we
obtained. If you have any questions or need additional information, please call
Ken Marcellus or John Young.

Sincerely,

William L Kirk, Ph.D.
Director
Biological Studies and EvaluationKLM/bjd

enclosure
cc: K. L Marcellus

J. R. Young



RISTROPH SCREEN RETURN LINE LOCATION STUDIES
RECIRCULATION OF LIVE MARKED STRIPED BASS

INTRODUCTION

In the July 1990 report "Indian Point Units 2 and 3 Ristroph Screen Fish Return

System Prototype Evaluation and Siting Study", several studies of the zones of cooling

water withdrawal at the Indian Point Generating Station, including a recently completed

dye recirculation study, were summarized and the results used to select a location for the

fish return system discharge. The conclusion drawn from these studies was that some

uncertainty remained as to the most desirable terminus for the Unit 2 fish return pipe.

The gross recirculation rate for dye released near the river bed 210' offshore of the

Unit 2 intake was 54% (43% to Unit 2, 11% to Unit 3) during full circulating water flow.

Although the dye recirculation rate was unadjusted for eddy current diffusion, which may

have biased upward the total quantity recorded in the intakes relative to that

representing the parcel of water marked by the dye, a recirculation rate on the order of

54% would clearly be higher than desirable for released fish.

The July report also noted that test fish, including striped bass, alewife, golden

shiner, and white perch, almost always swam actively downward to the bottom of the

enclosure positioned at the 40 foot water depth upon discharge from a full-scale

prototype return pipe at the Verplanck quarry. This behavior suggested that they would

be unlikely to be passively transported by water currents, like molecules of dye, following

release into the river. Recirculation to the intakes would be- at least in part, a

behavioral response of the fish, and not simply a passive transport phenomenon. If the
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quarry tests accurately reflect fish behavior after discharge from the return system, then

the dye studies at Indian Point may not reliably predict the probable rates of fish

recirculation to the intakes. In light of these considerations, the following

recommendations were included in the July 1990 report:

* Complete engineering specifications and solicit proposals for construction

of a fish and debris return line to discharge at a point approximately 225'

from the shoreline along a westerly oriented line 145' north of the intake

centerline.

e Consider tagging studies to determine whether live fish released at

various locations along the westerly oriented line would return to the

intakes at rates different from those for dye particles.

This strategy would allow engineering design work for the return line to move

forward so that construction could be completed in the spring of 1991 when the screens

are scheduled to begin operating. If any additional information on rates of live fish

return to the intakes became available, the final length of pipe might be reduced.

In early September, a study plan for evaluating the recirculation of live, marked

striped bass released at potential return pipe discharge locations was developed in

consultation with Dr. Ian Fletcher and then implemented at the Indian Point station.
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STUMDPLAN

Model Of The Reimpingement Process

When a fish is released into the Hudson River from the outlet of the fish return

system, it can be considered to be located within a particular small "parcel" of water.

The tidal current of the river will move this parcel either upstream or downstream,

depending on the tidal conditions at the time of release. Eventually, the tide will reverse

directions and the parcel of water will move past the plant intakes and be vulnerable to

being drawn into the cooling system. The fish, if still within the parcel, will then be

vulnerable to reimpingement with each reversal of tidal direction until net downstream

movement removes the parcel entirely from the withdrawal zone; therefore,

reimpingement vulnerability can be considered as a series of episodes that occur as the

parcel moves past the intakes twice in each tidal cycle.

As time passes, fish will not remain in the original parcel of water, but instead

will disperse out of the parcel to other locations. Thus their actual vulnerability to

reimpingement will be different than it would be if they remained within the parcel. The

probability of reinpingement of these dispersing fish could increase or decrease with

time, depending upon the direction and speed of movement of the fish rather than of the

water:

P(RN)t - P(% 41(t) Equation 1
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where P(R N)t = probability of being reimpinged (R) in time interval t given

that the fish is not reimpinged (N) prior to t

P(R)= initial probability of reimpingement at the time of release

4 (t) = function describing relative change in probability of

reimpingement through time

t = time intervals since release

If movement out of the original parcel were strictly a diffusion process, then 0 (t)

might be reasonably approximated by an exponential function. However, since the

process actually involves not only eddy diffusion of the parcel, but also active movement

of the fish, the form of o(t) cannot be determined a priori.

The marginal probability of reimpingement in each period is:

t-I1

P(R)t- P(RIN)t [1- FP(R)1 ] Equation 2
i-0

where P(R)t f probability of being reimpinged in interval t

[1-EP(R).j = probability of not being reimpinged prior to t

The total probability of reimpingement is the sum of the marginal probabilities of

reimpingement for each sampling interval after release:

P(R) - (R)t Equation 3
t-0
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Values of the conditional probability of reimpingement during each interval,

P(R IN),, can be estimated directly by conducting a mark-recapture study in which

marked fish are released at the potential discharge locations, then recaptured on the

intake screens over several subsequent tidal cycles. The estimate of P(R IN), is the

number of marked fish impinged in the interval divided by the number of marked fish

remaining in the river at the beginning of the sampling interval. If the conditional

probabilities do not decline to zero over the course of the sampling, then statistical

analysis can be used to estimate the form and parameter values for 03(t) and P(R)0.

Once the P(R IN), are estimated for each release location, either directly or

through use of P(R)0, 0(t) and Equation 1, the marginal probability of reimpingement,

P(R)t can be estimated from Equation 2. The total probability of reimpingement for

each release location can be determined from Equation 3.

Utilizing the model as a planned base for analyses, the following generalized study

design elements were formulated to provide the best opportunity for obtaining the

requisite input data:

1) Release fin clipped striped bass near the bottom at the specified locations on

the low slack tide, maximum flood, high slack, and maximum ebb tidal

currents. Fish will be distinctly marked by group-specific fin clips for

identification of the location and tide stage of release.
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2) Monitor impingement collections for marked and unmarked striped bass for

several days.

3) Conduct experiments to estimate the efficiency at which impinged fish are

collected from the intake screens.

An important consideration in this study is the need to discriminate impingement

that results from fish being at particular locations relatively near the intakes, i.e.,

potential end points of the fish return pipe, from impingement that results from fish

being in the general vicinity of the Indian Point Generating Station. Since the actual

behavioral/environmental factors which result in fish becoming impinged are unknown,

the study design could not positively account for these two different contributors to

impingement; however, the conceptual model of the reimpingement process may allow us

to attempt this discrimination. The focus of data analyses is to identify, by release

location, the probability that fish will return to the intake due to their presence at the

discharge point. If possible the probability of impingement due to their presence in the

plant vicinity will be factored out of the total impingement probability. Fish impinge-

ment probabilities will be compared with discharge location specific recirculation rates

for dye-marked water.
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MATERIALS AND METHODS

TRIAL 1: September 11 to 14. 1990

The first marked fish release was performed September 11-14, 1990. Hatchery-

reared striped bass were used as test fish. The plan called for the release of 4,000 fish at

each of two proposed return line discharge locations, one at 110' offshore and other at

210' offshore. Each point was located along an imaginary westerly oriented line situated

145' north of the centerline of the Indian Point Unit 2 intake, and was marked with a

buoy. In order to evaluate the Influence of the tidal currents at each location,

approximately 1,000 test fish were released on each of four tidal current stages: flood

tide; high slack; ebb tide; and low slack. Striped bass were marked by clipping fins to

signify the location and stage of tide for release. The fish were released within five feet

of the bottom in lots of approximately 200 fish at half hour intervals starting one hour

before and ending one hour after the nominal tidal condition.

The six circulating water pumps at each Indian Point unit were scheduled to be

operated at 100% flow (140,00 gpm/pump). However, a leak occurred in a steam

condenser at Unit 2 and, as a consequence, pump 26 was shut down for most of the test.

As a measure of the efficiency at which impinged fish were recovered from the

Unit 2 intake screens, marked dead golden shiners were periodically released at about

mid-depth (-15') within a few inches of the fixed fine mesh intake screen at bay 22 and

about 12' in front of the Ristroph screen at bay 26. When the circulating water pump at
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bay 26 was shut down, fish scheduled to be released at bay 26 were released into bay 25

at which the fixed screen had been pinned up. Approximately 50 striped bass that had

died prior to release were remarked and also released at bay 22 to evaluate

impingement collection efficiency. Collection efficiency fish were also released at Unit 3

(at screen 35).

The six traveling screens at Unit 3 were washed, two at a time, for 30 minutes

every 1-1/2 hours throughout the test period. At Unit 2, the fixed fine-mesh screens at

the entrance to four intakes were to be raised and washed every 12 hours. Their

associated traveling screens were to be washed for 20 minutes each at these locations.

The remaining two screens, screens 25 and 26, were to be operated continuously. The

fine-mesh screen at intake 25 was blocked in the up position for the duration of the test,

a condition that was expected to facilitate the collection of fish on the traveling screen.

The coarse mesh screen at the entrance to bay 26 was left down since it did not prevent

movement of fish into the intake. Debris and associated impinged fish washed from the

screens were to be retained in the debris collection basin for recovery by the

impingement monitoring personnel.

Prior to the start of the tests, pump 26 was shut down because of condenser tube

leaks, effectively eliminating active impingement on the test Ristroph screen. At approx-

imately 21 hours into the test, the fixed screen at bay 24 was pinned up and its

associated traveling screen was switched to continuous wash for two hours because of
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heavy debris loading; the remaining three traveling screens were switched to continuous

wash, even though their associated fixed screens were left down. This unscheduled

screen washing procedure resulted in excessive accumulations of debris and the

consequent overflow of the collection pit. As a result, possible losses of recirculated

striped bass as well as impingement collection efficiency test fish may have occurred.

After this incident on September 12, screens were washed every four to sixlhours

throughout the duration of the test.

TRIAL I October 17 to'22, 1990

The procedures followed during the October fish recirculation tests were similar

to those used during the first test, with the following exceptions:

1) 5,300 hatchery-reared striped bass were planned to be released at each of

three locations: 110 feet, 160 feet, and 210 feet offshore.

2) Collection efficiency fish (dead dyed and finclipped centrarchids) were to be

released approximately 11 hours and one hour before routine intake screen

washing at Unit 2. (This double release was to evaluate predation rates of

blue crabs on impinged fish over the 12 hour interval between screen

washings.)

3) The circulating water pumps at Unit 2 were to be operated at the 100% flow

rate; those at Unit 3 would not be operated since a refueling outage was in

progress.
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4) The fixed screens at intakes 22 and 24 were to be blocked up and their

associated traveling screens operated continuously to facilitate the collection

of impinged fish.

5) The fixed screens at intakes 21, 23, and 25 were to be raised for washing

every 12 hours during the test.

Impinged fish were to be collected during every fixed screen washing, and at more

frequent intervals for those screens at which 'the fixed screens were blocked up and the

associated traveling screens run continuously,

RESULTS

TRIAL 1: (September Test)

1) Intake Water Flows

Only five of the six circulating water pumps were operated at Unit 2 during the

first 59 hours of the test. Pump 26 was out of service because of a leak in a condenser

tube. The resultant flow was 700,000 gpm. Upon completion of repairs, the flow was

increased to 840,000 gpm. Four and a half hours later the flow was reduced to

700,000 gpm again due to the reoccurrence of the tube leak. Sixteen hours later the

flow was increased to 840,000 gpm for a four hour period, but then reduced to

700,000 gpm for the remaining 10 hours of the test interval. (Although pump 26 ran

intermittently, screen 26 was operated continuously throughout the test.)
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The circulating water flow rate at Unit 3 was 840,000 gpm for the duration of the

test. Service water flow rates at the station averaged 47,000 gpm throughout the test

period. The combined total intake water flow rate for the test period was approximately

1,585,000 gpm.

2) Test Fish Recoveries

A total of 37 of 3,958 fish released at the 110' location were recovered from the

intake screens, while only 17 of 4015 fish released at the 210' location were recovered

(Table 1). All but one of the recovered fish came from Unit 2. The one recovered at

Unit 3 had been released at the 210' location. The overall gross recovery rates,

unadjusted for impingement collection efficiency, were 0.009 and 0.004 for the 110' and

210' release locations, respectively. The recovery rate for 210' was 44% of the rate for 110'.
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Table I

Release and Recapture of Marked Striped Bass
During the First Experimental Period. September 11-15, 1990

Release Number Number Recapture
Time ide Location Released Realured JRate

1328- 1400 Low Slack 110i 983 10 0.010
210' 1010 3 0.003

1502-1700 Flood 110' 1000 5 0.005
210' 1015 9 0.009

1839-2020 High 110i 991 9 0.019
Slack 210' 995 1 0.001

2224-2400' Ebb 110' 984 13 0.013
210' 995 4 0.004

Combined 110' 3958 37 0.009
i" 210' 4015 17 0.004

During this test period, the gross recovery rate was higher from the 110' release

location than from the 210' location on three of the four tidal stages; the recovery rate

for fish released on the flood tide was higher for the 210' location (Figure 1).
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Figure 1 Unadjusted Recapture Rates of Striped Bass Released
During the First Experimental Period, September 11-15, 1990

3) Collection Efficiency Fish Recoveries

Recoveries of impingement collection efficiency test fish were extremely variable

(Table 2). Out of 750 fish released at both units combined, only 50 were recovered

(gross recapture rate = 0.067). At Unit 2, a total of 27 out of 100 released at intake 26

were recovered even though the circulating water pump was operated only briefly during

the test period. Five fish were recovered out of 100 released at intake 25, while none of

the 350 released on the fixed screen at bay 22 were recovered following any of the 13
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screen washings during the test interval. At Unit 3, a total of 18 of the 200 fish released

were recovered.

Table 2

Release and Recapture of Collection Efficiency
Test Fish (Golden Shiner, Striped Bass)

, lherhir - ,xn-rimenal-Pe.-.--------------- 1---1 --n.ri.•
Durin the First Ernprimental Period Sentember 11-15 1990

Number Number
flA Time Locatio Released Recovered B.tW

9/11/90 1317 26 100 27 0.27
2325 25 100 5 0.05
1311 35 100 13 0.13
2339 35 100 5 0.05

9/12/90 0700 22 50 0 0.00
1900 22 50 0 0.00

9/13/90 0100 22 50 0 0.00
0730 22 50 0 0.00
1800 22 50 0 0.00

9/14/90 0200 22 50 0 0.00
0200 22 50 0 0.00

Totals 750 50 0.067

4) Apnlication of Reimineement Model (September Test Results)

Due to the small number of recaptured fish, the data were not suitable for

application of the model described earlier. Probabilities of reimpingement are therefore

estimated from the gross recapture rates.
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If it is assumed that the collection efficiency rates are a true measure of recovery

rates of test fish released at the alternative discharge locations, the adjusted fish

recirculation rates for the 110Y release point might be 0.134 (0.009 + 0.067), and for the

210' release point 0.059 (0.004 + 0.067). These rates are substantially lower than the

gross recirculation rates to Units 2 and 3 combined for dye released at 110' (0.89) and

210' (0.54).

TRIAL 2: (October Test)

I) Intake Water Flows

During the first 22 hours of the planned 96 hour test period, the Unit 2 circulating

water flow rate was 840,000 gpm. It was briefly (40 minutes) reduced to 700,000 gpm

when the traveling water screen at bay 26 failed and was shut down at about 22 hours

into the test. The circulating water flow rate averaged 822,000 gpm over the duration of

the test.

The Unit 3 circulating water pumps were not operated during the test interval.

The average service water flow for the test period was 25,800 gpm. The total intake

water flow rate for the test period was approximately 847,000 gpm.

2) Test Fish Recoveries

During the second release experiment, total recaptures were 375 out of 5,371 fish

released at the 110' location, 138 out of 4,586 fish released at the 160' location, and 98

out of 4,426 fish released at the 210' location (Table 3). Overall gross recapture rates
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(number recaptured/number released) were 0.070, 0.030, and 0.022 for the three

locations. The overall ratio of recoveries from the 210' release location relative to the

110' location was 32%, and that for the 160' location relative to the 110! location was

43%. The ratio of the 210' location relative to the 160' location was 73%.

During this test, gross recapture rates for fish released at the 110U location were

consistently higher than were the recovery rates for the 160' and the 210' release

locations regardless of the tide stage. Recovery rates from the 210' release location were

also generally comparable to or less than the recovery rates from the 160' release

location (Table 3; Figure 2).
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Table 3

Release and Recapture of Marked Striped Bass
Durine the Second Experimental Period, October 17-22. 1990

Release Number Number Recapture
Timet.. Tide Lain Released Recaptured Rate

0911-1111 Flood 110 1299 120 0.092
160 962, 40 0.041
210 1311 53 0.040

1206-1406 High Slack 110 1368 59 0.043
160 1128 49 0.043
210 420 14 '0.033

1530-1730 Maximum Ebb 110 1378 50 0.036
160 1142 3 0.002
210 1334 9 0.006

1836-2036 Low Slack 110 1326 146 0.110
160 1354 46 0.033
210 1361 22 0.016

Combined 110 5371 375 0.069
160 4586 138 0.030
210 4426 98 0.022
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Figure 2 Unadjusted Gross Recapture Rates of Striped Bass Released
During the Second Experimental Period, October 17-22, 1990
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3') Collection Efficiency Fish Recoveries

Recoveries of impingement collection efficiency test fish were also highly variable

during the October test (Table 4). Collection efficiency from intakes at which fixed

screens were down (21, 23, and 25) averaged 0.272, while the efficiency at intakes with

fixed screens blocked partially up was 0.086, the opposite relationship to the intake

screen position effect expected. The lower recovery of fish at intakes with fixed screens

blocked up is difficult to explain, especially since an effort was made to release fish

directly into the intake bay. The overall average collection efficiency rate for all screen

positions combined was 0.198. Assuming these are accurate reflections of recovery rates

of test fish released at the alternative discharge locations, the adjusted recircLIlation rate

for the 110' release point might be 0.353 (0.070 + 0.198); for the 160' release point, 0.151

(0.030 + 0.198); and for the 210' release location, 0.111 (0.022 + 0.198).

Collection efficiency recoveries were examined for potential losses due to

predation by blue crabs. Seventeen percent of the collection efficiency fish released

more than nine hours before the screen wash were recovered, while 22% of those

released less than three hours before the wash were recovered (Table 4). Although the

relative abundance of blue crabs at the intake screens during the test period was

considered low, the results do suggest that recovery rates decline With increased duration

of impingement on non-moving screens.
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Table 4

Release and Recapture of Collection Efficiency Test Fish
(Bluegills) During the Second Experimental Period. October 17-22, 1990

Fed Sanei Dowm 14=d Screem Up "rThial
Rda~in• -rm -" -

Dat BcOOM Screen WI k Rate PJ ~ ate Rd Rae Rate

Oct. 17 >9 hout 150 37 025 100 10 0.10 250 47 0.19
<3 houts ISO 25 0.17 100 11 0.11 250 36 0.14

Oct. 18 >9 hours 300 63 0.21 200 14 0.07 500 77 0.25
<3 hours 300 117 0.39 200 21 0.10 500 138 0.28

Oct. 19 >9 hours 150 37 0.25 100 10 0.10 20 47 0.19
<3 bours 150 48 0.32 100 3 0.03 250 51 0.20

Totals >9 hours 600 137 0.23 400 34 0.0S 1000 171 0.17
<3 hours 600 190 0.32 400 35 0.09 1000 225 -22

1200 327 0.27 800 69 0.09 2000 396 0.20

5) Application of Reimpingement Model (October Test Results)

To facilitate data analyses, a standardized reimpingement rate was calculated for

each screen wash interval to adjust for irregular durations between screen washes and

the declining number of fish available for recapture using the following equation:
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1000 R1

[M - eR1D,

where

Pi - standardized rate of reimpingement
- (number per 1000 fish per hour) Equation 4

M - number of marked fish released

Re - number previously recaptured
5-,

Di - hours since last collection
Rj - number recaptured in interval i

The standardized impingement rate data are presented in Appendic C. Even with

the higher number and longer period of occurrence of recaptured fish in "the second

experiment, the data were still not well-suited to formal parameter estimation for the a

pdori theoretical model of the reimpingement process described in the introduction. The

high variability of the standardized rates (Figures 3, 4, and 5), which are estimates of

P(R IN),) with many values near zero and a few relatively high values, precluded

estimation of P(R)0 and 0(t). However, the decline in occurrence of recaptures of

marked fish at all three locations to near zero levels within the period of the experiment

makes the estimation of P(R)0 and 0(t) unnecessary.

Page 21



RISTROPH SCREEN RETURN LINE LOCATION STUDIES
RECIRCULATION OF LIVE MARKED STRIPED BASS

4.

'I

t.

II

to. 0161 i0-.1 OS-.0,

Figure 3 Standardized Reimpingement Rates for Striped Bass Released
At 110' During the Second Release Experiment, October 17-22, 1990

64

mll

I.

a

S

Figure 4 Standardized Reimpingement Rates fOr Striped Bass Released
At 160' During the Second Release Experiment, October 17-22, 1990
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40

15

S.

I
I
- 34

'I

~4

Figure 5 Standardized Reimpingement Rates for Striped Bass Released
At 210' During the Second Release Experiment, October 17-22, 1990

The high standardized impingement rates seemed to occur primarily at night

(before 6 AM or after 6 PM) and on a flooding tide (Figures 6, 7, and 8). The

correspondence with nighttime periods was strongest for fish released at 110' (Figure 6),

and was less obvious for 160' and 210' release groups (Figures 7 and 8). The

correspondence with tides is not especially distinct; however, the tide values represent

the predicted tidal current (m/sec) at the midpoint of the collection interval. Thus,

when intervals are more than a few hours long, actual tidal current can range from one

extreme to the other during the interval.
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PER 1000 FI

24.65

V

1.43

S. 22

23. 50

17. 82

11.75

0.00
0.5

TI ME OF DAY

5.* 7 (HOURS)

-0.08
f.

.0.37
0. 00

Af at
TIDAL CURRENT - -, -.

AT Ml DPOI NT OF SAMPLE I NTERVAL

( mi solo)

Figure 6 Standardized Reimpingement Rates for Striped Bass Released
At 110' as a Function of Time of Day and Tidal Current
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F1 SH

PER 1000 F

S.07

4. 04

2.02

23. 50

7.62

11.75

0. 00 TIME OF DAY
0. 51

5. 87 ( HOURS)

• 0. 0a

EBB -0. 37 0. 00
-0.8a

TIDAL CURRENT

AT MI DPOINT OF SAMPLE INTERVAL

(m1 s$c)
Figure 8 Standardized Reimpingement Rates for Striped Bass Release

At 210' as a Function of Time of Day and Tidal Current
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The standardized reimpingement rates exhibited distinct spikes for all three

release locations, but the spikes were much higher for the 110' location (Figure 3) than

for the 16(Y (Figure 4) and 210' locations (Figure 5). The maximum observed rate-was

37 fish per 1,000 fish per hour (37 fish impinged in an hour for each 1,000 fish in the

river). This rate occurred when fish released during low slack tide at 110' were impinged

within hours of the time they were released (Figure 3). Although the 160' and 210'

releases also exhibited spikes, maximum observed rates were 17 and 15 fish per 1,000

fish per hour respectively (Figures 4 and 5). These maxima were also composed

primarily of fish released at low slack tide. During most collection intervals

impingement rates were less than 3 fish per 1,000 fish per hour for releases at all three

locations, which may represent the maximum base probability of impingement for fish in

the vicinity of the intake structures.

6) Natural Impingement

During the interval October 17 to October 22, when impingement collections were

monitored for marked striped bass, a total of 538 wild striped bass were collected. The

fraction of the total striped bass impingement that was comprised of wild fish ranged.

from 0.12 on October 17 to 0.86 on October 22 (Table 5).
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Table 5

Number of Hatchery and Wild Striped Bass in Impingement
Collections During the Second Experimental Period. October 17-22, 1990

Total Number Proportion

PAtU Imninged Recaptured Wid Wild

October 17 275 242 33 0.12

October 18 218 145 73 0.33

October 19 244 105 139 0.57

October 20 298 97 201 0.67

October 21 15 8 7 0.47

October 22 99 14 85 0.86

Totals 1,149 611 538

The decline in the proportion of the striped bass impingement composed of

marked fish could have two causes. First, the marked fish could be dispersing from the

plant vicinity so that the fraction of the near-field population composed of marked fish

continually declines. A second possible reason for the decline in proportion of marked

fish is an influx of wild striped bass. During the fall, many juvenile striped bass move

down river to the lower estuary and spend the winter near the mouth of the

Hudson River. An influx of unmarked wild striped bass into the area would therefore be

expected at this time. Actually, both activities were probably occurring to some extent.

The data in Table 5 suggest that an influx of wild striped bass occurred during the

interval October 17 to October 20, based on the increase in numbers collected each
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succeeding day. The data in Table 6 suggests that substantial dispersal from the 110'

release location occurred between October 17 and October 18. The expected number of

recaptures from the 110 release location on October 18, based on the recovery rate on

October 17, might have been 162 fish ((5371-167) x (167/5371) = 162) if dispersal was

not occurring. However, less than half that number (72) were recovered. Overall, the

data suggest that after about four days, most of the released fish were no longer

available for recirculation.

Table 6i

Marked Fish Recoveries by Release Location and Date

11(L I proportion JML I Proron n I Proportion Total

Date 5.371 Relased 4.586 Released 4,426 Released 1438

Oct. 17 167 0.031 42 0.009 33 0.007 242

Oct. 18 72 0.013 47 0.010 26 0.006 145

Oct. 19 62 0.011 23 0.005 20 0.004 105

Oct. 20 62 0.011 21 0.004 14 0.003 97

Oct. 21 5 0.001 1 0.000 2 0.000 8

Oct. 22 7 0.001 4 0.001 3 0.001 14
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DISCUSSION

During September, 1989, dye release studies were performed to determine the

potential for fish to be recirculated to the Indian Point Units 2 and 3 intakes from

alternative return line discharge points. Results suggested that recirculation to the

Unit 2 intake from a point 11' offshore might be 86%, while that from 160' might be

61%, and from 210', 43%. Return rates to the Unit 3 intake were 3%,.3%, and 11%,

respectively for these three release locations offshore of Unit 2. These results reflected

totally passive transport, including diffusion, from the alternative locations.

During September and October, 1990, live marked fish were released at the same

discharge points to evaluate recirculation rates for non-passive organisms. During the

first test, when both Units 2 and 3 were operating at nearly full flow capacity,

recirculation rates for fish, adjusted for impingement collection efficiency, were 0.134

from the 110' location and 0.059 from the 210' location. However, these results were

suspect since uncertainty existed about whether recirculated fish, collection efficiency

fish, or both, were lost when the collection basin overflowed due to excessive debris

accumulations during the test interval.

The test was re-performed in October and recirculation rates for fish, adjusted for

collection efficiency, were 0.348 from 110', 0.151 from 160', and 0.111 from 210'. During

this test, circulating water flow rates were approximately one-half of those during the

September test because Unit 3 was shut down for refueling. Although results of the
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September 1989 dye recirculation and the September 1990 fish-release studies suggested

that the contribution of Unit 3 to reimpingement of fish released at various potential

Unit 2 return sites was small, the Unit 2 fish recirculation data were adjusted to reflect

possible recirculation rates had Unit 3 been operating. The projected recirculation rate,

adjusted for Unit 2 collection efficiency, to both Units 2 and 3 from the 110' release

location was calculated to be 0.365:

[(375 + 0.198) x ((86% + 3%) + 86%)] + 5371

The projected recirculation ratefor the 160' release location was 0.159:

[(138 + 0.198) x ((61% + 3%) + 61%)] + 4586

and that for the 210' release location was 0.140:

[(98 + 0.198) x ((43% + 11%) + 43%)] +4426.

The similarity of the latter two projected recirculation rates, 0.140 from 210' and

0.159 from 160', suggests there may be little difference in potential recirculation between

the 160' and the 210' release points, particularly when the projected influence of Unit 3

is considered.

Results of impingement collection efficiency tests were low during both the

September and the October recirculation rate studies. However, these results do not

necessarily constrain their use for projecting potential recirculation rates, provided that

impingement collection loss rates for collection efficiency fish do not differ from loss

rates for marked fish that become impinged.
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EXPERIMENT 1: RELEASE AND RECAPTURE DATA APPENDIX A
Location 110' 210'
Releas Time tm610143M 1-W M1M0-t1ss 1430-uss 2230-2Mo I t001400

Med MAXMRC HlMO8L.U MAXIs LOW81.V jMUXFLOD FIGBaLAOX MAXE M LOWsLK

clip, An W Rpm DWI TOTMAr Laa to-Ro w F TOTALS

Number Released 100 M Gat ans' -816 1 soos an t

RecaptureDate Time

11-Sep 13:.30

12-Sep 00:00
12-Sep 04:00
12-Sep 10:.00
12-Sep 12.30
12-Sep 18:00

13-Sep 04:30
13-Sep 09:00
13-Sep 13:00
13-Sep 16:00

14-Sep 04:20
14-ISep 09.30

I

4 1 6 13

I

3 1

2 a a

a 2 7

2

I

2

2I I 2
2

5a

!
3l 4I 2

TOTALS 5 9 13 10 37 37 0 1 4 3 17 17

TOTALS U 1 4 3 1? 17Ii



EXPERIMENT 2: RELEASE AND RECAPI UHt: .A IA A~lt'VtNUIA t

Location If 101 21W
Paln. Time. 0811-1111 1-I0 16-1 10011-11ll 112M-1406 130-1 I Ca11-lMl 1206-1406 11530-1 183&-w

It4OMMKINACKc UAXeH ILOW U.AMHAtI UAXKDO ItUUA1 I~LOW M.A4 &IXO00I4H~ISM LWA

CI 2 LPO. FIP ).W I 11VITOTALS 1D0 A ")~m-P TOTALS FUU 1-20-LPDa 2D-I., TOM~

Numgber Psatened 130 IM 3MS 12781 t=6 53711 sal 11291 11,41 126 468 1311 4201 133Z4 13061 ý4425

17-Owl 12:14

17--00 13:00

1.-wa 14.'0

17-O0a IenO

7-,Oat 17:0

17-001 1748

17-Oat 18$40

17-Oa Is=

17-CU am

8-.Oat 01:15

15-Oat 04:•

IS-Oa O

15-Oat 0600

18-O0t oe40

to-Oa am:60

ISOU 14~0

Is-Oal 1OM00

18-Oa 18O6

18-Oat 17-.0

11-001 law-0
I&42t 14=6

18-0a 21:00

16-0 21.310

If-Oa 2M:00

iS-Oat oW-.

19-O0a 08:00

15-ON 04:00104O)d 06:60

15-ON 00=0

1i-Oat 1:00

19-Oat 11.10

98-Oat 1MOO

IS-00 17:30

Is-Oct 3:00

19-Oct 20:a

tB-0Oa 2140

10-04 2.'O001:.00

08:00

06:00

07M.0

t?:m

08:00

16:00

17:00

21.00

moo

24:00

04:40

TOTALS

2

1

2

3

5

21

5

8

4

I

4

2

2

a

3

4

a

4

2

1

to

43

20

B

11

2I

2.
a

3

*2

32

22 167
i

2

4

6

8

2

4

1

I

1

2
S

2

a

S

2

8

a

11

2

2

1

2

1

1

II

1B 42

7

7

1

2

.2

4

65

a I 3

2

4

2

2

4

2

4

2

2

1
I

1

2

1
2

1I

I

2

1

1

2

4 1

I

1 l6

B

1 6 72

4

4 6

2

23

3 a

2 a

2 4

4 7

2

2

3

2 4 62

7 13

4 a

2 8

1 7

3

1 2

a 6

3

I 7

4

1 2

66

r 7

14W 375 371

3 4

2

1

4 2

I

I

1 8

I 47

1 1

2

1

1 7

2

2 4

1 4

1
1

1

1

I

1

1 4

11 21

a 3

63

2 4

I 2

2

6

3 3

1

1

1 3

2

1

1

2

23

2 3

2

2

2

3 2

2

12

2

2
2

3

I

3

0

so

3

3

2 1

1

1

4

4

4

4

1

3

1

1 4
1

1

I 3
1

3

3

11

2

62

1

An

21

4 I

4 4

I1I8 133
2

46 2 48

1

3

S3

14

I~2:

3

14 9 22 95O im
40 49
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STANDARDHIZ REIMPINGEMENT RATES APPENDIX C
FISH IMPINGED PER 1.000 FISH-HOURS

I 110'w 60 , 210'
Tire JMXR00WI0 20S UAX0 3LOWY8LX ROCOW.XlIfFLOOI,'•GsL"1 Uias MAX UMA L.owV I MAX-E ILowS.,

tv--Cm 112.16

17-Oad 1a00

17-Cat 14:00

17-Od 1%a00

17-O01 17:00

17-Oat 17.46
17-.Oat 18:40
17-Oa iM4

17-Oat la
17-.m 20800

17-Oct am
17.-Ool =210

17-00 020

1-o•t 01:15

18-,m 04:30

1609 O&W0
1U-Oat 08:00

16-4)d 0•0:0
US-Ca law1-m 08:40

1,-Oa 14:00

18-Om 4i0O

ia-OC IMo0
IS-Cml 13.10

ta-oC 17oM
18-.oot I180o

15-O- 21:00
16-ool MAO;ta-Cml ai

it1-ad 20:00

U-Cm 2:001s-ct 04M

19.-01 17".:.
IS-Oat 10:00

10-Cm 20680
19-Oot MIS00
18-Cat 17:30

to-Oa 19:00S-Cm 270M

19430 ' 1:00

Is-Oat1 3306.
toa- 0:00

20-00a 11;00

20a-0 OL00

1-Ot M00

20-W 07:00

a-C 300

20-Cmo 11;00

20-Oa 13:00

a-Oat 18:00

go-Cm 17M1

M00-a 16:00

20-O1t 2 M0

2&4Ca 22:00

21-C• 0":01

I-C 084.30
22-0 4IA

0,77

1.54

1.54

2.16

4.64 0.85

&37
4.67

1.76

0.30

0.52

1.315
1.66

0.79

1.e•
1.87

2.64•Lim
3&31

2.21

1.86

0.74

1.12

4.84

0.58

4.38

0.42

0.42

0.46

0.74

1.11

a.m2

1.1I

14.50

11.86

4.13

$l3

1.40

0.56

1.2

0.26

0.82

0.07

2.49 1.06

1.84

1.71

0.70

3.16

&.16

0.96

1.02

1.02

4.01

1.0)

1.80

1.36

0.64

0.90

0.90

0.68 6.56

6.16

0.86

1.00

0.10

0.75

0.76

1.31 1.13

0.74

1.4611.28
2.10

1.08

0.64

0.01
8.00

0.26

IA9

0.21

0.0

0.66

1.11
8.38

0.83

1.67

0.14

1-0

0.4O2

0.42

0.84

0.42

0.42

0.42

0.42

0.86

0.66

1.00

0.68

1.03 0.40 1.79

0.74

0.15 0.62

..30 086

0.60 1.10

2.21

1.90

0.71

0,.3 0.3y 0683

0.38 0.37 2.02

0.76 0.37 1.58

0.38 0.34

0.38 0.37 0.42

0.37

0.37

0.3. 0.37 0.42

0.76 1.12 1.27

1.52 0.76

0.38 0.42

0.28

0.19 0.05

1.21

0.,30

6.36 7.36

0.61

0.44

2A02 1.00

0.20

1.07

1.07

1.a

2.30

1.73

0.83

2.06

1.00

1.56

0.23

0.73

0.78

1.68

0.62

0.52

0.52

0.38

0.43

1.56

0.31

0.52

1.06

1.67

0.36

0.36

0.79

0.3

0.36

2.86

2.86

3.60

3.81

0.&

1.21

0.75 1,4!

0.51

0.41

162

1.62

1.22

ZadM

0.`

a.m

1A4

0.80
2!.21 6.0

0.3?

0.41

1.84

1.01

1.,38

1.07 0.46

0.51

0.38

0.38

0.38

0.3B
0.381

0.381

0.38 0.3

1.61

0.64

L0.54

0.38

0.38

O.Ja

0.44

1.18

0.40

0.06

0.10

0.13

0.04

0.29

0.08
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Table B-1. Release Data for Fin-Clipped Hatchery
Striped Bass Released at Six
Locations on Four Tidal Current
Stages Offshore of the Indian Point
Station on September 30, 1991.

Release Tide Release Fin- Clip Number
Station Stage Time Clip Code Released
2-A LS 1247 LP 3 1095
2-B LS 1254 RP 4 1095
F-B LS 1301 A 7 1088
F-A LS 1305 2 D 2 1093
3-B LS 1310 RPL 6 1064
3-A LS 1315 LPL 5 833
2-A HF 1553 l&2 D 12 1075
2-B MF 1557 1 DA 17 1085
F-A MF 1604 1 D,RPL 16 1069
F-B MF 1610 1 D,LPL 15 1054
3-A MF 1615 1 D,LP 13 1038
3-B MF 1621 1 DRP 14 1051
3-B HS 1911 AfLPL 75 1054
3-A HS 1915 ARPL 76 1015
F-B HS 1920 2 DLPL 25 1063
F-A HS 1925 2 DRPL 26 1043
2-B HS 1929 2 DIRP 24 1059
2-A HS 1934 2 DILP 23 1073
3-A ME 2235 ARP 74 1094
3-B ME 2241 A LP 73 1092
F-A ME 2246 2 DA 27 1045
F-B ME 2253 RP,LPL 45 1074
2-A ME 2257 Q&2DA 127 1054
2-B ME 2301 1 D 1 1068

J

LS
MF
HS
ME
I D
2 D
LP
RP
LPL
RPL
A

=

=

=

=

=

=

=

=

low slack
maximum flood
high slack
maximum ebb
first dorsal (1)
second dorsal (2)
left pectoral (3)
right pectoral (4)
Left pelvic (5)
right pelvic (6)
anal (7)
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-" 19

-. 19

-- 19

71 19

20

-- 20

20

-- 22

23

-- 23

-" 24

24

* 25

- 24

120 25

-- 20

- 20

-- 21

23

23

-- 21

21

- 20

-- 21

125 20

1U5 21

-- 20

-- 24

- 25

-- 25

-- 23

-- 23

-- 23

- 23

23

- 23

68 23

-- 27 -

- 25 -

-- 22 -

-- 22 --

22 -

- 23 -

21 -

-- 21 -

71 21 65

(COtiMed)
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Table D-1. Distribution By Unit of Recovered Hatchery
Striped Bass Following Release at Six Locations
at Indian Point Fall 1991.

Recovery Location(Percent

Release Number Number
Location Released Recovered Unit 2 Unit 3

2-A 4,297 161 66.4 33.6
2-B 4,307 1,259 96.1 3.9

F-A 4,250 126 61.1 38.9
F-B 4,279 625 58.1 41.9

3-A 3,980 143 23.1 76.9
3-B 4.261 183 10.9 89.i

Table D-2. Recovery Distribution for Location 2-A Released
Striped Bass.

Recoveries

Numbers
Number

Tide Stage Released Unit 2 Unit 3 Total Percent

Low Slack 1,095 29 16 45 4.11

Maximum Flood 1,075 61 25 86 7.99

High Slack 1,073 7 2 9 0.84
Maximum Ebb 1,054 10 11 21 1.99

Totals 4,297 [ 107 541 1611 374

Percent Distribution [ 66.4 33.6[



Table D-3. Recovery Distribution for Location 2-B Released
Striped Bass.

Recoveries

Numbers
Number

Tide Stage Released Unit 2 Unit 3 Total Percent

Low Slack 1,095 108 15 123 11.22
Maximum Flood 1,085 167 14 181 16.67
High Slack 11059 351 9 360 33.96
Maximum Ebb 1,068 584 11 595 55.66

Totals 4,307 1210 49 1259 29.27
Percent Distribution 96.1 J 3.9

Table D-4. Recovery Distribution for Location F-A Released

Striped Bass.

Recoveries

Numbers
Number

Tide Stage Released Unit 2 Unit 3 Total Percent

Low Slack 1093 21 16 37 3.38

Maximum Flood 1,069 44 4 48 4.49

High Slack 1,043 5 25 30 2.87

Maximum Ebb 1,045 7 4 11 1.05
Totals 1, I 4,2501 77 49 1261 2.96

Percent Distribution 1 61.11 38.9



I

Table D-5. Recovery Distribution for Location F-B Released
Striped Bass.

Recoveries

Numbers
Number i

Tide Stage Released Unit 2 Unit 3 Total Percent

Low Slack 11808 213 16 229 21.03
Maximum Flood 1,054 144 14 158 14.98
High Slack 1,063 4 107 _Il 10.43
Maximum Ebb 1,074 2 125 127 11.81

Totals 1 4,279 363 [ 262 J_625 14.597

Percent Distribution j58.1 j41.9]

Table D-6. Recovery Distribution for Location 3-A Released

Striped Bass.

Recoveries

Numbers
Number

Tide Stage Released Unit 2 Unit 3 Total Percent
Low Slack 833 4 89 93 11.15
Maximum Flood 1,038 16 6 22 2.12
High Slack 1,015 5 4 9 0.89
Maximum Ebb 1,094 8 11 19 1.74

Totals I 3,9801 33 110 143 3.59
Percent Distribution 1 23.11 76.9

j
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Table D-7. Recovery Distribution for Location 3-B Releasedstrijped Bass.
Recoveries

eNumbers

Tide Stage Released Unit 2 Unit 3 Total Percent

Low Slack 1,064 11 108 119 11.17
Maximum Flood 1,051 3 33 36 2.42

High Slack 1,054 6 22 28 2.65

Maximum Ebb 1,092 0 0 0 0.9

Totals 4,2611 201 163 183.

Percent Distribution 1 10.9 _ _89.1_ _
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Table E- 1. THREE- WAY CONTINGENCY ANALYSIS OF MARKED HATCHERY STRIPED BASS
RECOVERIES AT INDIAN POINT UNITS 2 & 3 FOLLOWING RELEASE AT SIX
LOCATIONS ON SEPTEMBER 30,1991.

REFERENCE: SOKOL, R.R & FJ. ROHLF. 1969. BIOMETRY.
W.R FREEMAN & CO. SAN FRANSCISCO. 776pp.

LOW MAX HIGH MAX
LOCATION SLACK FLOOD SLACK EBB Total

Recovered 45 86 9 21 161
2-A Escaped 1050 989 1064 1033 4136

Total 1095 1075 1073 1054 4297
% Recovered 4.11 &00 0.84 1.99 3.75

2-B Recovered 123 181 360 595 1259
Escaped 972 904 699 473 3048

Total 1095 1085 1059 1068 4307
% Recovered 11.23 16.68 33.99 55.71 29.23

F-A Recovered 37 48 30 11 126
Escaped 1056 1021 1013 1034 4124

Total 1093 1069 1043 1045 4250
" Recovered 3.39 4.49 2.88 1.05 2.96

F-B Recovered 229 158 111 127 625
Escaped 859 896 952 947 3654

Total 1088 1054 1063 1074 4279
% Recoveed 21.05 14.99 10.44 11.82 14.61

3-A Recovered 93 22 9 19 143
Escaped 740 1016 1006 1075 3837

Total 833 1038 1015 1094 3980
% Recovered 11.16 2.12 0.89 1.74 3.59

3-B Recovered 119 36 28 0 183
Escaped 945 1015 1026 1092 4078

Total 1064 1051 1054 1092 4261
% Recovered 11.18 3.43 2.66 0.00 4.29

Total Recovered 646 531 547 773 2497
Escaped 5622 5841 5760 5654 22877

Total 6268 6372 6307 6427 25374
% Recovered 10.31 833 &67 12.03 9.84



Table E- 1, Continued; COMPUTATION OF N*LN(N)

iS MF HS' ME TOTAL
2-A Recovered 171300 383.074 19.775 63.935 81&106

Escaped 7304.373 6820.831 7415.857 7169.250 34442.476
Total 7663.368 7503.582 7487.623 7336.207 35947.294

2-B Recovered 591.899 940.928 2118.997 3801.194 8986.834
Escaped 6686.734 6153.374 4578.206 2913.252 24451.790

Total 7663.368 7583.429 7376.020 7447.744 36040.963

F-A Recovered 133.604 185.818 102.036 26.377 609.372
Escaped 7352.129 7074.037 7010.640 7177.191 34330.563

Total 7647.373 7455.718 7248.700 7264.602 35507.366

F-B Recovered 1244.322, 799.890 522.758 615.212 4023.595
Escaped 5803.206 6090.955 6529.354 6490.074 29975.873

Total 7607.401 7336.207 7407.888 7495.602 35778.750

3-A Recovered 421.532 68.003 19.775 55.944 709.687
Escaped 4888.921 7034.407 6955.220 7503582 31664.636

Total 5601.953 7208.963 7026.484 7655.370 32990.368

Recovered 568.716 129.007 93.302 0.000 953.336
3-B Escaped 6474.370 7026.484 7113.692 7639.377 33901.890

Total 7415.857 7312.330 7336.207 7639.377 35610.281

Total Recovered 4180.136 3331.899 3448.533 5140.666 19533.645
Escaped 48542.837 50656.991 49874.070 48851.230 229636.748

Total 54802.457 55816.609 55182.563 56353.627 257329.921

SUMMATION OF VALUES
a 170282.91 cel1s
b 204868.16 location xrecovery.,
c 176721.37 tide X location
d 214026.36 tide X recovery
e 211875.02 loclocation
f 222155.26 tide
g 24917039 recovery
h 257329.92 grand total

Three-way test of independence of Recovery, Location, & Tide

d.a 0 (COMPUTATIONS)
Location X Recovery Independence 5 23053 * 2*(b-e-g+h)
Tide X Recovery Independence 3 61.3 * 2*(d-f-g+h)
Location X Tide Independence 15 42.0 * 2*(c-e-f+h)
Location X Recovery X Tide Interaction 15 1075.5 * 2*(a-b-c-d+e+f+g+h)

Location X Recovery X Tide Independence 38 3484.2 *

Signifiant; X sq @ 0.05



Table E-2. THREE-WAY CONTINGENCY ANALYSIS OF MARKED HATCHERY STRIPED BASS
RECOVERIES AT INDIAN POINT UNITS 2 & 3 FROM FOUR SELECTED RELEASE
LOCATIONS.

REFERENCE: SOKOL, R.R & FJ. ROHLF. 1969. BIOMETRY.
W.H. FREEMAN & CO. SAN FRANSCISCO. 776pp.

LOW MAX HIGH MAX
LOCATION SLACK FLOOD SLACK EBB Total
2-A Recovered 45 86 9 21 161

Escaped 1050 989 1064 1033 4136
Total 1095 1075 1073 1054 4297

% Recovered 4.11 &00 0.84 1.99 3.75

F-A Recovered 37 48 30 11 126
Escaped 1056 1021 1013 1034 4124

Total 1093 1069 1043 1045 4250
% Recovered 3.39 4.49 2.88 1.05 2.96

3-A Recovered 93 22 9 19 143
Escaped 740 1016 1006 1075 3837

Total 833 1038 1015 1094 3980
% Recovered 11.16 2.12 0.89 1.74 3.59

3-B Recovered 119 36 28 0 183
Escaped 945 1015 1026 1092 4078

Total 1064 1051 1054 1092 4261
% Recovered 11.18 3.43 2.66 0.00 4.29

Total Recovered 294 192 76 51 613
Escaped 3791 4041 4109 4234 16175

Total 4085 4233 4185 4285 16788
% Recovered 7.20 4.54 1.82 1.19 3.65



Table E-2, Continued. COMPUTATION OF N*LN(N)
IS MF

2-A Recovered 171.300 383.074
Escaped 7304.373 6820.831

Total 7663.368 7503.582

F-A

3-A

Recovered
Escaped

Total

Recovered
Escaped

Total

Recovered
Escaped

Total

Recovered
Escaped

Total

133.604
7352.129
7647.373

421.532
488.921
5601.953

568.716
6474.370
7415.857

1670.972
31239.300
33967.090

185.818
7074.037
7455.718

6&003
7034.407
720&963

129.007
7026.484
7312.330

1009.439
33557.464
35348.370

HS
19.775

7415.857
7487.623

102.036
7010.640
7248.700

19.775
6955.220
7026.484

93.302
7113.692
7336.207

329.136
34190.722
34899.811

ME
63.935

7169.250
7336.207

26.377
7177.191
7264.602

55.944
7503.582
7655.370

0.000
7639.377
7639.377

200.523
35357.721
35834.923

TOTAL
81&106

34442.476
35947.294

609.372
34330-563
35507.366

709.687
31664.636
32990.368

953.336
33901.890
35610.281

3934.458
156755.518
163320.709

3-B

Total

SUMMATION OF VALUES
a 114402.55 cells
b 137430.06 location x recovery
c 116803.71 tide Xlocation
d 137555.28 tide X recovery
e 140055.31 loclocation
f 140050.19 tide
g 160689.98 recovery
h 163320.71 grand total

TMree-way test of independence of Recovery, Location, & Tide

d.L G
Location X Recovery Independence 3 10.978 *
Tide X Recovery Independence 3 271.632 *
Location X Tide Independence 9 37.836 *
Location X Recovery X Tide Interaction 9 176.541 *

(COMPUTATIONS)
2'(b-e-g+h)
2*(d-f-g+h)
2*(c-e-f+h)
2*(a-b-c-d+e+f+g+h)

Location X Recovery X Tide Independence 24 496.988 *

*Significant; X sq @ 0.05



Table E-3. 2 X 2 CONTINGENCY ANALYSES OF RECOVERY RATES
FROM FOUR SETS OF RELEASE LOCATIONS

REFERENCE: SOKOL, R.R & FJ. ROHLF. 1969. BIOMETRY
W.H. FREEMAN & CO. SAN FRANCISCO. 776 PP.

LOCATION 2-A VS LOCATION F-A

Rec
Esc

Total

Ln Values
Rec
Esc

Total

cells =
locations =
recoveries =
error =

2-A
161

4136
4297

F-A
126

4124
4250

Total
287

8260
8547

Ln Values
162427

74498A3
77378.86

818.11
34442.48
3594729

70200.5163
71454.6598
76122.6971
77378S596

609.37
34330.56
3550737

1624.27
74498.43
7737886

G= 4.04

X2 at 0.05, 1 df
= 3841

Since 0 is larger, conclude that
Returns are not independent of location

LOCATION 3-A VS LOCATION 3-B

Rec
Esc

Total

Ln Values
Rec
Fsc

Total

cells =
locations =
recoveries =
error =

3-A
143

3837
3980

3-B
183

4078
4261

Total
326

7915
8241

Ln Values
1886.53

71049.12
74308.08

709.69
31664.64
3299037

67229.5484
68600.6489
72935.6446
74308.0831

953.34
33901.89
3561028

1886.53
71049.12
74308.08

G= 2.68

X2 at 0.05, 1 df
= 3.841

Since G is smaller, conclude that
Return rates are independent of location.



Table E-3. 2 X 2 CONTINGENCY ANALYSES, CONTINUED.

LOCATION 2-A VS LOCATION 3-B
2-A 3-B

Rec 161 183
Esc 4136 4078

Total 4297 4261

Total
344

8214
8558

Ln Values
2009.18

7403767
77489.45

Ln Values
Rec
Esc

Total

cells
locations =
recoveries
error =

818.11
34442.48
3594729

953.34
33901.89
3561028

2009.18
74037.67
77489A5

701158077
71557.5755
760468525
77489.4533

G =1.67

X2 at 0.05, 1 df
=3S841

Since G is smaller, conclude that
Return rates are independent of location.

LOCATION F-AVS LOCATION 3-B
F-A 3-B

Rec 126 183
Esc 4124 4078

Total 4250 4261

Total
309

8202
8511

Ln Values
1771.60

73917.52
77017.02

Ln Values
Rec
Esc

Total

ceils =
locations =
recoveries =
error =

60937
34330.56" 3550737

69795.1607
71117.6469
75689.1198
77017.D154

953.34
3390189
3561028

1771.60
73917.52
77017.02

G =10.82

X2 at 0.05, 1 df
= 3.841

Since G is larger, conclude that
Returns are not independent of location.



Table E-3. 2 X 2 CONTINGENCY ANALYSES, CONTINUED.

LOCATION F-A VS LOCATION 3-A

Rev
Esc

Total

Ln Values
Rec
Esc

Total

cells'-=-

locations =
recoveries =
error =

F-A
126

4124
4250

3-A
143

3837
3980

Total
269

7961
8230

Ln Values
1504.98

71508.17
74197-90

60937
34330.56
35507.37

709.69
31664.64
3299037

1504.98
71508.17
7419790

673142571
68497.7333
73013.1465
74197.9048

G= 2.56

X2 at 0.05, 1 df
= 3841.

Since G is less, conclude that
Returns are independent of location.

LOCATION 2-A VS LOCATION 3-A
2-A 3-A

Rev 161 143
Esc 4136 3837

Total 4297 3980

Total
304

7973
8277

Ln Values
1737.98

7162797
74668.77

Ln Values
Rec
Esc

Total

cells =

locations =
recoveries -
error =

818.11
34442.48
3594729

709.69
31664.64
32990.37

1737.98
7162797
74668.77

67634-9041
68937.6619
733659423
74668.7692

0 =0.14

X2 at 0.05, 1 df
= 3.841

Since G is less, conclude that
Returns are independent of location.
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Table F-1. Distribution of Wild Striped Bass Among
Collections At Indian Point Units 2 and 3,
September 30 - October 7. 1991

Tide Cycle Unit 2 Unit 3 Cycle Total Total
1 Flood 21 0 21 83

Ebb 32 30 62
2 Flood 34 17 51 83

Ebb 10 22 32
3 Flood 107 51 158 182

Ebb 22 2 24
4 Flood 28 5 33 64

Ebb 24 7 31
5 Flood 3 10 13 32

Ebb 19 0 19
6 Flood 18 6 24 28

Ebb 3 1 4
7 Flood 4 6 10 45

Ebb 34 1 35
8 Flood 15 0 15 24

Ebb 9 0 9
9 Flood 4 6 10 24

Ebb 9 5 14
10 Flood 5 6 11 21

Ebb 10 0 10
11 Flood 10 4ý 14 31

Ebb 8 9 17
12 Flood 3 0 3 3Ebb 0 0 0 _ _ _

13 Flood 10 6 16 65
Ebb 16 33 49

14 Flood 9 4 13 146
Ebb 0 133 133

Totals 831
Flood 271 121 392
Ebb 196 243 439
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Appwm O. Table 1.
~n~inm"DaaBo:. BftjncdMean o M ylmlpbyny l of Twdh SpecesofFib A IdimPoit Lhla2,

Beadon oborvedrate (msdzled hbr-oea on ai•ff ad e en. vb iud 1975-1990.

%bite Parch Alewife Bluebek Awli OiG rd And, y BIhebh lbtgtuw Ralbow Skri" ,MatiM WeakfbMHer ad ted smal-u, Toamed

Jammy 235,262 19 6 1,220 42 1 510 1,276 8976 1,972 0
Felnry 160,611 16 17 1 115 4 0 89 743 5.521 424 0
Mar 121,570 9 10 1 25 2 0 66 583 3,X0, 396 0
X 70,366 6 35 0 0 0 0 1,278 994 849 178 0

23,947 126 211 13 0 426 1 5,787 975 310 26,648 1
Aua 8,427 274 357 336 0 3,679 1,440 1,858 908 133 81,990 1
Juy 11,040 3420 7M 9,883 0 65,184 2,734 2,729 2,517 2,525 140831 2,667
Auat 21,071 1,675 5056 2,311 1 48•183 296 7,136 712 2.996 43.104 8,476
SepWtabg 14,529 692 10,619 562 3 22,399 271 7,408 412 1,913 9,147 5,263
Octob3, 1,332 136.779 1,407 59 8,953 31 5,533 1,096 2,982 1,101 1,154
November 73,193 1,091 34,226 1,261 445 400 2 188.5 609 1,705 238 2M0
Dwcmber 169,939 63 1,858 50 1,161 36 1 2,178 1,348 3,877 3,254 27

Total 942,337 8.893 196,588 15,831 3,019 149,3= 4,777 36,457 12,163 35,091 309,273 17,9
Pacet 53A 0.5 11.1 0.9 0.2 .5 0.3 21 0.7 2.0 17.5 1.0

Od- AllSpadc TMQ
2273 251,594
1643 169,184
2207 128,171
ism 75,510
1061 5905O6
1431 160,884
2907 253,810
1799 142,818
1765 74,983
7143 200,110
5368 120,673
4097 18,389

33M6 1,765,58
1.9 IBM



Appendi O. Tabl 2.
Imogene lt Svuei Raz: hbed oaPlhetclr 30. Flow lcsuod 1ldmb e ,ep dp-mt

Water isals I •a u. Tiua AMewa. "Soc. IDM93-4 ISA N90.

Specius Namber IDuad NL Dud % AtJ %at
Teuted AI4ued AWired Tol

Alewit 71 62 44 3 23
thleieToucod 03 1, 303 63 21.5

PMnp Iunm d 21D 7 Is 93 73
Silpd Bahus 16 9 8 91 3.1
Wike Catfsl 25 40 10 60 09
Wheim ptch 06 H 253 86 643
Total 2801 432 8.5 1B

Prjactlon of bopIqd Fish lalthiISoeueld Rates for CorpasUtos d Losue Du to Rbciiuallon ctatecud Plubet lJdla afth Uht .

Spells all Wd•a Ieb Ahowilb ]1mbac Americas Olnuid AnwboW 1M.n HNqdopkw aiabow Srlpd i llsatio WVAbiuMl Oherz AUdpecks
Taxoe Hnkis Sliked Ski SuBk au Toncod Tease I= Ws

No, Lmplord 1,74582 942,337 4893 3,568 ISw83I 3i0 14%308 4.4,777 36.457 3,53 31%001 2O,99 vi5 DAM = 5
Swomil (%) 76 86 3 M8 38 3 38 IS 80 5 91 83 85 85 64
No.Ativ 1341,642 8M,4 10 3,370 74,703 6.0% 1,151 56,737 40M0 36,47 111NR3 3%,933 2M56,347 13, 3 286M7 S 2

Racircublloo •MISeI: (BSJwasid) Rate
Pitt - 50%c 0lmplipme,* SfvullRate 03
Secd. 50% d Pint Radcaulon Seoka Rau 025

- Thlerd. 0* *0

RectceticloRate*:
She

Ball 3-A 3-B 2-A P-A
LiPe Fish 36 4.3 3.7 3
Dr (a) x a 32 6
Dp (ba) 2 12 32 9
Die to) IS 2 12 32



Appendix G. Table 3.
Computational Format for Projection of Potential Annual Lmses Due Recirculation.
Example = Site 2-A; Januazy - Febrary Recirulation Window.

Month
Januarywp
January all other
February wpFebruar all othl
March
March 2others

April
April all others
May
May all others
June
June all others
July
July all others
August
August all othera
September
Sept All othas
October
Oct. all others
November
Nov. all others
December
Dec. all others

Total =
Mortality =

nitial Impingement
Number

Impinged (1)
235,262,

16,332
160,611

8,573
121,570

6,601
70,368

5,142
23,947
35,559

8,427
92,397
11,040

242,780
21,071

121,747
14,529
60,454
32,380

167,730
73,193
47,480

169,939
18,450

1,765,582

No. Rtn'd
Alive(2

10,425
138,125

5,472
104,550

4,214
60,516
3,M2

20,594
22,698
7,247

58,979
9,494

154,972
18,121
77,714
12,495
38,59
27,847

107,066
62,946
30,308

146,148
11,777

1,335,907

Recycle
Rate(2)

0.320
0.037
0.320
0.037
0.037
0.037
0.037
0.037
0.037
0.037
0.037
0.037
0.037
0.037
0.037
0.037
0.037
0.037
0.037
0.037
0.037
0.037
0.037
0.037

First Recycle
Ryc)led No. Rtn'dAlive
IstTime lit Rcyle(2)

64,744 27,840
386 123

44,200 19,006
202 65

3•86 1,663
156 50

2,239 963
121 39
762 328
840 268
268 115

2,182 696
351 151

5,734 1,830
670 288

2,875 918
462 199

1,428 456
1,030 443
3,961 1,264
2,329 1,001
1,121 358
5,407 2,325

436 139
145,776 60,529

85,247

SecondRecyde
Recyled No. Rm'dAlive
2nd Time 2nd Rcyle(2)

8,909 1,915
5 1

6,082 1,308
2 0

62 13
2 0

36 8
1 0

12 3
10 2
4 1

26 4
6 1

68 11
11 2
34 5
7 2

17 3
16 4
47 7
37 8
13 2
86 18
5 1

15,497 3,318
12,179

Third Recycle
Recycled No. Rtn'd Alive
3rd Time 3rd Rcyle(2)

613 0
0 0

418 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
1 0
0 0

1,035 0
1,035

Mortality Due toRecirculation =(Initial impingement survival - sum ofRecirculation survival) =
Percent Mortality due to Recirculation = (Recirulation Mortality/No. Returned Alive) X 100=

[ See Appendix G. Table 1.
See Appendix 0. Table 2.

98,461
7.4



vZZN!-vaX41



Figure H-1. Proposed Layout for Unit 2
Ristroph Screen Return System and Schematic
Location of Return System Water Depth and
Transit Time Measurement Points.

Table H-1. Water Depths Within Proposed Unit 2 Fish Collection Sluice System.

Section Location

A - A' Screen 23 midpoint
B - B' Screen 21 discharge
C - C' Screen 24 midpoint
D - D' Screen 26 discharge
E - E' In-deck Entrance
F - F' In-deck Discharge
G - G' End of Confluence
H - H' Entrance to taper
* Facing downstream

Width
(inches)

36
36
36
36

20
20
22
22

Estimated
Flow (GPM)

500
800
500
800
8oo
-800
800
8oo

Water Depth (inches)
Left* Center Right
1.7 1.9 1.9 1.9 2.0
1.7 2.0 1.7 1.9 2.0
1.5 1.5 1.5 1.7 1.5
2.5 2.2 1.7 1.5 1.2
1.0 1.0 1.0 1.4 1.4
2.0 2.0 1.7 1.7 1.7

1.0 1.2 1.0 2.0 1.5
2.0 2.0 - 1.7 1.2



Table H-2. Transit Times Through Segments of the Proposed Unit 2 Fish Return System
(Transport time for a float over a specified distance.)

Segment

A -A'
C -C'
E -E

G -G'
I - I'
J -J,

to B
to D
to F
to H
to J
to K

- B'

- F'
-H'
-j'

-Kt

Estimated
Flow
(GPM)

500 + 300
500 + 300

800
800

2300
2300

Distance
(Feet)

30
30
96
16.5
65

250

Time (Seconds)
Trials

1 2 3 4
11.5 11.8 12.2 13.1
8.9 8.7 8.4 -

15.6 14.8 14.4 15.2
2.2 2.2 2.4 2.4
9.2 8.7 9.0 9.1

Calculated

Ave.
12.1

8.7
15.0

2.3
9.0

35.2

Approximate Transport Velocity:
Feet/sec

A
C
E
G
I
J

-A'
- C'
- Er

-Go
-Io
_jt

to B
to D
to F
to H
to J
to K

- B'
- D'
- F'
- H'
-jK

- K

2.5
3.4
6.4
7.2
7.2
7.1
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Attacahalt A

Winter-Time Reciroulation of White Perch
Cram Two Potential Discharge Bitos

for the Indian Point Unit No. 2 Fish Return System

Results of a fall 1991 live fiha reairculation
test, which was performed at Indian Point Station
pursuant to a DEC request dated xay 10, 1991, vwre
prsent.ed in the document entitleds

Mummary and DiscussionSZndian Point Unit No. 2 Riatroph Screen
Fish and Debris Return System,

which was provided to 8ettlement Party representatives
by letter date Deoember 21, 1993. The results
indicated that any one of four sites, including two
sites offshore of Unit No. and two sites south of
Unit No. 3, would be suitable discharge locations for
the Unit 2 fish return system. ROvOVer#:t WLan a1o
noted that a vinter-tim. hydroacoustic survey offshore
of the Station disolosed the apparent pasLive transport
of fish, which were believed to be white perch. It was
concluded that it passive transport was occurring, then
the results of the fall recirculation test, which vas
conducted in warm water, night not apply to white perch
during cold water periods. Rather, dye reciraulataon
rates,, dtermined from an earlier study, might more
accurately reflect the potential vinter-tim.
recoroulation of vhite perch to the intakes from
alternative discharge locations.

In the absence of winter-time live fish
recirculation data for the sites evaluated, a. veil as
de arecirculation rates for a mite suggested by Dr. Ian
Flaer, several assumptions were udse in order to
projeot potential annual fish losses due to
reoirculation from alternative locations for the Unit 3
return system. Based on these proiections as veil as
engineering assessments of return line doeign and
construction costp, two sites located south of the Unit
3 inta]ie did not appear to be suitable for the Unit 2
return system discharge. Use of the" sites would
require return ystms more than two times greater in
length and cost two to three times more than would a
system installed to the furthest site offshore of Unit
2, yet provide no apparent advantage with regard to

1
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reduction in recirculation. Also, based on the
projections, there vu no appreciable difference in
potential losses tram the tvo sites offshore of Unit 2.
However, because of the inherent uncertainty within the
proJeotionm due to the neoesssity of the various
asmumptions about recirculation, we noted in the
Desciber 21, 1992 transmittal letter our intention to
conduct a winter-time marked live fish release
reoiroulation test to obtain a factual basis to help
better determine the location for the Unit 2 return
system disoharge. Th results of that study are
presented here.

The potential discharge sites evaluated during the
ftvinter-tlzý live fish recirculation test included:

1) the originally proposed Site, 2-A. located
210 feet ofshoare and 145 feeat noz+h of the
Unit No. 2 intake, and

2) the site suggested by Dr. Fletcher# F-A,
lcasted 2310 feet offshore and 175 feet south
of the Unit No. 2 intake.

wahits h were selected to be the test species
because oftheir historLcal abundance in winter-tine
collections of ispinged fish at the Indian Point
*tation, and the expectation that they would be
susceptible to passive transport in cold water. For
consistency with trhe faia 1911 study, It was planned
that 1,000 marked white perch would be released at each
of the two sites on each of tour tidal curent states:
low slack, saxisM flood, high slack, and saximm ebb.

Test fish were initially collected from the
Ristroph screens at Indian Point Unit No. 2. However,
due to mechanical difficulties with the temporary fish
return sluice, screen operation va, halted to
facilitate repairs. As a result, trawling was required
to collect test fish. Because of the stresses
associated with trawling, only approximately 1,200 of
the 8,000 fish required were available at test time.
Accozadingly, to develop the potentially best estimate
of recirculation wnder the eir•custances, we elected to
release marked fish on the two tidal current staaes
that resulted in the Largest quantity of returned fish
during the fall 1991 testsi low slack waters and
maxi um ftlood tide (Appendix A). As a result, the

2
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quantity of white Perch to be released per site per
tide stage was a4Proximately 300.

Test fish, which Vera held at the striped barss
hatdhwy in six toot dianeter by two foot deep tanks
through which river vater was pumped, were marked with
a tin Clip to indicate the tidal current stage and
location of release. Handling and taggin7 mortality
aft4r approximately 24 and averaged 2.80 ITale 1).

Table 1. Handling and Tagg ing Nrtality among White Perch
Narked by Fi xciIio•n for Recirculation Tests at
I poit Unnit 2 in Janua. 192.

Clip LoocationlNumber Clipped 24 ,HouA Kr Ntaty
Number Percent

ueeht Pelvic age a 2.7

First Dorsal 291 1 , .0
Second Dorsal 298 5 1.7

Total Lisa 33 2.8

Whit pch releases were made by placina the fish
in a tan gal ion container, and then lowering it to a
depth of five feet above the river bad before
activating the remotely removable cover* Test sites
were marked with buoy. to facilitate repeated location
for each release. The first drop, which vas scheduled
to be made at low slack water at 1923 hours on
January 22# 1993, wos delayed approximately one hour
due to echaal diffimalties. The release planned
for the time of mximum flood current at 2230 houars
ocourred on schedule.

During the test period, mini"um daily intake vater
temperatures at Indian Point ranged from 0.8 to 1I 8 Co,
and vera mimilar' to long-term average anmul lova.
Circulating water wemps wore operated at reduced flow
at Indian Point Unit No. 3 and at full flow at
Unit No. 2. Screen operation at Unit No. 3 wms
continuous threoughout the monitoring y4eiod, but was
intermittantly interrupted to accomodate maintenance
during the last three days of monitoring at Unit No. 3.

190 You Cl Repo for the Hudson River Eawy Manitors Progrm.
Jauary 1992.A1 ni B.
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minoe the circulating water pump operation ws
continuous at Unit No. 2, it was considered unlikely
that any impinged fish would have bean lost during the
intervals the sreen rotation was halted.

Ristroph sceen fish sluices were monitored
Continuously for 118.5 hours, beginning at 2030 hours
on January 22, 1993, and ending at 1900 hours on
January 27, 1993. This interval exceeded by nearly two
days the projseted length of Lae reguired for natural
down-streal transport, beinning On a flood tids, such
that a returned fish could not be reciroulated to the
vicinity of the station on sme muocoedig flood tide
(Pigure 2). hacamulations of fu-h Were tallied hourly.

EXIT TIME5 BASED ON FRESH WATER PLOWS
ftlmM tt/ *O~tnB 7,H

,- - - - - - - - - -TM - - -- I I-

- - -

q m us

WO iM r 0140 MI WOW61V, OWý
-.-

a I

Figure 2. water Imit Times from the Vicinity
of Indian Point ntation, based on Discharges
at the Green Island Dam, Adjusted for
Domnsteam Inflow.

Recirculated fish vere reoovered with nets and
screens installed -in the sluices. Acaimulations were
tallied hourly" Debris sluices were not monitored
because fewf r. were recovered from theoe mluioes
during the tall 1991 test. FUxther, debris conditions,
which could hays contributed to inef•icient transfers
of fish to the fish sluices were non-existant during
this test.

4
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A total of 103 (8.8%) of the *,159 marked vhite
perch released vore reoovered 80 wear recovered at
Unit is. 2; 23 at Unit No. 3 (Table 2).

Table 2. Numbers of Karked White Perch Released at Two
Locations and Recovered at Indian Point Units 1o1. 2

and 3 Janua'y 22-27, 1993.

Release Nume . numbe Recovered
Location Released
A Tide unit No. 2 Unit No. 3 Total

,_,No-__ _ _o.,___ o. No. No.

2-A 293 7 2.4 6 2.0 13 4.4
LoW slack

2-A 293 6 2.0 6 2.0 12 4.1
Max Flood

Mý - - -

Total 586 13 2.2 12 2.0 25 4.3

P-A 283 so 20.5 5 1.8 63 22.3
LOW Slack I , I.

F-A 290 9 3.1 6 7.1 15 5.2
Max Flood 

I_2__ 
_3

Total 573 7 11.7.7 11 1.9 7 8 13.6

A plot of the cumulative percent recovery of fish
(Figure 3) shoved that acot reciraulation occurred
within approximately 84 hour@ (approxiumtely 6.7 tidal
cycles) follovtig release. These results suggeoted
that the 118.5 hour long (9.5 tidal cycles) monitoring
period vas adequate in duration.

A Collection eoficiency assessment was made at
Not X. 2 by releasing marked dead white perch within

each of the forebays for intake screens numbers 32
and 2S. Overall recove rateo averaged 94.34%
(Table 3), which was slightly lover than that for dead
striped bass (97.5%) released during the fall. 199
study. However, these results suggested that a high
percentage of the imbh that ontered the intake in a
passive state could be mpecpte4 to be recovered by the
Rtistroph screens. Acoo;rd l;ly, no adjustment for
o~llection efficiency appeared recOmam"ry.

3



603 4727052: tt S
- ý I - . - -1 ", -11 - I ff. :) r- .5 "V5

I q

1.A

.- A
M.EAON LOOWr I 01

Figuare 3. Cuamulative Percent Recovery of
Markemd whit* Perch Releamad at Two Leatic -on
at Indian Point Station, January 19933.

Table 3. Effiiency of Collection of bad White Perch
tree Zndian Point Unit a Znta~e Forebays,

Screen Nme Nme rA~
_ Xleased Recovered Recovery

E 2 120 ISO143 94.0

25 150o _, _,_1_2 94.7 _

The nuwbers of re•aptured white perch vore
sulbjected to contingency analyses (Soaka aM Rohif
1969) to Gtermine vhether recizculation was related to
the release location and tidal current stage. An error
rats of a - 0.05 was used in these analyses. When
recoveries of white perch were summed across the two
tide stagos ot release, the 3 x 2 contingency analysis
disOlosed significant site effect&s in the reciraulation
from P"-A arA 2-A (a = 32.61, d~f. = It a w 0.051
Critical G = 3.84; ýAps4i3) The diffeanoavcs in

cove rates froms tva sites vas due to
substantially more fish being rectirulated ta unit 2
Cron the low slack tide releass at site F-A relative to
the number recovered tram site 2-A. The number. of
fieh recovered frou the releases on the maximum f lood

.. 6
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tide were only slightly greater from site F-A relative
to those free site a-&.

The overall purpome of the evinte'-time fish
recirculation study was to dteramine vhether: 1) live
white perch would be transported passively -y currents;F
2) r*eAirculation rates vould be substantially different
between the sites F-A and 2-A; and 3) vhether vinter-
time recirculation rates would differ from those
observed during the fall 1191. Results indicated that:.
1) white purch were not entirely pssivei 2)
reairaulation rates were essentially Aimilar betveen
the two sites. other than for the almost imodiate
(within approzniately 2 houws of releae) recovery of
nearly 20% of the fish released on low slack tide stsit.e -A relative to leoa than It being reciroulated
within the same time interval (total recovery was 4.4%
after 119.5 hours) ftom then& released on the *am tife
at site 2-Al and 3) overall, the rates of recovery weresimilar to those. observ•r during the fall 2991
(Appndix A). If white perch had been entirely
paseLve, recovery rates should have reflected those for
4ye released at site 2-A, whicft were substantially
highor after the start of the re f amse when the ebb tiae
returned the dye past the intake& (Appedix C).
Apparently, the white porch were able to orient
thewelves such that they were not passively returned
to the Lntakee, with the exception of the release atlow slack tide at site 7-A.

The almost immediate and relatively high level ofreairculation from the low slack release at mite F-A
suggests that theme white perch were transported towardthe intake. These results differed froe those for
striped base in the fall 1991 in that none of the over1,0oo marked fish released on the low slack tide at
this site .were recirculated to the intake within twohours. One explanation for the high recirculation
during the present study may be the potential for the
direction of localised currents to be highly variable

2 Aqua*%90 In=. 1990. Hydrulic Stud of thi Hudron RFver. (5U. Con Ed and
NWA 19,0. Inm~an Point units 2 mwd 3 Rlstrph ScrMe Flab RMUM SyMStm Prtottype
Bveluatiae and Siting StUdy - Appendix AN.)
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Indian Point Units 2 and 3
RistroDh Screen Fish Return Systems

I. INTRODUCTION

In December, 1988, agreement was reached among the Parties

to proceed with the installation of Ristroph screens at all the

circulating water intake bays at Indian Point Units 2 and 3.

The Agreement stated, among other things, that the Indian Point

Utilities were to "consult and reach mutual agreement with

interested Parties on the design of fish and debris return

systems for the projects ... and conduct tests that may be

reasonably required to design those systems prior to install-

ation; such tests will be carried out as mutually agreed upon by

the interested parties, giving appropriate consideration to

their cost and potential fish protection benefits".

On March 15, 1989, an overall plan for the development and

evaluation of the Ristroph Screen Fish Recovery and Return

System for Indian Point Units 2 and 3 was reviewed with the

Settlement Parties. The plan included: evaluation of the

conduits for conveying fish back to the river; determination of

locations in the river from which recirculation to the intakes

would be reasonably low and; final evaluation of the fish

recovery components, including fish flaps and debris shields, on

the Ristroph screens.

Conceptual designs (Figure 1) for the three major components

of the conduits for the fish return systems were identified.

These included: 1) the fish collection sluice which is attached

- 1 -
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Ristroph Screen Fish Return Systems

Figure 1 Conceptual Layout of the Three Maj or Components

of a Flah Return System

RI at r oph Scr een

Fl ume
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Indian Point Units 2 and 3
Ristroph Screen Fish Return Systems

to the Ristroph screens; 2) the flume which conveys fish from

the collection sluice through a partially filled conduit to the

river level, and 3) the return pipe which connects with the

flume at the river water level and conveys fish to the point of

discharge away from the intakes.

A study plan for assessing the effects on fish of passage

through the system was outlined. The plan called for

construction of a prototype flume and return pipe system at the

Verplanck Quarry where the clear water would permit underwater

video observation of fish behavior and early assessment of

damage and mortality upon discharge into collection nets. The

fish collection sluice was to be tested at Indian Point after

the screens were installed.

Suitable locations for the terminus of each of the return

pipes in the river, tentatively established on the basis of

previous studies, were to be further evaluated by recirculation

studies using dyes or neutrally buoyant drifters to identify

areas where the probability of return of fish to the intakes

would be acceptably low.;

Based upon the collective comments of the Parties during and

subsequent to the March 15 meeting, final study plans were

revised and sent to the Parties by letter dated April 14, 1989.

This report summarizes results of the fish flume and return pipe

tests at the Verplanck Quarry, and the information used to
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select suitable locations for the fish and debris return systems

for the Indian Point Units 2 and 3 Ristroph screen

installations.

II. FISH aWO DEBRIS RETURN SYSTEMS

Fish return conduits serve to receive fish from recovery

systems and convey them to locations for release. In general,

Ristroph screen return systems have three major components

(collection sluice, flume and return pipe) as outlined earlier,

and are operated using water from the spray wash system, and, as

necessary, an auxiliary supply to augment fish and debris

transport. Principle design considerations for safe-guarding

fish during transport to a release location include:

" Cross-sectional forms (shape and dimensions) that

facilitate transport and minimize flow discontinuities that

could cause damage to fish, facilitate settlement of debris

or residency of fish.

" Water depth and flow velocities that minimize damage to

fish and prevent debris deposition.

o Discharge locations that result in acceptably low levels of

recirculation of fish and debris to intakes at reasonable

costs.

These and other considerations including protection of fish

from predatory birds; prevention of icing; and avoidance of
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abrasive-surfaced materials were applied. The flume and return

pipe studies at the Verplanck Quarry-evaluated the effects on

fish of return system length, discharge depth, operating flow

volume, and the presence of debris. Field studies at

Indian Point investigated return system discharge locations and

the likelihood of recirculation of fish to the intakes from

alternative sites.

III. EVALUATION OF RETURN SYSTFM DESIGRN

A. Partial-Scale System Design

Return system tests began with a partial-scale prototype

reflecting the conceptual flume and return pipe design proposed

for Indian Point Unit 2 (Figure 2) and encompassing the general

design features planned for Unit 3 (Figure 3). The partial-

scale system differed from the planned full-scale system in that

the return pipe was 6" in diameter, rather than the planned 12".

All other features, including conduit lengths, directional turns

and elevation changes reflected the projected full-scale system

design.

Testing with a partial-scale system was undertaken first to

preliminarily assess, as economically as possible, several basic

areas of uncertainty regarding the potential for damage to fish.

These included the effects on fish of: 1) water velocity at the

interface of the flume and the surface of the quarry, 2) pipe
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length, and 3) the effects of-pipe discharge depth. If these

preliminary tests indicated that the basic design was unaccep-

table, major changes could be made quickly and economically to

establish a suitable design. Once a partial-scale system was

proven to not impose significant damage, a more costly full-

scale prototype would be built and tested in greater detail.

A contract for construction and evaluation of the partial

and full-scale prototype fish return system components was

competitively bid and awarded to Normandeau Associates, Inc.,

Bedford, New Hampshire, and installation of the partial-scale

system began in August 1989. The system simulated the transfer

of fish from a screen collection sluice into a flume which

conveyed the fish to the return pipe for discharge at locations

up to 150' offshore and at water depths of up to 35'. The

length of the pipe reflected a preliminary estimate of the

distance offshore of the face of the intake (and the associated

approximate depth) to which a return line might have to extendý

to minimize the potential for recirculation of fish to the

intakes at Indian Point.

The partial-scale test flume and return pipe system

(Figure 4) included a water supply system and a 30" wide by 12'

long aluminum sluice for introduction of fish. The sluice was

positioned 19'4"' above the quarry level, the elevation of the

- 8 -



Indian Point Units 2 and 3
Ristroph Screen Fish Return system

Fi gure 4 Plan View of Ristroph Screen
Fl ume and PI pe Syst em at t he

Test
Ver pl

Fish Return
anck Quarry

Flabh ColIletllon

Not 
aI

Ver pl tack Gust r y

*I . - as,

Ret urn Pipe

Video Camera $I. O1

/

al . 15'

Sluice Transition
8ect I an

el . IS' 4'

Flab s1ulce

Water Supply
eox

- 9 -



Indian Point Units 2 and 3
RistroDh Screen Fish Return Systems

Ristroph'screen fish collection sluices above the river at mean

sea level. Quarry water was supplied to the return system

through gasoline-powered 4" diameter centrifugal pumps which

discharged into the bottom of the "sluice water supply box".

Water upwelled within the box and overflowed into the 30"

sluice. A gate system at the entrance of the sluice allowed the

creation of a hydraulic head that induced a flow velocity

sufficient to rapidly wash fish from the sluice into the

transition section. The rectangular flat-bottomed sluice was

rounded along its edges to form a 3" radius of curvature with

the sidewall. This form was intended to minimize the zone of

reduced flow velocity observed along the sides of the straight

sidewalled fish collection sluice installed on the test Ristroph

screen at Indian Point Unit 2. Low flow velocity allowed fish

to resist transport and caused debris to settle out. The sluice

was initially set with 0" pitch. The transition section between

the sluice-and the flume tapered within its 7.5' length from the

cross-sectional form of the 30" wide sluice to that of the 6"

diameter flume. Initially, the transition section was pitched

at 0.4" per foot (3" in 7.5') to accelerate sluice flow. With

this slope, a volume of 250 gpm could be accommodated at the

flume entrance. Higher volumes created a head of water

extending above the 6" diameter entrance to the flume. Later
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the pitch was increased to 0.8" per foot (6" in 7.5'),

increasing system flow capacity .to approximately 450gpm.

The flume and return pipe conduits were made from opaque PVC

pipe. However, two 10' long sections of clearPVC were

installed to observe flow conditions at specified areas,

including a segment immediately above the 15' elevation and a

segment immediately below the quarry level'interface. Pipe

connections were a mix of belled ends and couplings, which

provided smooth surfaces free of protrusions that could damage

fish or impede debris transport.

B. Partial-Scale System Tests

Test fish were obtained from a variety of sources, including

the Indian Point Unit 2 Ristroph screen (white perch), Verplanck

hatchery (striped bass), Hudson River fish survey trawling

(Atlantic tomcod), and local bait stores (alewife and golden

shiner). These fish were held in shallow pools into which

quarry water was circulated.

Tests were initiated by first attaching a 6' x 6' x 6' net

to the end of the return pipe (Figure 5) positioned to discharge

at either minus 1' or minus 35', depending on test objectives,

and then establishing a specified flow of water through the

system. The underwater video system was set to record the

discharge of fish (and debris if present) into the collection

net and their subsequent behavior and condition at' intervals up

- 11 -



Indian Point Units 2 and 3
Ristroph Screen Fish Return System

Fi gure 95 Fi sh

Support Line

I' z 6' x 6' Coil e tlIon Net

Return Syst em Col I ect i on Net

VItdeo Camera

Fi sh Ret urn Pi pe

- 12 -



Indian Point units 2 and 3
RistroDh Screen Fish Return Systems

into the holding net fish were fully oriented. Most fish

"sounded" to the bottom of the net and then began to leisurely

swim about, generally following the netting. None appeared to

be damaged.

Table 1

Fish Survival Test Conditions and Results

Partial-Scale System - Flume Only

Conditions:

Date:
Flow:
Debris:
Temperature:

10/10/89
245 gpm
None
7.0°C

Striped Bass Alewife
TN = 50 TN = 50
CN = 50 CN = 50

Vime_ A _

Hr 8 Test 50 0 0 50 0 0
Control 50 0 0 50 0 0

M-AdjR._.hP 0.0 0.0

TN = Number of test fish; CN = Number of control fish
A = Number of fish alive; D = Number of fish dead
S = Number of fish stunned or injured

Based upon the absence of aberrant behavior and damage among

test fish, it was decided that testing should proceed immedi-

ately to the projected worst case condition. This test was

1 Note: Adjusted mortality (%) is calculated using Abbotts' formula:
M-Adj = (P-C/I-C) x 100 where P = proportion of test fish dead or stunned, and
C = proportion of control fish dead or stunned. (Finney, 1964. Statistical Method
in Biological Assay. Hafner Publishing Company, New York)
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to 96 hours after release. The time between release of the fish

into the sluice and their discharge into the net was recorded.

Shortly after the last fish entered the net, the water flow was

halted, and the collection net was sealed from the return pipe

to prevent the escape of fish. Control fish were placed in a

net similar to the collection net suspended 11 below the quarry

surface. During tests of the effects of debris on fish, control

fish were not exposed to debris. Control fish were observed by

video on the same schedule as the test fish.

The condition and behavior of test and control fish were

observed at selected intervals (during and immediately after

discharge into the net, and after 8, 24, 48, 72, and 96 hours).

At the end of the retention period, all test and control fish

were removed from the cages and examined for damage and

mortality.

The initial tests were performed on October 10, 1989, and

addressed the question regarding the influence of the-air/water

interface on striped bass (a relatively hardy species) and

alewife (a relatively sensitive species) that were conveyed

through the flume directly into the collection net; no return

pipe was used. Water flow was approximately 245 gpm. Survival

among test and control fish for each species after an 8-hour

latent effects evaluation period was 100% (Table 1). Video

observation showed that within a few seconds after discharge
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designed to determine whether fish could be successfully

transported with debris through a) the 100' long flume, b) its

air/water interface with the quarry, and c) a 150' long return

pipe discharging at minus 35'. White perch (a relatively hardy

species), striped bass, alewife and golden shiner (a relatively

sensitive species) were tested. Several gallons of wet leaves

and eelgrass, which had been collected from the Indian Point

intake screens, were mixed with the fish in 10 gallons of water

and then released into the test sluice. The water flow rate

during this test was approximately 250 gpm, which provided a

2.8 fps discharge velocity into the collection net. Transport

times in seconds for fish and debris are listed in Table 2.

Table2

Transport Times in Seconds for Fish and Debris Through The
Partial-Scale (6" Diameter) Flume and Return Pipe System

Flow Transport
Pipe Discharge Rate Time (Seconds)

Date Diameter Length De]th .. P. A First Last Item

10/13/89 6" 150' 33' 250 59 80 Golden shiner

58 103 White perch

56 90 White perch

53 87. Striped bass

108 Eelgrass

111 Styrofoam cups

10/24/89 6" 150' i' 440 39 60 Alewife, golden
shiner
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During testing, water passage through the transition section

was observed. The flow appeared to accelerate uniformly and

converge toward the 6" diameter flume entrance without the

formation of turbulent hydraulic jumps. The flow into the flume

pipe was smooth and uniform. Some turbulence was noted at the

union of the transition section and the flume because of the

slight offset caused by the pipe flange. This condition did not

appear to impede fish or debris passage. No changes, other than

of pitch in the transition section, appeared to be necessary to

improve operations. Water passage through-the clear sections of

conduit disclosed that flows near the 15' elevation were swift

(calculated velocity: 8.0 fps), but relatively uniform (no

splashing, sloshing from side-to-side, or hydraulic jumps). The

water surface was relatively smooth and predictable in position.

Centerline depth appeared to be approximately 2". At the quarry

surface, flume water velocity was rapid (calculated velocity:

16.3 fps) and caused considerable entrainment of air into the

return pipe as the flow plunged beneath the level of the quarry.

Upward surges of water and air in the top half of the conduit

above the downward flow of water in the lower half occurred

periodically.

Observations of test and control fish condition at the end

of 8-, 24-, 48-, 72- and 96-hour evaluation periods are listed

in Table 3. Upon discharge, golden shiner and striped bass were

- 16 -



Indian Point Units 2 and 3
Ristronh Screen Fish Return Systems

well oriented within a few seconds and immediately swam to the

bottom of the net. White perch and alewife also quickly

oriented themselves and began swimming about the net without

sign of stress.

Table 3

Fish Survival Test Conditions and Results

Partial-Scale System

Conditions:

Date:
Return Pipe Length:
Return Pipe Depth:
Flow:
Debris:
Temperature:

10/13/89
150'
35'
250 gpm
5 gallons;
8.0 0 C

leaves, eelgrass

striped Golden
White Perch Bass Shiner Alewife
TN = 20 TN = 49 TN = 49 TN = 49
CN = 20 CN = 50 CN = 50 CN = 50

Time A D S A R S A 2 -4 D

Hr 8 T 19 1 0 49 0 0 49 0 0 46 1 2
C 18 2 0 50 0 0 50 0 0 50 0 0

Hr 24 T 18 2 0 49 0 0 49 0 0 46 1 2
C 18 2 0 50 0 0 50 0 0 50 0 0

M-Adjý;tu (%) 0.0 0.0 0.0 6.1

Hr 48 T 15 5 0 47 2 0 49 0 0 45 1 3
C 18 2 0 49 1 0 50 0 0 49 1 0

Hr 72 T 15 5 0 47 2 0 49 0 0 45 3 1
C is 2 0 49 1 0 50 0 0 49 1 0

Hr 96 T 15 5 0 47 2 0 48 1 0 42 7 0
C 16 4 0 48 2 0 48 2 0 43 7 0

M-AdJQ6.UP (%) 6.3 0.1 0.0 0.3

The adjusted mortality/morbidity rates for striped bass,

white perch and golden shiner were zero through 24 hours.
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Alewife mortality/morbidity was 6.1% initially and through

24 hours. After 96 hours, mortality/morbidity rates for these

four species ranged from 6.3% for white perch to zero for golden

shiner.

Testing was next performed on October 24,, 1989 at an

increased flow rate, 440 gpm. This discharge volume was

achieved by adjusting the pitch of the transition section from

0.4" per foot to 0.8" per foot to accelerate the flow and allow

its constriction from the approximately 45" square cross-

sectional area of its volume within the sluice (1-1/2" deep

x 30" wide) to the 28" square (cross-sectional area of the flume

pipe) without creating an entrance head depth greater than the

6" flume pipe diameter. Alewife and golden shiner were the test

species. The return pipe was suspended at the minus 1' depth

over its length of 150'. No debris was present.

Transport time (Table 2) for the first fish to be discharged

was 39 seconds; the last fish was discharged in 60 seconds

during this October 24, 1989 test. The calculated discharge

velocity for the,440 gpm flow through the 6" diameter return

pipe was 5.0 fps. Water flow through the clear section of flume

conduit above the 15' elevation appeared to be comparable,

except for a slight increase in depth to about =2-1/2"±,

relative to conditions at the 245 gpm rate. At the quarry water

interface, air entrainment appeared to be more intense at
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440 gpm than at 245 gpm and extended further into the return

pipe. A series of 1/2" diameter holes were drilled in the top

of the return pipe to allow air to escape, which effectively

reduced the tendency for the return pipe to be lifted by

entrapped air. Passage of floatable debris through this zone

appeared to be more rapid at the higher flow rate. Based on the

lack of evidence of damage, fish were not impaired by passage

through this turbulent zone.

Observations for latent effects after 8 hours and 24 hours

(Table 4) showed survival among the 50 test fish of each species

to be 100%. One alewife control fish appeared stunned, and one

golden shiner control fish was dead at the 8 hour mark. None of

the test fish showed signs of damage, including scale loss, that

could be attributed to transport through the flume and return

pipe system.
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Table 4

Fish Survival Test Conditions and Results

Partial-Scale System

Conditions:

Date:
Return Pipe Length:
Return Pipe Depth:
Flow:
Debris:
Temperature:

10/24/89
150'
1'
440 gpm
None
8.0 C

Alewife Golden Shiner
TN = 50 TN = 50
CN = 50 CN = 50

Tine __ __ S __ S

Hr 8 T 50 0 0 50 0 0
C 49 0 1 49 1 0

Hr 24 T 50 0 0 50 0 0
C 49 0 1 49 1 0

M-Adj,24l (%) 0.0 0.0

Mr. Edward Radle (NYSDEC) and Dr. Ian Fletcher (consultant

to HRFA, NRDC and Scenic Hudson) observed test facilities on

October 11, 1989, and on October 18 were briefed on the results

of the initial tests. Based on the minimal mortality (adjusted

for control fish mortality) of test fish over the range of

conditions tested (flume only, 150' return pipe with near-

surface discharge as well as a deep [minus 35'] discharge,

alternative operating water volumes and the presence of debris),

the proposed layout for the fish return system at Unit 2
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appeared to be acceptable. It was concluded that further

testing with the partial-scale system was not necessary and that

a full-scale system should be installed.

C. full-Scale System Design

The design for the full-scale system utilized through-pipe

discharge velocity data from the 6" partial-scale system (2.8 to

5.0 fps) plus the operating volume of 1,000 gpm of water

expected to be available for operation of the full-scale system

at Indian Point. In order to maintain a discharge velocity in

excess of 4 fps to minimize fish residency within the return

pipe and to facilitate debris transport, the diameter of the

prototype system was decreased from the initially estimated

diameter, 12", to 10". In addition, recognizing the uncertainty

about the ultimate required length of the return pipe when the

system was installed at Indian Point, the effect of conduit

length on fish transport was addressed by providing for tests of

the full-scale system with a return pipe length of 150' and

250'. Messrs. Radle and Fletcher informally concurred with

these design modifications.

The full-scale prototype return system consisted of the same

layout and general design features as the partial-scale system.

The flume and return pipe were fabricated from 10" diameter PVC

pipe. The sluice transition section, which was made from

aluminum, tapered from the 30"*rectangular form of the sluice to
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its 5" radius (10" diameter) discharge into the flume. The
/

transition was sloped at 0.8" per foot (6" drop) over its 7.5'

length. The flume extended from elevation 19'4" a distance of

100' to the quarry level (elevation 0'). The first 65' of the

flume were sloped at 0.75" per foot. The remaining 35' were

sloped at 5.5" per foot to the quarry surface, reflecting the

approximate projected site layout at Unit 2. The flume

contained two large-radius (Ž5 pipe diameters) 450 bends and one

similarly large-radius 900 bend. The return pipe was initially

set to be 150' in length and positioned to discharge at a depth

of minus 35'.. In contrast to the partial-scale system, the

full-scale system did not contain segments of conduit made from

clear materials.

The 10" return system was supplied water at 500 gpm or

1,000 gpm, depending on test requirements. Based on a tendency

for the return pipe to lift due to air entrainment when operated

at 1,000 gpm, a series of slots were cut in the return pipe

below the air/water interface to allow air to escape.

Observations disclosed that test fish were occasionally

discharged through the slots. The slots were subsequently

covered, and weights were attached to the return pipe to

successfully prevent entrained air from lifting it. At the

request of Dr. Fletcher, following a site visit in December, the

sluice width was increased to 36" and the length to 24'. The
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transition section was extended 1.5' to accommodate the increase

in sluice-width, and a 6' long 10" diameter round-bottom channel

plus a 4' long 10" wide round-bottom funnel section (Figure 6)

were added to more closely reflect the expected system design.

D. Full-Scale System Tests

In early December 1989, a series of 24-hour latent effects

assessments were made with the full-scale prototype system which

included the 150' return pipe positioned to discharge at

minus 35' below the surface. These initial full-scale system

tests were designed to determine the levels of damage and

mortality to fish conveyed through the return system without the

added influence of debris. Results would reflect the combined

effects of the transition section, the flume, the flow velocity

and turbulence through the quarry water interface, the transport

velocity through the return pipe and the discharge at the

minus 35' depth. The effects of debris were to be evaluated

later.
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On December 5, 1989, the initial test was performed with

golden shiner and white perch at a flow rate of 500 gpm. Water

flow through the transition section was uniform and without

excessive hydraulic jumps or turbulence. There was little

difference in conditions from those observed in the partial-

scale system. No changes in the design of the transition

section appeared necessary. Upon discharge into the collection

net, test fish were well'-oriented; most were discharged tail

first, indicating they were oriented upstream within the return

pipe. Survival among both test and control fish through the end

of the 24-hour latent effects evaluation period was 100%

(Table 5). Observations for latent effects at the 8-hour mark

were not performed because of insufficient natural light for

video system observation. Examination of the fish at the end of

the test disclosed that none appeared to have been damaged by

transport through the system. Discharge velocity was calculated

to be 2.0 fps for the 500 gpm flow rate. Transit times ranged

from 105 to 167 seconds (Table 6).

On December 11, 1989, golden shiner and white perch were

tested in the full-scale prototype system operated at a flow

rate of 1,000 gpm. Test fish were less oriented at discharge,

but quickly regained orientation and generally sounded to the

bottom of the net. Again, survival among test and control fish

after 24 hours was 100% (Table 7). All fish were examined for
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signs of damage at the conclusion of each test: none appeared to

have incurred any type of damage attributable to transport

through the return system. Discharge velocity was calculated to

be 4.1 fps. Transit times ranged from 40 to 160 seconds

(Table 6). Water temperatures during the tests ranged from 70C

to 80 C.

Table 5

Fish Survival Test Conditions and Results

Partial-Scale System

Conditions:

Date: 12/05/89
Return Pipe Length: 150'
Return Pipe Depth: 35'
Debris: None
Flow: 500 gpm
Temperature: 8.00
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Table 6

Transport Times in Seconds for Fish and Debris Through The
Prototvpe Full-Scale (10" Diameter) Flume and Return Pipe System

Flow Transport
Pipe Discharge Rate Time (Seconds)

Date Diameter Length =pt GPM First Last Item

12/05/89 10" 150' 35' 500 105 167 Golden Shiner
and White

_ _Perch

12/11/89 10" 150I' ' 1000 40 160 Golden Shiner
40 90 and White

Perch

12/19/89 10" 150' 1' 1000 38 75 ' At1 Tomcod and
36 80 White Perch

Table 7

Fish Survival Test Conditions and Results

Full-Scale System

Conditions:

Date:
Return Pipe Length:
Return Pipe Depth:
Flow:
Debris:
Temperature:

12/11/89
150'
35'
1,000 gpm
None
7.00

Golden Shiner White Perch
TN= 50 TN =50
CN = 50 CN 50

Tima A D S A _ S

Hr 8 T . . . . ..
_ _ _ _ C - - - - --

Hr 24 T 50 0 0 50 0 0
C 50 0 0 50 0 0

M-Adj ,.,r (%) 0.0 0.0
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On December 19, 1989, the tests were performed with Atlantic

tomcod (a relatively hardy species) and white perch. The 150'

return pipe was reset to discharge at a depth of minus 1'. The

only flow rate tested was 1,000 gpm; no debris was added. Upon

discharge into the collection net, the test fish became oriented

quickly and generally sounded, but soon began to swim along the

edges of the net. There were no discernible signs of damage or

mortality among the test fish. At the end of the 24-hour

observation period, Atlantic tomcod survival was 100%. Two of

the 49 white perch test fish found in the collection net at the

end of the latent effects observation period (one apparently

escaped) had died, while one of the 50 control white perch had

died for an adjusted mortality rate of 2.1% (Table 8). The

water temperature during these tests was 40C. Transit time

through the flume and return pipe operated with a water flow of

1,000 gpm ranged from 36 to 85 seconds.

- 28 -



Xndian Point Units 2 and 3
Ristro•h Screen Fish Return systems

Table 8

Fish Survival Test Conditions and Results

Full-Scale System

Conditions:

Date:
Return Pipe Length:
Return Pipe Depth:
Flow:
Debris:
Temperature:

12/19/89
150'

1,000 gpm
None
4.0 0 C

White Perch Atlantic Tomcod
TN = 50 TN = 50

-CN=50 CN= 50

Time _D~_Q A _ S

Hr 8 T - - - - - -

Hr 24 T* 47 2 0 50 0 0
C 49 1 0 50 0 0

M-Adj_.,r (%) 2.1 0.0

* One fish missing - presumed to have escaped from net.

On January 4 and 5, 1990, tests similar to those performed

in December with the 150' return pipe at the minus 35' depth

were performed to evaluate the effects on fish of being inter-

mixed with several gallons of debris. Flows on January 4th were

at 500 gpm while flows on January 5th were 1,000 gpm. Test fish

included golden shiner and white perch. Observations disclosed

that test white perch following discharge into the collection

net quickly re-oriented themselves, but then swam at an
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approximate 450 upward-oriented angle, and gathered near the

upper surface of the net. Also, they appeared to be constantly

moving. Control fish, which were released into a net suspended

in the minus 1' to minus 6' depth range, swam naturally or were

quiescent. Golden shiners displayed no apparent stress when

discharged at minus 35'. Latent mortalities at 24, 48, 72 and

96 hours are listed in Tables 9 and 10. Neither golden shiner

test fish nor control fish experienced any mortality throughout

the 96-hour latent effects observation periods for both flow.

tests. However, both white perch test and control fish

experienced much higher levels of mortality than had been

observed in the previous tests of a similar nature. General

protocols for controlled experiments dictate that if control

animals experience greater than 20% to 25% mortality, interpre-

tation of results will be constrained, and accordingly, the test

results should not be used.,
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Table 9

Fish Survival Test Condit•n•s and Results

Full-Scale System

Conditions:

Date:
Return Pipe Length:
Return Pipe Depth:
Flow:
Debris:
Temperature:

01/04/90
150'
35,
500 gpm
3 gallons;
1.0oC

leaves, eelgrass

White Perch Golden Shiner
TN = 44 TN = 23
CN = 26 CN = 24

Time_ A S A _Q S
Hr 8 T .. .. ..

Hr 24 T 38 6 0 23 0 0
C 24 2 0 24 0 0

Hr 48 T 31 13 0 23 0 0
C 20 6 0 24 0 0

M-Adj4A. __r % 8.4 0.0

Hr 72 T 24 20 0 23 0 0
C 18 8 0 24 0 0

Hr 96 T 3 41 0 23 0 0
C 13 13 0 24 0 0

M-Adj2..M% 86.4 0.0

- 31 -



Indian Point Units 2 and 3
RistroDh Screen Fish Return Systems

Table 10

Fish Survival Test Conditions and Results

Full-Scale System

Conditions:

Date:
Return Pipe Length:
Return Pipe Depth:
Flow:
Debris:
Temperature-:

01/05/90
150'
35!
1,000 gpm
3 gallons;
1.0 0 C

leaves, eelgrass

White Perch Golden Shiner
TN = 50 TN = 50
CN = 50 CN = 50

Hr 8 T - . .. . .

Hr 24 T 45 5 02 30 0 0
_ C 48 2 0 50 0 0

Hr 48 T 38 12 0 30 0 0
C 44 6 0 50 0 0

M-Adj•.-r %_ 13.6 0.0

Hr 72 T 31 19 0 30 0 0
C 43 7 0 50 0 0

Hr 96 T 12 38 0 30 0 0
C 38 12 0 50 0 0

M-Adjm.,_ % 44.4 0.0

The high level of mortality through 96 hours among control

fish in the tests at both flow rates suggested that the

mortality experienced by the test fish was not solely due to
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passage through the return system. At the termination of the

test, fish were examined for signs of damage. Both test and

control fish showed signs of hemorrhaging at the base of the

fins. No other signs of trauma were evident. The only

substantive difference in conditions during the January 4 and 5,

1990 tests relative to the December 5 and 11, 1989 tests were

that debris was present, and the water temperature was near 10C

(=60 to 70C lower than during the early December tests).

On January 10, 1990, the tests were repeated with these two

species at the 500 gpm and 1,000 gpm flow rates to determine if

debris contributed to the white perch mortality. White perch

latent mortalities adjusted for control fish mortality

(Tables 11 and 12) after 48 hours, the termination point of the

test, were even higher than they had been at 48 hours during the

January 4 and 5 tests with debris present (Tables 9 and 10).

Adjusted mortality rates without debris present were 78.5% in

the 500 gpm test and 31.2% in the 1,000 gpm test; they were 8.4%

and 13.6% for the 500 gpm and 1,000 gpm flows, respectively,

with debris present. Test fish responded similarly upon

discharge during the January 10 test as they did during the

January 4 and 5 tests. Evidence of hemorrhaging was present

among both white perch test and control fish. The water

temperature was approximately 1.50C. These mortality levels

among white perch indicated that debris was not the primary
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cause of mortality in the earlier test. Also, the fact that the

mortality during these mid-January tests occurred at flow rates

at which high survival had been achieved in earlier tests

(December 5 and 11, 1990) suggested that transport through the

system was not a principle causative agent either. Golden

shiner survival among test and control fish was again 100%.

Table 11

Fish Survival Test Conditions and Results

Full-Scale System

conditions:

Date:
Return Pipe Length:
Return Pipe Depth:
Flow:
Debris:
Temperature:

01/10/90
150'
35'
500 gpm
None
1.00C

White Perch Golden Shiner
TN = 41 TN = 34
CN = 50 CN = 50

Hr 8 T . . . . . .

Hr 24 T 35 6 0 34 0 0
C 49 1 0 50 0 0

Hr 48 T 8 33 0 34 0 0
C 45 5 0 50 0 0

M-Adj&R..NI % 78.3 0.0
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Table 12

Fish survival Test Conditions and Results

Full-Scale System

Conditions

Date:
Return Pipe Length:
Return Pipe Depth:
Flow:
Debris:
Temperature:

01/10/90
150'
35"
1000 gpm
None
1.0 0 C

White Perch Golden Shiner
TN = 38 TN = 26
CN = 50 CN = 50

Hr 8 T - - - - - -
C 6 4 5 0 0-

Hr 24 T 29 9 0 26 0 0
______ C 46 4 0 50 0 0

Hr 48 T 23 15 0 25 1 0
C 44 6 0 50 0 0

M-Adj1 .,r % 31.2 3.8

The peculiar upward angle orientation of the test fish

entrapped in the collection net suspended at the minus 351 depth

compared to the naturally oriented control fish contained in the

"net suspended in surface waters, and the accumulation of the

test fish at the top of the collection net while control fish in

surface waters showed no such inclination, suggested that the

white perch were stressed by the confinement at the 35' depth.
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The fact that this behavior had not occurred during earlier

tests suggested that temperature was a factor in inducing this

condition. Water temperatures during these tests were near 10

to 1.5oC, while during the early December tests they were near

70 to 80C.

On January 18, 1990, these tests were repeated again with

golden shiner and white perch. However, following collection at

the minus 35' depth, the net was raised to the surface strata

for observation for 24 hours. Golden shiner test fish survival

under the two flow conditions was 100%. Although white perch

displayed the symptoms of apparent stress (e.g., upward

swimming) due to the 35' depth following collection, once the

net was raised to the surface, their behavior changed to that

comparable to the control fish. Mortality at the end of the 24-

hour latent effects assessment period, adjusted for control fish

mortality, was 0% (Tables 13 and 14), in contrast to 24-hour

adjusted mortality rates of 6% to 17% during the tests on

January 4, 5, and 10, when the collection net was kept at

minus 35, as summarized in Table 15.
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Table 13

Fish Survival Test Conditions and Results

Full-Scale System

Conditions:

Date:
Return Pipe Length:
Return Pipe Depth:
Flow:
Debris:
Temperature:

01/18/90
150'
35,
500 gpm
None
1.50C
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Table 1

Fish Survival Test Conditions and Results

Full-Scale System

Conditions:

Date:
Return Pipe
Return Pipe
Flow:

I

Length:
Depth:

01/18/90
150'
35'
1,000 gpm
None
1.56C

Debris:
Temperature:

White Perch Golden Shiner
TN = 50 TN = 50
CN = 50 CN = 50

TiMe ___ __ D S __ _

Hr 8 T ...

Hr 24 T 46 4 0 49 0 0
C 44 6 0 49_1 0

M-Adj24..E M% 0.0 0.0
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Table 15

White Perch 24-Hour Latent Mortality Rates

150' Return Pipe - 35' DeDth

nwiraltfnns 7A Rniwra

Test Date __ N A D S

01/04/90 T 44 38 6 0
5(500 gpm) C 26 24 2 0

Left at 35' M-adj,,_r (%) 6.4

01/05/90 T 50 45 5 0
(1,000 gpm) C 50 48 2 0

Left at 35' M-adj,. (%) 6.2

01/10/90, T 41 35 6 0
(500 gpm) C 50 49 1 0

Left at 35' M-adj,,., (%) 12.9

01/10/90 T 38 29 9 0
(1,000 gpm) C 50 46 4

Left at 35' M-adJ2•.r (%) 17.0

01/18/90 T 50 45 5 0
(500 gpm) C 50 44 6 0

Raised to -1' M-adj,.,. (%) 0.0

01/18/90 T 50 46 4 0
(1,000 gpm) C 50 44 6 0

Raised to -1' M-adJ (%) 0.0

V

On January 18, 1990, testing was also performed with the

return pipe shortened to a length of 30' with the discharge

positioned at a depth of 1'. This test was performed to deter-

mine whether transport through the air/quarry water interface

within the flume was contributing to the mortality observed
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among white perch collected at the minus 35' depth. The flow

rate during this test was 700 gpm; no debris was added. The

flow velocity at the entrance to the quarry was calculated to be

20.0 fps, which was comparable to that for flows of 500 gpm

(18.2 fps) and 1,000 gpm (22.2 fps). The water temperature was

1.5 0 C. At the end of the 24-hour latent effects observation

.period, the mortality among test fish adjusted for control fish

mortality was 0% (Table 16) which suggested that the turbulence

present at'the flume/quarry water interface was not a causative

factor in the mortality observed during the early-January tests.

Table 16

Fish Survival Test Conditions and Results

Full-Scale System

Conditions:

Date:
Return Pipe Length:
Return Pipe Depth:
Flow:
Debris:
Temperature:

01/18/90
30'
1I
700 gpm
None
1.50C

White Perch
TN = 50
CN = 50

Time 2 _____

Hr 8 T - -

C - -

Hr 24 T 44 6 0
C 44 6 0

M-Adjz4-ur % 0.0
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On January 23, 1990, white perch test fish were placed

directly into a collection net at the quarry surface. The net

was then lowered to the minus 35' depth. The water temperature

was approximately 3.0 0 C. Upon reaching the minus 35' depth, the

test fish began swimming upward toward the top of the net,

suggesting behavior comparable to that of fish discharged

through the return system positioned at minus 35' when water

temperatures were 10 to 1.50C. After an 18-hour latent effects

observation period, 4 of the 50 (8%) test fish had died

(Table 17). Because of the scarcity of white perch, control

fish, which were to be held in a net at the surface, were

unavailable. As a result, attribution of these mortalities to

retention at minus 35' as opposed to say, handling mortality,

would be tenuous. However, the behavioral response suggests

that entrapment at that depth was stressful, and that the cause

of the white perch mortality during the early January tests was

related to entrapment at the minus 35' depth to which they could

not readily acclimate, apparently because of the cold water

temperatures.

For comparative purposes, 50 previously used white perch

were placed in another cage that was lowered to the minus 35'

depth. An additional 22 previously used white perch were held

in a net near the quarry surface as controls. Previously used

fish held at minus 35' displayed behavior comparable to that of
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Table 17

Control Fish Survival Test When Lowered to -35'

conditions:

Date: 01/23/90
Debris: None
Temperature: 3.0OC

White Perch White Perch
Unused Used
TN=50 TN = 50
CN =0 CN = 22

Time _ D A D

Hr 18 T 46 4 - 12 38C - - - 13 9 -

Mortality (%) 8.0 59.4
Unadjusted

unused fish held at the same depth. By the end of the 18 hour

latent effects observation interval, 38 of the 50 (.76%)

previously used fish that were held at the minus 35' depth had

died, while 9 of 22 (40.9%) previously used control fish held at

the surface had succumbed (Table 17; used fish adjusted

mortality = 59.4%). As noted above, general protocol suggests

that the results of tests in which the previously used control

fish mortality is excessive (greater than 20% to 25%) should not

be used in analyses. It appears worthy to note, however, that

proportionally, nearly twice as many of the previously used fish

held at minus 35' died as did'those held near the surface.
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A series of tests were performed with a 250' return pipe

positioned to discharge at minus 35' during the period

January 19 to February 2, 1990. Tests were performed at 500 and

1,000 gpm both with and without debris present. After fish

collections at minus 35', the test cage was raised and held at

the minus 1' depth. Water temperatures ranged from 1.56C to

40C. Test fish included white perch, golden shiner and Atlantic

tomcod. Golden shiner survival through the 96 and 120 hour

latent effects observation periods was 100% (Tables 18-21).

Atlantic tomcod survival after 96 hours was 100% at 500 gpm; at

1,000 gpm, mortality was 2.6% (Tables 22 and 23). White perch

test, as well as control, fish mortalities were high (Tables 24-

27), which suggested that the fish were stressed before testing

began. Again, protocol dictates that since control fish

mortality exceeded 20%, the test results should be discarded.

However, it is interesting to note that mortality levels among

test as well as control fish at succeeding latent effects

observation periods were comparable. This suggested that the

test conditions did not affect the levels of mortality observed

among test fish.
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Fish Survival Test Conditions and Results

Full-Scale System

Date:
Return Pipe Length:
Return Pipe Depth:
Flow:
Debris:
Temperature:

01/19/90
250'
35'
500 gpm
None
1.50C

Golden Shiner
TN = 50
CN = 50

TimeA _

Hr 8 T - - -
_ _ _ _C i - -

Hr 24 T 50 0 0
C 50 0 0

Hr 48 T 50 0 0
C 50 0 0

Hr 72 T 50 0. 0
C 50 0 0

Hr 96 T 50 0 0
C 50 0 0O

M-Adjau -% 0.0
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Table 19

Fish Survival Test Conditions and Results

Full-Scale System

Conditions:

Date:
Return Pipe Length:
Return Pipe Depth:
Flow:
Debris:
Temperature:

01/19/90
250'
35'
1,000 gpm
None
1.5 0 C

Golden Shiner
TN = 50
CN = 50

Time A D S

Hr .T - -
_ _ _ _C - -

Hr 24 T 50 0 0
C 50 0 0'

Hr 48 T 50 0 0
C 50 0 0

Hr 72 T 50 0 0
C 50 0 0

Hr 96 T 50 0 0
C 50 0 0

M-Adj 9&. 0.0
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Table 20

Fish Survival Test Conditions and Results

Full-Scale System

Conditions:

Date:
Return Pipe Length:
Return Pipe Depth:
Flow:
Debris:
Temperature:

01/24/90
250'
35'
500 gpm
3 gallons; leaves
4.00C

Golden Shiner
TN = 48

_ _CN = 50

Hr 8 T - -

Hr 24 T 48 0 0
C 50 0 0

Hr 48, T 48 0 0
C 50 0 0

Hr 72 T 48 0 0
C 50 0 0

Hr 96 T 48 0 0
C 50 0 0

Hr 120 T 48 0 0
c 50 0 0

M-AdJlf%..r-1 0.0
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Table 21

Fish Survival'Test Conditions and Results

Full-Scale System

C!Qndiions-

Date:
Return Pipe Length:
Return Pipe Depth:
Flow:
Debris:
Temperature:

01/24/90
250'
35,

1,000 gpm
3 gallons; leaves
4.0oC

Golden Shiner
TN = 50
CN = 50

Time D S

Hr 8 T - - -
_ _ _ _C - - -

Hr 24 T 50 0 0
C 50 0 0

Hr 48 T 50 0 0
C 50 0 0

Hr 72 T 50 0 0
C 50 0 0

Hr 96 T 50 0 0
C 50 0 0

Hr 120 T 49 1 0
C 50 0 0

M-Adjl,•n-H % 2.0 0
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Table 22

Fish Survival Test Conditions and Results

Full-Scale System

Conditions:

Date:
Return Pipe Length:
Return Pipe Depth:
Flow:
Debris:
Temperature:

01/29/90
250'
35'
500 gpm
3 gallons; leaves
3.0°C

Atlantic Tomcod
TN = 40
CN = 40

Hr 8 T - - -C - - -

Hr 24 T 39 1 0
C 40 0 0

Hr 48 T 39 1 0
C 40 0 0

Hr 72 T 39 1 0
C 39 1 0

Hr 96 T 39 1 0
C 39 1 0

M-Adj &.Nr I__1_ 0.0

- 48 -



Indian Point units 2 and 3
RistroDh Screen Fish Return Systems

Table 23

Fish Survival Test Conditions and Results

Full-Scale System

Conditions:

Date:
Return Pipe Length:
Return Pipe Depth:
Flow:
Debris:
Temperature:

01/29/90
250'
35'
1,000 gpm
None
3.0eC

Atlantic Tomcod
TN = 40
CN = 40

Time D S

Hr 8 T - -

C - -

Hr 24 T 40 0 0
C 40 0 0

Hr 48 T 39 1 0
C 40 0 0

Hr 72 T 39 1 0
C 39 1 0

Hr 96 T 38 2 0
C 39 1 0

M-Adjq&._r __I % 2.6
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Fish Survival Test Conditions and Results

Full-Scale System

Conditions:

Date:
Return Pipe Length:
Return Pipe Depth:
Flow:
Debris:
Temperature:

01/19/90
2501
35'
500 gpm
None
1.5 0 C

White Perch
TN = 50
CN = 50

Time A D S

Hr 8 T - - -

Hr 24 T 45 5 0
C 45 5 0

Hr 48 T 42 8 0
C 42 8 0

Hr 72 T 36 14 0
C 35 15 0

Hr 96 T 30 20 0
C 26 24 0

-Adj_ .r _% I0.0
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Table 25

Fish Survival Test Conditions and Results

Full-Scale System

Conditions:

Date:
Return Pipe Length:
Return Pipe Depth:
Flow:
Debris:
Temperature:

01/19/90
250'
35'
1,000 gpm
None
1.50C

White Perch
TN = 50
CN = 50

Time A D

Hr 8 T - - -

C - -

Hr 24 T 44 6 0
C' 45 5 0

Hr 48 T 41 9 0
C 42 8 0

Hr 72 T 34 16 0
C 35 15 0

Hr 96 T 26 24 0
C 26 24 0

M-AdjgA.r % 0.0
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Table 26

Fish Survival Test Conditions and Results

Full-Scale System

Conditions:

Date:
Return Pipe Length:
Return Pipe Depth:
'Flow:
Debris:
Temperature:

01/24/90
250'
35'
500 gpm
3 gallons; leaves
4.0OC

White Perch
TN =50
CN = 50

__ _ __ _D _S

Hr 8 T - - -
_ _ _ _C -i-, -

Hr24 T 47 3 0
C 36 14 0

Hr 48 T 44 6 0
C 31 18, 0

Hr 72 T 41 9 0
C 29 21 0

Hr 96 T 39 11 0
C 26 11 0

Hr 120 T 39 11 0
C 26 24 0

M-Adj,•-. r 1 0.0
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Table 27

Fish Survival Test Conditions and Results

Full-Scale System

Conditions:

Date:
Return Pipe Length:
Return Pipe Depth:
Flow:
Debris:
Temperature:

01/24/90
250'
35'
1,000 gpm
3 gallons; leaves
4.0°C

White Perch
TN = 50
CK = 50

Time . _

Hr 8 T - -

C - -

Hr 24 T 35 15 0
C 36 14 0

Hr 48 T 39 21 0
C 31 19 0

Hr 72 T 31 19 0
C 29 21 0

Hr 96 T 28 22 0
C 26 24 0

Hr 120 T 25 25 0
C 26 24 0

M-Adj __2_Hr % 3.0
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E. Conclusions

Results of tests with both the partial-scale system and the

full-scale system for the various combination of factors,

including return pipe length, operating water flow rates, and

debris, suggest the following:

I. Fish survival did not appear to be influenced by the

design of the sluice to flume transition section nor to

the diameter of the return system conduit.

2. Fish survival did not appear to be influenced by the

return pipe length up to 250'.

3. Fish survival did not appear to be influenced by the

water flow volume, which ranged from 245 gpm to

1,000 gpm, nor to flow discharge' velocity, which ranged

from 2 fps to 5 fps.

4. Fish survival did not appear to be compromised by the

presence of debris in the return system water.

5. With the exception of white perch at winter-time low

water temperatures, fish survival did not appear to be

influenced by discharge depth up to minus 35'.

Observations of white perch during the January 1990

tests suggested that the artificial retention of test

fish within collection nets at minus 35', when they had

acclimated to shallow water conditions, was detrimental.

When test fish collected at the 35' depth were raised in
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the collection net to the near-surface depth, their

behavior changed to that comparable to both control fish

and other test species discharged at that depth. Also,

when control fish were lowered to a depth of minus 35',

they displayed behavior comparable to that of the test

fish discharged at that depth. In natural conditions,

fish collected by the Ristroph screens would be held in

shallow water (=4"±) for less than about 15 minutes and

thus would not be expected to become acclimated to

shallow water depths nor would they be restrained to a

specific depth when released at minus 351. They would

be able to select the depth of their choice. Accor-

dingly, it is unlikely that fish returned under

operating conditions would experience the levels of

mortality observed during these tests.

6. The design concept for the fish sluice transition

section, the flume, including installation slopes, and

the return pipe, including placement of the discharge at

minus 35', and operating flow rates up to 1,000 gpm that

were tested at the Verplanck Quarry appear suitable for

application in Ristroph screen fish return systems at

Indian Point Units 2 and 3.
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IV. RETURN SYSTEM SITING PROGRAM

A. Introduction

The purpose of a fish return system is to convey fish to a

location within a source water from which there is little like-

lihood that they will reappear among the intake water

screenings. Bases for the reappearance of returned fish could

be either by their own behavior or by transport via intake water

currents. Since understandings of behavioral bases for the

appearance of fish at water intakes are vague, and, as a

consequence, not exploitable for exclusion purposes, the

principal basis for siting a return system discharge remains a

knowledge of the extent of the volumetric zone from which water

is withdrawn. However, the boundaries of withdrawal zones may

vary, particularly with changes in the tide, and in volumes of

water pumped, as occurs at Indian Point. Conceptually,

placement of the return system discharge at the outer limit

would eliminate the probability that a fish would be passively

drawn back to the intakes and, assuming that no other

environmental factors compromise the safe release of fish at

this location, provide a balance between the fish protective

benefits of the Ristroph screen system, and its costs. 2

2 The Agreement for installation of Ristroph screen systems at Indian Point

Units 2 and 3 requires, for cost control purposes, that, to the extent practicable,
competitive bids be obtained for equipment and installation contracts and that
studies to design the fish return systems consider the costs and environmental bene-
fits to be obtained. A logical extension of these principles suggests that the fish
return system should represent a balance between costs and benefits.
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Placement of the return system discharge further from the intake

might reduce the probability that a fish would actively swim

back into the vicinity of the intakes, but at a higher cost, and

conversely, a discharge closer to the intake would generally

reduce its cost, but might increase the risk of return to the

intakes.

However, extension of the line to the maximum extent of the

withdrawal zone might be based on worst case conditions that are

relatively short in duration (slack tide) or occur when

relatively few fish would be susceptible to recirculation (low

impingement period). 'For example, at Indian Point, nearly 70%

of the total annual impingement occurs during the period of the

year when circulating water pumping rates are at 60%

(504,000 gpm) of full flow (840,000 gpm) per unit (Table 28).

Table 28

Approximated Circulating Water Flow Rates
For Indian Point Units 2 And 3

Flow Rate Seasonal Distribution
Time Period (GPM) of Impingement (%)

November 1 - December 31 504,000 20.6

January 1 - May 15 504,000 48.2

May 16 - May 22 560,000 4.0

May 23 - May 31 672,000 7.2

June 1 - June 8 731,000 0.4

June 9- September 30 840,000 14.1

October 1 - October 31 731,000 5.5
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Only 14% of the annual numbers of fish impinged are collected

when the pumping rates are at the maximum (Table 28). It is at

low winter temperatures when flows are minimal that passive

recirculation of fish to intakes is most likely to occur. These,

factors should be considered in evaluating alternative locations

for fish return system discharges for Indian Point Units 2

and 3..

3. Zone of Water Withdrawal at Indian Point

Cooling water withdrawal zones at the Indian Point

Generating Station have been the subject of several studies, and,

much of this information is relevant to the question of where to

locate the end of the fish return pipe so that fish are not

passively recirculated back to the intakes.

The following studies are particularly helpful in resolving

the question of where to locate the ends of the return pipes.

Alden Research Laboratories, using a 1/75 scale physical

hydraulic model, described ebb tide streamlines into the intakes

when Units 1 and 2 were operating at full circulating water flow

rates (Neale, 1973). LaSalle Hydraulic Laboratory, Ltd., using

a 1/84 scale physical hydraulic model, described the withdrawal

zone, velocity patterns and recirculation for flood, ebb and

slack tide conditions when Units 1, 2, and 3 were in full

circulating water flow operation at the Indian Point Generating

Station (Parkinson and Goulet, 1976).

- 58 -



Indian Point Units 2 and 3
Ristroph Screen Fish Return Systems

Neale (1973) determined that with an ebb tide current of

1.4 fps and an intake withdrawal rate of 1,162,000 gpm,

(comparable to the reduced flow rate of both units combined,

1,080,000 gpm), the Unit 2 zone of withdrawal extended from the

intake approximately 100' offshore at the surface to about 140'

offshore near the bottom. These distances reflect the position

at which flow streamlines cross the proposed return line route,

which is approximately 145' upstream from the centerline of the

intake (Figures 7 and 8). When the ebb current speed decreased

to 0.5 fps, the withdrawal zone for Unit 2 expanded riverward of

the face of the intake to about 190' at the surface and to about

165' near the bottom (Figures 9 and 10).

The LaSalle study (Parkinson and Goulet, 1976) described

tidal effects more extensively than the Alden study. Their

studies were performed for Units 1, 2 and 3 operating at a

combined water intake withdrawal rate of 2,100,000 gpin, which is

25% greater than the full flow pumping rate (1,680,000 gpm)*for

Units 2 and 3. The withdrawal zone was found to be a band along

the eastern shore that, at approximately 145' upstream of the

intake centerline, extended offshore of the face of the intake

from about 150' during maximum ebb tide to about 175' during

average ebb tide (Figures 11 and 12).
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FI GURE 7 Indian Point Units 1 and 2 Intake Water Withdrawal Zone Study

Surface Flow Net at 1.4FPS Ebb Tide
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FIGURE 8 Indian Point -Unit A and 2 1ntake Water NWIhdrawal Zone Study

Bottom FIow Net at 1.4 FPS Ebb Tide
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FI GURE I I u•das Pol. t UhItsa 1 and 2 Ifitako Waterf W Ithdisa l Zons St tdy

Surfrace. Flow Not at 0. 5 FPS Ebb Tideo

FLOW RATE (MODEL):
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FIG URE t0 Indlan Poi at Uni ts I and 2 Intake Water Withdrawal Zone Study

Be ItI-an FIow Net at 0. 5 FPS Ebb TI de

UNIT 1:

UNIT 2:

TOTAL

292,000 6PM

4153.000 GPM

DEPTH, FT
26VELOCITY, FPS

1.5 1.0 0.5

Source: Al den Resoue ch Laboratory

Neal *, 1173

- 63 -



Indian Point Units 2 and 3
Ristroph screen Fish ReturnSystems

During the flood tide, at the same withdrawal rate, the

interaction between the outward flowing cooling water effluent

from the station, the upstream (northward) flowing tidal current

and the inward flowing intake water created a large oval-shaped

eddy in front of the station. As a result, the zone of

withdrawal was actually from north of the intakes even though

the source of the water was from downstream of the station. The

zone of withdrawal, as measured at approximately 145' north of

the station, was about 120' wide during maximum flood and about

150' wide during average flood tide (Figures 13 and 14).

During slack tide, the withdrawal zone extended nearly 200'

offshore but mostly upstream from the intakes since the effluent

discharge cut off the inflow of water from downstream

(Figure 15).

Parkinson and Goulet's (1976) composite illustration of the

distribution of cooling water supply (Figure 16) suggested the

predominant flow of water to the intakes at Units 2 and 3 was

from a zone extending approximately 170' offshore of the intake

and near the region of the 40' depth contour as measured at

about 145' north of the station (Figure 16). Based on the

results from these two model studies, a fish return line located

approximately 175' to 200' offshore of the Unit 2 intake would

appear to provide the "balance" of minimal potential return of

fish with minimal return line length (Table 29). Although the
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withdrawal zone at Unit 3 extends a similar distance offshore

northward of the intake, southward of the intake, no withdrawal

zone could be defined. At Unit 3, a return line located

generally south of the intake would appear to be outside of the

immediate zone of withdrawal.
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Figure 11 Hudson River Zone Supplying Water and Receiving
Cooling Water at the Indian Point Station

During Maximum Ebb Tide (Tidal Discharge - 350,000 CFS)

" q":- !- . . --. - • ., . ..... .. .. .- ,.............................-----.......

. - _ ----.. -
-D

500

20a

• :• - .
--- • .

M G 
.. " . •.

- ......... . D , --S ..A. .. " ,_

C ATES Z

C"OUT.ET STRVICTWC
LEGEND

Source: LaSalle ilydraulic Laboratory'
SParldnson and Goulet, 1976. .. Flaw dirm=liOn

.. Limit of -zone receiving hot water discharge

. ;imit of Zone Supplying coolIng water dtiChOrge

- 66 -



Indian Point Units 2 and 3
Ristropih Screen Fish Return Systems

Figure 12 Hudson River Zone Supplying Water and Receiving
Cooling Water at the Indian Point Station
During Average Ebb Tide (Tidal Discharge - 210,000 CFS)
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Figure 13 Hudson River Zone Supplying Water and Receiving

Cooling Water at the Indian Point Station
During Maximum Flood Tide (Tidal Discharge - 300,000 CFS)

Source: LaSalle y3draulic Laboratory

Pea1kin•on and Coulet, 1975.
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Figure 14 Hudson River Zone Supplying Water and Receiving
Cooling Water at the Indian Point Station
During Average Flood Tide (Tidal Discharge - 180,000 CFS)
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Figui-e 15 Hudson River Zone Supplying. Water and Receiving

-ICooling Water at the Indian Point Station During Slack Water
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Figure 16 Distribution of Cooling Water Supply
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Table 29

Indian Point Hydraulic Model-Projected
Water Withdrawal Streamline Limits at a

Westerly-Oriented Transect 145' North of the Unit 2 Intake

Distance (Ft) Off The Intake

Tide
Withdrawal Tide Velocity
Rate (GPM) Staqe (FPS) Surface Bottom Source

1,162,000 Ebb 0.5 190 165 Neale (1973)

Ebb 1.4 100 140 "

2,100,000 Ebb 1.7 175 - Parkinson and
Goulet (1976)

Ebb 2.4 150 -

Flood 1.1 150 -

Flood 2.0 120 -

Slack - 200 -

Composite - 170 - "

C. Dye Release Recirculation Studies

With the concurrence of the Parties, we agreed to further

evaluate the recirculation potential from return line discharges

situated offshore of Units 2 and 3 using either dyes or neutral

density drifters. Through competitive bidding, a contract was

issued to Aquatec, Inc., to determine the potential for dye

transport to the intakes from discharges along two transects.

One transect was located 145' north of the center of.the Unit 2

intake and extended 210' out into the river from the shoreline

(185' offshore of the face of the intake). The other was
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Figure 17 Indian Point Station Ristroph Screen System
Proposed Fish Return Pipe Discharge Locations
For Dye Recirculation Rate Evaluations
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located south of the Unit 3 intake at the northwest corner of

the common discharge canal and extended 160' out into the river,

230' offshore of the intake (Figure 17). Dye releases were made

at various points along each of these two proposed routes to

determine the probability that passively drifting, neutrally

buoyant fish, released at the points, would be carried to the

intakes by natural and induced water currents.

Four points along the Unit 2 transect and five points along

the Unit 3 transect were studied. The points along the Unit 2

transect were located 60', 110', 160' and 210' from shore at low

slack. The points along the Unit 3 transect were located at 0',

10', 60' 110', and 160' from the northwest corner of the

discharge canal. An additional point identified as the

"Alternate" point was located 75,' south of the end of the

discharge canal, along the line defined by the outer wall of the

canal.

A solution of Rhodamine WT fluorescent dye was released from

each of several points along each transect at a constant rate

for a duration of one complete tidal cycle. All releases were

initiated at the beginning of low slack. Each release cycle was

preceded by and followed by at least one complete tidal cycle

during which no dye was released. Readings of fluorescence in

intake water during preceding tidal cycles provided background
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fluorescence levels for adjustment of levels observed during dye

release tidal cycles.

All dye was released 5' above the bottom of the river, the

anticipated location of return pipe discharge points relative to

the river bed. Fluorescence and temperature were measured

continuously at each unit's discharge and digitally recorded at

a rate of once per minute.

To determine the influence of intake water pumping rates on

the probability of return from each point, dye releases were

performed at both summer and winter withdrawal rates. During

the Phase I releases (full circulating water pumping rates), the

cooling water withdrawal at each unit was 840,000 gpm. During

the Phase II releases (reduced flow circulating water pumping

rates), the cooling water withdrawal at Unit 3 was 504,000 gpm

and that at Unit 2 varied from 336,000 to 504,000 gpm. (The

overall average withdrawal rate at Unit 2 was 449,000 gpm).

During Phase I, the service water flow was 30,000 gpm at each

unit. During Phase II, it was 30,000 gpm at Unit 3 and

15,000 gpm at Unit 2.

The estimate of the cumulative return rate of dye to the

intakes was defined as the mass of all dye returned to the

intake through a time interval relative to the quantity of dye

released through that time interval. Cumulative return rates

were adjusted for background fluorescence.

- 75 -



Indian Point Units 2 and 3
RistroDh Screen Fish Return Systems

1. Dye Releases at Unit 2

Results showed that at the full flow circulating water

pumping rate (Phase I), the overall cumulative recovery rate of

dye at the Unit 2 intake through one tidal cycle (13 hours) was

uniformly high from the Unit 2 release points at 60' and 110'

(82% and 78%, respectively) offshore, but decreased to 54% at

the 160' and 31% (11 hour value) at the 210' release points

(Table 30). The extended recovery rates after 26 hours, which

included the tidal cycle following termination of dye release at

the end of the preceding cycle during Phase I, were approx-

imately seven to twelve percentage points higher than recovery

rates through 13 hours (Table 30).

Table 30

Probability of Return to Unit 2 from
Proposed Unit 2 Fish Return Line Discharge Locations

Unit 2 Phase I Cumulative Return Rate (%)
Release Hour of Tidal Cycle. Beainning at Low Slack Water
Location 1 2 3 4 5 6 7 8 9 10 11 12 13 26

60' 80 98 98 74 59 55 66 73 77 81 84 85 82 94

110' 92 104 89 67 53 45 47 62 69 75 80 83 78 86

160' 75 86 82 62 49 41 35 36 40 46 49 54 54 61

210' 0 0 18 16 13 11 11 17 29 33 31 - - 43
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Unit 2 Phase II Cumulative Return Rate (%)
Release Hour of Tidal Cycle. Becinnina at Low Slack Water
Location 1 2 -3 4 5 6 7 8 9 10 11 12 13 26

60, 23 40 45 35 29 24 21 24 39 46 50 53 53 52

110' 39 44 48 41 37 31 26 23 30 36 40 43 43 46

160' 31 39 36 31 25 21 18 25 28 35 39 43 42 44

210' 5 25 29 23 19 16 14 15 15 14 13 15 14 13

At the reduced pumping rate (Phase II), the cumulative

recovery rate at Unit 2 through one tidal cycle was relatively

uniform (e.g., 53%, 43%, and 42%, respectively), from the 60',

110', and 160' release points but was substantially lower, 14%,

from the 210' release point (Table 30). The extended recovery

through 26 hours during Phase II studies, in contrast to Phase I

results, was virtually unchanged relative to cumulative levels

recovered through one tidal cycle (Table 30).

The cumulative return rate data also indicated that return

rates varied with tidal stage. Under full flow circulator

pumping rate conditions, a greater recovery rate occurred from

the 210' release location during the ebb tide than during the

flood tide. From hours 1 through 6 of the tide cycle, the

presumed duration of flood tide, the recovery rate ranged from

zero during the first two hours to a high of 18% during the

third hour. On the ebb tide, the recovery rate ranged from 11%

during the seventh hour (first hour of high slack/ebb tide) to

33% during the tenth hour (fourth hour of ebb tide).
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Under reduced flow circulating water pumping rates, a

somewhat greater percent of dye was recovered from the 210'

release point on the flood tide than on the ebb tide (Table 30),

and approximately reversed the range of values observed under

full flow pumping rate conditions.

The studies disclosed that dye released at Unit 2 proposed

return site locations could be transported to the Unit 3 intake.

However, the overall recovery of dye at the Unit 3 intake

following its discharge at the Unit 2 release points was

relatively low. Cumulative recovery rates over the tidal cycle

during which dye was discharged was highest from the 210'

release locations. Levels ranged from 7% during full flow

circulating pumping rates to 20% under reduced flow pumping

rates (Table 31). Extended cumulative recovery rates (26 hour)

were essentially no different from 13 hour rates at either full

flow or reduced flow pumping conditions (Table 31).

Table 31

Cumulative Return Rate to Unit 3 from
Proposed Unit 2 Fish Return Line Discharge Locations

Unit 2 Phase I Cumulative Return Rate (%)
Release Hour of Tidal Cycle. Beginning at Low slack Water
Location 1 2 3 4 5 6 7 8 9 10 11 -2 13 26

60' 1 1 0 0 0 0 0 0 1 1 1 1 1 0

110' 1 1 0 0 0 0 0 1 1 2 2 2 2 3

160' 2 2 1 1 1 1 0 0 1 1 2 3 3 3

210' 10 14 15 12 9 8 7 6 7 8 8 - - 11
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Unit 2 Phase II Cumulative Return Rate (%)
Release Hour of Tidal Cycle, Beginning at Low Slack Water
Location 1 2 3 4 5 6 7 8 9 10 11 12 13 26

60' 4 10 10 10 8 7 6 5 6 7 6 6 7 8

110' 5 10 12 10 8 7 6 5 5 a 9 10 10 9

160' 5 9 10 9 7 6 5 5 9 10 11 11 11 9

210' 15 20 17 13 10 9 7 11 16 15 14 16 17 19

Although a greater level of recovery at Unit 3 occurred from

the 210' release point at Unit 2 than from the three points

located nearer the shoreline, this was expected based on the

earlier hydraulic model study results.

2. Dye Releases at Unit 3

Cumulative dye recovery at Unit 3 over one tidal cycle from

all release locations at Unit 3 was relatively low regardless of

circulating water pumping rates. Recovery rates through

13 hours ranged respectively from 8% to 14% under the full flow

circulating water pumping rate, and from 10% to 16% under the

reduced flow rate for release locations 0' to 160' offshore

(Table 32). Extended recovery through 26 hours ranged from one

to five percentage points higher than 13 hour rates during

Phase I studies, and from zero to four percentage points higher

during Phase II studies (Table 32).
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Table 32

Cumulative Return Rate to Unit 3 from
Proposed Unit 3 Fish Return Line Discharge Locations

Unit 3 Phase I Cumulative Return Rate (%)
Release Hour of Tidal Cycle. Beginning at Low Slack Water
Location 1 2 3 4 5 6 7 8 9 10 11 12 13 26

0' 3 2 1 12 16 22 20 18 17 is 14 14 13 18

10' 1 1 3 14 12 12 12 11 10 10 9 9 8 11

60' 1 1 15 16 16 16 15 14 12 11 10 10 9 10

110' 1 1 3 23 22 21 21 20 18 16 15 14 14 14

160' 2 2 4 7 10 12 15 15 13 12 11 10 10 12

ALT. 1 1 1 1 0 0 0 0 0 1 1 1 1 1

Unit 3 Phase II Cumulative Return Rate (%)
Release . Hour of Tidal Cycle. Beginning at Low Slack Water
Location 1 2 3 4 5 6 7 8 9 1Q 11 12 13 26

0' 0 0 20 21 20 20 18 16 14 12 11 10 10 10

10' 0 0 0 14 14 14 17 16 14 13 12 12 12 16

60' 0 0 15 21 26 26 25 23 20 18 16 15 14 13

110' 0 0 1 16 23 29 30 27 24 21 19 18 16 16

160' 0 0 0 11 15 19 20 19 17 16 14 13 12 14

ALT. 0 0 0 1 1 1 1 1 1 1 1 1 0 2
r

Recovery of dye from the alternate release location located

south of the discharge canal was nil under both pumping rates.

Recovery of dye at Unit 2 from release points at Unit 3 was

low under both full flow and reduced flow circulating water

pumping rates. Recovery rates ranged from 1% to 5% at the full

flow rate to 1% to 6% at the reduced flow rate; extended
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recovery rates were essentially the same as 13 hour rates

(Table 33).
Table 33

Cumulative Return Rate to Unit 2 from
proposed Unit 3 Fish Return Line Discharge Locations

Unit 3
Release
Location

0'

10'

60'

110'

160'

ALT.

Unit 3
Release
Location

0'

10'

60'

110'

160'

ALT.

Phase I Cumulative Return Rate (%)
Hour of Tidal Cycle. Beainning at Low Slack Water

1 2 3 4 5 6 7 8 9 10 11 12 13 26

1 1 1 1 2 4 5 5 4 4 4 4 4 6

0 0 0 1 2 4 5 6 5 5 5 4 4 4

0 0 0 3 4 6 7 7 7 6 5 5 5 4

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

0 1 1 4 5 6 6 7 6 5 5 5 4 5

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

Phase II Cumulative Return Rate (%)
Hour of Tidal Cycle. Beginning at Low Slack Water

1 2 3 4 5 6 7 8 9 10 11 12 13 26

0 0 0 3 4 5 4 4 4 3 3 3 2 2

0 0 0 0 3 4 5 5 5 4 4 4 3 3

0 0 0 4 6 7 7 7 7 6 6 6 5 5

0 0 0 2 7 9 9 9 8 7 7 6 6 4

0 0 0 1 5 9 9 8 8 7 7 6 6 7

0 0 0 0 1 1 1 1 1 1 1 1 1 1

The recovery rates at Unit 3 from Unit 3 release points

located westward of the discharge canal showed no substantive

relationship to distances offshore of the release point. These

results appear to confirm the conclusions of Parkinson and

Goulet (1976) that the area offshore and south of the Unit 3

intake consists of a mixture of eddies, particularly during
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flood tides, and does not appear to be within the principle zone

of withdrawal for the unit. This condition apparently exists

because of the combination of the arrangement of the station

circulating water discharge facilities, which eject cooling

water at 10 fps at an angle normal to the Hudson River, and the

intakes, which withdraw water at approximately 0.6 fps to

1.0 fps, depending on pumping rates. The continuous high

velocity discharge of cooling water appears to draw adjacent

water (both north and south of the plume) offshore; this

movement, coupled with the intake water withdrawal at the two

units, induces a continuous southward drift in front of the

station. This condition appeared to have been demonstrated by

the dye release studies. Intake water fluorescence monitors

were operated continuously during the flood tide following

cessation of dye release as well as throughout the 13-hour tidal

cycles during which dye was released. Dye recovery rates in the

intakes on the succeeding flood tide essentially reflected only

background levels of fluorescence (Figure 18). Flood tide water

apparently did not flow back upstream along the face of the

intakes. Rather, it apparently moved offshore or away from the

intakes. If it had returned along the shoreline, residual

levels of dye would have been present in the intake water.
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Figure 18 Dye Tracer Returned to -the Indian Point Unit 2 Intake
Following Release at the Unit 2 Proposed Fish Return
Pipe Location 210' Offshore
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D. Dead Fish Recirculation Studies

In 1986, as a preliminary means to evaluate recirculation

potential from release points situated along the proposed return

line routes at Units 2 and 3, dead white perch were released and

impingement collections were monitored to evaluate impingement

rates under reduced circulating water pumping rates. White

perch, approximately 3" in length, were obtained from

impingement collections at Units 2 and 3, and separated into

batches of 200 individuals. A total of 20 batches of 200 fish

were assembled and frozen. On December 15, 1986, 1,000 fish

were thawed and dyed a specific color for identification

purposes and then released at each of four tide stages: maximum

flood, high slack, maximum ebb, and low slack. These 4,000 dead

fish were released at a point 150' offshore and approximately

100' north of the face of the Unit 2 intake, at a depth of 35'.

Cooling water flows averaged 497,000 gpm at Unit 2 and

500,000 gpm at Unit 3 during the period impingement collections

were monitored for return of dyed fish.

Impingement collections were monitored for the presence of

released fish at Unit 2 intake bay 26 starting three hours after

the initial release of fish. Monitoring continued at

approximately three-hour intervals until the last sample had

been in the river four tidal cycles (total time - 50 hours).

Impingement collections were also monitored at Unit 2 intake
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bays 21 through 25, and Unit 3 intake bays 31 through 36 during

routine screen washings and all intermediate non-routine screen

washings for two days following the release of the fourth group

of fish (approximately 51 hours).

A second series of fish releases occurred on December 18,

1986. During this series, fish were released at the initial

location at Unit 2 utilized on December 15, 1986, and at a

second point located 200 feet offshore from the northwest corner

of the discharge canal at Unit 3. At both sites, fish were

released in 35' of water. Four groups of fish, each containing

750 individuals, were released at each of the two sites during

various current stages. These eight groups of 750 fish

(6,000 fish total) were dyed different colors to distinguish

them from each other and from the groups of fish released during

the first series. Impingement collections at both units were

monitored for the presence of dyed fish, according to the

schedule utilized during the first fish release. The

circulating water flow rate averaged 477,000 gpm at Unit 2 and

499,000 gpm at Unit 3 (combined total of 976,000 gpm) during the

period that impingement collections were monitored for return of

dyed fish.

Only nine fish were recovered from the 4,000 released on

December 15, 1986; a return of 0.24% within 51 hours from the

time of the last release. Of the 6,000 fish released on
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December 18, 1986, only three were recovered within the four

tidal cycles (50 hours) following the last release. A fourth

fish was recovered during a scheduled screen wash approximately

63 hours after the last release. One of the four fish recovered

was from the group released at the site north of Unit 2; the

remaining three came from the group released south of Unit 3.

Of the 13 fish recovered, all were recovered at Unit 2.

None were recovered at Unit 3. All of the fish recovered had

been released at the start, during, or at the end of flood tide.

None of the fish released during the maximum ebb tide were

recovered.

Thawed dead fish, unlike dye particles, are not neutrally

buoyant; they sink toward the bottom when released. This

tendency to sink and perhaps contact the bottom may have kept

them from being carried into the intakes from the Unit 2 release

location, even though they were released within the withdrawal

zone based on the recirculation of dye from this area. These

results suggest that non-neutrally buoyant items (dead fish,

debris) that may be returned will not have a high probability of

reappearing on the intake screens. They also suggest that

demersal fish, such as Atlantic tomcod and hogchokers, which

contribute 17.8% and 3.3% respectively to the annual numbers of

fish impinged (Appendix A-II) and which orient positively with

the bottom, may not be as likely as pelagic species, which are
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not usually found in close proximity to the bottom, to be

passively returned to the intakes.

E. Conclusions

1. Indian Point Unit 2

Some uncertainty remains as to the most cost effective

terminus for the Unit 2 fish return pipe. Dye studies indicate

that up to 54% of totally passive neutrally buoyant particles

might eventually be returned to the Units 2 (43%) and 3 (11%)

intakes from a release point 210' offshore of Unit 2, during the

period of full cooling water flow. However, a relatively small

proportion of total annual impingement (14%) occurs during this

period, and the various fish species involved are unlikely to be

passive at summer temperatures. Observations in the quarry show

that fish begin actively swimming almost immediately after

emerging from the return pipe even at low water temperatures.

During the period of minimum cooling water flow in which nearly

70% of total impingement occurs, a substantially smaller propor-

tion (24%) of neutrally buoyant, passive particles return to

Units 2 (13%) and 3 (11%) from the 210' location. Moreover,

fish are not totally passive as evidenced by the quarry studies

and the actual rate of fish return may be less than that

predicted by the dye return studies.

The simplest option to further reduce the passive return of

fish to the cooling water intakes would appear to be to extend
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the line further offshore. Based on the substantial decline in

dye return rate from 210' offshore relative to that at 160' and

the conformity between dye study results and predictions based

upon earlier hydraulic studies, it appears that extending the

Unit 2 pipe 25' to 50' would move the discharge point outside of

the withdrawal zones for both units. The river depth increases

by 10' to 15' over this distance. Quarry test studies indicated

that during winter tests white perch showed signs of stress that

might be related to discharge depths. However, none of the

other species exhibited any adverse effects and, under expected

return system conditions at Indian Point Unit 2, white perch

would not be confined to a specific depth. Accordingly,

hydrostatic effects should not be important.

In light of the information available to date, Con Edison

recommends the following course of action:

a Complete engineering specifications and solicit proposals

for construction of a fish and debris return line to

discharge at a point approximately 225' from the

shoreline (200'± off the face of the intake), along a

westerly oriented line 145' north of the intake

centerline.

e Consider tagging studies to confirm that the probability

of live fish returning passively to the intakes is lower

than that of dye particles. (Hatchery striped bass might
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be used for summertime studies and white perch collected

from the Ristroph screens might be used for winter

studies in 1990/91.)

Under this strategy, engineering work on a fish return line

extending up to 250' into the river could move forward so that

construction could be completed by the spring of 1991 when the

screens are scheduled to be installed. Based on any additional

information on rates of live fish return to the intakes and

length-related costs of the line, the final length of the pipe

might be reduced.

2. Indian Point Unit 3.

Based on the hydraulic model studies by Parkinson and Goulet

(1976), the proposed area for location of the fish return line at

Unit 3 was outside of the defined intake water zone of with-

drawal. Further, cumulative return rates for dye released at

various locations along a line extending riverward from the

northwest corner of the discharge canal did not exhibit any

relationship with increasing distance offshore. In fact, the

lowest cumulative return rate was observed at the shoreline

release point under winter operating conditions. Since'the

majority of the fish impinged at the Indian Point Generating

Station are impinged during the winter, the apparent optimum

location of the Unit 3 fish return pipe would be at the shoreline

(bulkhead line) at the northwest corner of the discharge canal.
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V. RETURN SYSTEX DESIGN

The return system will consist of three major components:

1) the sluice to collect fish from the screens, 2) the flume to

convey fish from the sluice to the river level, and 3) the return

pipe to convey the fish to the point of discharge.

The proposed sluices are planned to be 36" in width by

approximately 12" in depth. They will extend from screen to

screen and be pitched at about 1/16" to 1/8" per foot to

facilitate water flow. They will be constructed of smooth

surfaced materials such as fiberglass, stainless steel or epoxy-

lined channels, and be free of protrusions, sharp angles, or

other conditions that may cause damage to fish or interfere with

their transport. Covers will be installed on exposed sections to

prevent predation on fish by birds. Operating water will be

derived from two sources: 1) the low pressure spray wash system,

the operation of which will require approximately 1,500 gpm, half

of which may enter the sluices; and 2) a supplemental water

supply system which will provide approximately 800 gpm to

1,000 gpm. The flume will consist of three components: 1) a

transition section to change the cross-sectional form of the

sluice to that of a round-bottomed channel/funnel of a width

comparable to the diameter of the flume; 2) a channel/funnel to

convey flow into the flume; and 3) the flume pipe to convey flow

to the river level. The transition section is expected to be
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about 10' long, and pitch downward at about 1"/1'± This slope

will accelerate the 3 fps± sluice flow without formation of a

backflow or excessive standing wave at the entrance at the flume

pipe. The flume is expected to drop from the sluice level (19'±)

to deck level (15') within a distance of approximately 50', and

then continue downward at a pitch of about 4"± per foot for 50'±

to the water level (0') where it will connect with the 10"

diameter return pipe. Space constraints may require that the

elevation drop from the sluice elevation to the deck level be at

a pitch comparable to that between the deck level and the river

level.

A. Return Pipe at Unit 2

The Unit 2 return pipe is expected to be buried to a depth of

about 3' in the river bed for a distance of approximately 225'±.

It will then extend at an approximately 300 angle (radius of

curvature greater than three pipe diameters) upward out of the

river bed in a westerly direction for approximately 10' to an

elevation of approximately 5' above the river bed (40'± below the

water surface). The section of pipe extending above the river

bed will be protected from water currents and submerged debris by

rock rip-rap. Fish discharged at a velocity of about 5.0 fps

along the upward trajectory would be reoriented in the river at a

depth of approximately 35'.
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B. Return Pipe at Unit 3

The Unit 3 return pipe, which will be supported from the outer

edge of the circulating water discharge canal, will extend to a'

depth of minus 15' where it will terminate at the bulkhead line.

It will be oriented horizontally in a southwesterly direction,

away from the intake. Discharge velocity is expected to be

approximately 15' per second, a velocity lower than that observed

in the prototype flume tested in the Verplanck Quarry.

- 92 -



Indian Point Units 2 and 3 ý
'RistroDh ScreenFish Return systems

REFERENCES

Aquatec, Inc.

Neale, L.C.

Normandeau Associates, Inc. (NAI)

Normandeau Associates, Inc. (NAI)

Parkinson, F.E., and F. Goulet

1990. Hydraulic Study of the
Hudson River. Report to
New York Power Authority and
Con Edison Company of New York,
Inc. Aquatec, Inc.,
South Burlington, Vermont.

1973. Indian Point Intake
Streamlines Study. Letter
report to Mr. Herman Bremer,
Consolidated Edison Company,
dated February 9, 1973, Alden
Research Laboratory, Holden,
Massachusetts.

1987. Ristroph Screen Fish
Return Line Recirculation
Study - Recovery of Dead Fish
Report to Con Edison by NAI,
Bedford, New Hampshire.

1990. Quarry Site Evaluation of
Prototype Ristroph Screen Fish
Return System for Indian Point
Units 2 and 3. Letter report to
Dr. Kenneth Marcellus,
Con Edison, dated July 5, 1990,
from Dr. Mark Mattson,
Normandeau Associates, Bedford,
New Hampshire.

1976. Indian Point Generating
Plants Hydraulic Model Study of
Hudson River Flows Around
Cooling Water Intakes. LaSalle
Hydraulic Laboratory. LaSalle,
Province of Quebec, Canada.

- 93 -



Indian Point Units 2 and 3
Ristrovh screen Fish Return Systems

APPENDIX

BACKGROUND MATERIALS

A-I. INDIAN POINT STATION

The Indian Point Station is located at milepoint 43 on the

east side of the Hudson River. It consists of three nuclear

generating units. Unit No. 2 is northernmost (upstream) in

position at the site, followed in a southerly direction by Units

Nos. 1 and 3. Unit No. 1, owned by Con Edison, has not operated

since October 31, 1974. Unit No. 2 is owned and operated by

Con Edison; Unit no. 3 is owned and operated by the New York

Power Authority.

1. Description of Intake Structures

The intake for Unit 2 (Figure Al) consists of seven pump

bays, six for circulating water pumps, and one for service water

pumps. Each of the circulating water pump bays is approximately

53' long and is independent of the adjoining bays. The bays are

13'4" wide from the back wall to a point approximately 11' from

the entrance from which point they taper outward to a width of

14'10" at the entrance. The bottoms of the intakes are at minus

27' MSL. The equipment decks are at elevation 15'. An ice

curtain wall extends to minus 1' MSL at the entrance to each of

the forebays and serves to prevent floating debris as well as
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Figure Al Indian Point Unit 2 Cooling Water Intake

-f-RIistroph Screen Hudson River
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ice from entering the bays. The centerline of each circulating

water pump is 4716" from the intake entrance.

The new Ristroph screens at Unit 2 will be installed at a

point about 12' behind the intake entrance. With the

installation of the new screens, bar screens, comprised of 1/2"

bars spaced 3" on center, will be installed at the intake

entrances. The calculated average intake water approach

velocity at the Unit 2 fixed screens is 0.8 fps at mean sea

level during summer full flow operation and 0.5 fps during

minimum winter flow operation. Intermediate flows occur during

spring and fall. Velocities are dynamic, however, and changes

occur with changes in tides.

The intake at Unit 3 (Figure A2) also consists of seven pump

bays, six for circulating water pumps and for service water

pumps. The pump bays do not extend out to the bar racks. They

open into a common plenum. The plenum is 12' wide and 120'±.

Nine bar racks form its walls. Seven comprise the western wall

of the plenum and one each forms the north and south walls.

Thus, the opening of each pump bay is located 12' behind the

western bar racks. The circulating pump bays are 13'4" wide

over their entire length. The bottoms of the intakes are at

minus 27' MSL. The equipment deck and ice curtail wall are as

described for Unit 2. At Unit 3, the new Ristroph screens will

be installed at the pump bay entrances to the common plenum.
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Figure A2 Indian Point Unit 3- Water Int~ake

Hudson River
A$ItIOpb $or@*as
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The calculated average approach velocity at mean sea level is

1.0 fps at full flow, and 0.6 fps at reduced flow.

The service water intake bays (Figures Al and A2) are

centrally located within each of the Units 2 and 3 intake

structures. Six service water pumps (5,000 gpm/pump) draw water

from each of these bays for operation of heat exchange equipment

such as turbine lubricating oil coolers and systems required for

the safe shutdown of each unit. Two 6' wide modified Ristroph

screens will be installed within the service water bays at each

unit as illustrated in Figures Al and A2. The calculated

average approach velocity at the entrance to the service water

bay when all six service water pumps are operating is about

0.2 fps.

2. Circulating Water Pump Operation

Under full flow operation, which occurs from June 9 through

September 30 in accordance with Settlement Agreement-established

circulating water flow rates, each circulator withdraws

140,000 gpm from the river, for a unit total of 840,000 gpm and

a site total of 1,680,000 gpm. At minimum flow from November 1

through May 15 each circulator withdraws 84,000 gpm for a unit

total of 504,000 gpm and a site total of 1,008,000 gpm. During

other periods of the year, circulating water flow rates are.

between the reduced and full flow rates (Table Al).
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Table Al

Approximated Circulating Water Flow Rates
For Indian Point Units 2 And 3

Flow Rate

Time Period (GPM)

November 1 - December 31 504,000

January 1 - May 15 1504,000

May 16 - May 22 560,000

May 23 - May 31 672,000

June 1 - June 8 731,000

June 9 - September 30 840,000

October 1 - October 31 731,000

The total service water pumping capacity is 30,000 gpm at

each unit and is additional to the values noted above.

3. Discharae Structures

Each of the units discharges circulating and service water

to a common canal which in turn discharges through a series of

12 submerged ports into the Hudson River. The ports are

centered 12' below mean low water and are 4' high by 15' wide.

They are positioned 6' apart and extend for a lateral distance

of 246'±. Ten of the ports are outfitted with moveable gates

that are adjusted as necessary to maintain a head differential

in the canal of 1.75' above the level of the river. This

differential generates a mean discharge velocity of 10 fps. The

centerline of the discharge ports is approximately 700' from the
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centerline of the Unit 3 intake structure and about 1,400' from

that of the Unit 2 intake structure.

4. Hudson River in. the Vicinity of the Indian Point Station

The Hudson River, in the vicinity of the Indian Point

Station, is approximately 5,000 feet wide and averages about

40 feet deep. About 600 feet north of the station and 300 feet

offshore, the river depth is nearly 80 feet. A half mile south

(600 feet south of the discharge canal) and a comparable

distance offshore, the depth is less than 50 feet.

The tide range in the vicinity of Indian Point is about 3.2'

and the tidal excursion distance is approximately four miles.

The salinity ranges from less than 0.1 ppt salt when fresh water

flows are above 17,000 cfs to approximately 5.0 ppt when they

are minimal (3,000 cfs). Temperatures range from approximately

320F to 85 0 F.

River bed materials are comprised of hard silts and sand

that range up to 20 feet or more in depth to bedrock. Siltation

in the vicinity of the station during the period 1970 to 1982

has been minimal, but has occurred near shore (within 50'±)

south of the Unit 1 wharf near the entrance to the Unit 3

intake. This condition apparently results from the stilling

effect that the pilings supporting the Unit 1 wharf has on river

water passing under it.
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A-II. IMPINGEMENT_ AT INDIAN POINT STATION

Recent trends in impingement (1986 through 1989) were

examined relative to the Settlement Agreement specified

circulating water flow rates for the Indian Point Station.

Generally, during the interval from November 1 through mid-May

when pumping rates per unit are at 504,000 gpm, nearly 70% of

the total annual number of fish impinged are collected (text

Table 28). During the summer when the pumping rate is

840,000 gpm, only about 14% of the annual tally of fish is

impinged. The remaining 16% are collected during the spring and

fall when pumping rates are at intermediate levels. Table A2

presents the estimated maximum mean total number of ten species

of fish that might be expected to be impinged per time interval

throughout the calendar year. White perch, which are impinged

predominately during December through March, are projected to

contribute approximately 66% of the annual total. Atlantic

tomcod, which are most abundant in the impingement collections

during the spring and early summer, are projected to contribute

nearly 18%. Other species, such as bay anchovy and blueback

herring, which in previous years had been collected in greater

proportions to the total (Table A3), are estimated based on
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Table A2. Projected Mean Monthly Impingement of Ten Species of Fish at the Indian Point Station Based on
Observed Rates During 1986 Through 1989

]MY Anmaeb Riai SWO AtAWtic White

Aleife Andow w Ho*d*t Herdd Sm" nw Tome" pack weak Tam

Nbcmer 57 236 234 1,077 4,559 236 2,605 128 36,800 89 51,296

Deauber 8 7 2 3,651 31 66 1,351 823 111,957 1 122,n77

JanutY 4 89 7 1,140 49 368 8,341 685 130,840 0 151,111

Iebnmy 23 3 0 156 28 515 6,231 197 117,779 0 127,673

Much 53 2 1 132 6 479 2,703 123 78,954 0 84,200

Apil 92 2 38 3,513 246 580 228 68 23,098 0 285

May 1-15 108 5 33 2,961 148 256 136 70 11,659 2 16,159

May 16-22 78 39 20 3,053 118 215 137 13,156 16,523 0 33,848

May 23-31 79 157 4 951 273 239 47 50,285 8,819 0 61,081

June 14 13 0 3 37 45 73 31 475 2,972 0 3,683

June 9-31 69 1,300 34 598 263 346 23 30,478 1,714 0 35,863

July 72 1,086 149 955 150 248 150 52,596 1,718 164 58,107

AuWa 123 680 164 4,135 343 42 552 658 5,114 1,375 13,600

SqiL 185 2,975 174 2,947 908 42 753 352 2,223 1,036 12,256

264 5,866 545 2,854 16,088 160 5,920 306 11,479 1,367 46,436

TOWj 1,230 12,448 1,408 28,160 23,253 3,864 29,210 150,400 561,651 4,035 847,045
I I - II

AMl & 0.15% 1A7% .0.17% 3.32% 275% 0.46% 3.45% 17.76% 66.31% 0.48% 100.00%

Mathrah
March=
78.26%)
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Table A3. Projected Mean Monthly Impingement of Ten Species of Fish at the Indian Point Station Based on
Observed Rates During 1975-1989

MlY Ameim Elmeluk Rgukw &zipd Athatk /Wftl MU

A•ife Awcoy Sind__w____ IHheat Hewn smet Toamm Perch Weak Tm.

N,,=ber 3,527 657 3,554 3,083 .76,653 1,666 2,964 656 149,8I 419 25.656

Decembe 211 84 173 1,811 5,113 2,663 6,771 5,016 256,609 75 288,174

.ramzy 29 76 10 408 71 2,114 12,330 2,923 361,681 0 387,175

1pbdmuy 39 4 2 55 27 1,340 13,391 756 253,369 0 272,113

Match 22 4 1 72 11 1,026 4,833 460 183,573 0 193,246

ApuI 139 76 10 2,361 333 3,019 1,222 277 115,656 0 127,658

May 1-15 178 604 9 6,455 489 2,043 334 1,166 30,252 1 43,594

May 16-22 121 188 5 2,330 180 575 95 4,962 6,787 0 15,756

May23-31 163 931 4 1,274 258 475 77 23,862 6,099 0 33,816

Jone 1-9 100 272 7 311 281 447 57 28,827 4,070 0 34,919

Jue 9-31 603 5,s50 397 1,492 13 2,214 151 107,885 11,151 2 135,908

July 10,888 99,779 12,239 2,446 18,243 3,853 3,678 130,364 12,886 4,300 309,135

Angiut 7,194 106,447 6,640 9,261 9,879 1,412 4,171 100,939 38,626 16,254 306,245

SeI'. 1,962 37,256 1,512 13,158 16,287 663 2,024 22,586 25,477 6,177 130,571

c 4,675 17,816 3,843 9,532 383,955 3,137 4,572 2,327 74,201 1,390 523,399

Total 29,870 269,702 28,405 54,051 513,109 26,646 56,671 433,007 1,530,288 28,617 3,058,214

ANI Jkh 0.98% 8.82% 0.93% 1.77% 16.78 0.8% 1.M% 14.16% 5V.04% 0.94% 1_ 0-00%
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current records to contribute about 1.5% to 2.7%, respectively

(Table A2). Nearly all the fish impinged are young-of-the-year

or yearlings in age and range in length from about 2" to 5".

A-I11. RISTROPH SCREENS

Ristroph modified travelling water screens are conventional

travelling water screens outfitted with special water retaining

troughs on the screen panels for the purpose of collecting fish.

The machines are also designed for continuous operation in order

to continuously collect and remove fish from intake water for

transfer to a conduit through which they are returned alive to

the source water. The design for the modified Ristroph screens

to be installed at Indian Point Units 2 and 3 was developed from

tests with a prototype installed at Unit 2. This machine'

(Figure A3) was outfitted with screen baskets that had bottom

rails uniquely shaped to not only retain water but also protect

fish from turbulent rolling conditions as they were collected

and carried upward through the inflowing intake water. In

addition, the machine was outfitted with a high pressure spray

wash system to transfer debris from the screen mesh to the

primary debris sluice as the baskets were raised. This

operation freed the smooth-surfaced screen mesh of entangling

debris and enhanced the transfer of fish to the return sluice as

the baskets rotated over the headshaft and started their

- 104 -



iudian poi.nt Units 2 and 3
gistroph screen Pish Return Systems

F~igure A3 Moudifiedl fI'sLroph Tiruvediahl WYaLer Screen

driveni Pamil. lypical.
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VERTI•CAL CROSS SECTION

Source-. 'reat SaIt UDay ELxperiment Station
Fletcher, 1986
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descent. The machine was outfitted with a low pressure spray

wash system to flush the fish from-the collection rail onto the

mesh of the inverted basket and then into the return sluice.

A second series of high pressure water jets served to wash

the mesh a second time to remove remaining debris into a

secondary debris sluice passing along the rear of the screen

array in the intake deck floor (Figure A3).

Special seals may be operated on the screen to facilitate

fish and debris transfer to the return sluices. One seal may be

positioned on the front of the machine to protect fish in the

collection rail from the accumulations of seasonally prolific

filamentous algae as it was washed from the ascending screen

panels. The device articulates inward to cover the tray as it

passed through the front mounted spray, and then moves outward

to transfer debris to the sluice and reset itself for the next

screen panel. On the rear side of the machine, a flexible seal

may be installed on an angle at the edge of the fish sluice to

facilitate the transfer of fish from the mesh into the sluice

and reduce the opportunity for their passage into the rear-

mounted debris sluice below.

KLM/bjd
July 19, 1990
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Normandeau Associates, Inc. NORMANDEA U ASSOCIATES
25 Nashua Road
Bedford, NH 03102-5999
(603) 472-5191
(603) 472-7052 (Fax)

Ref. No. 10088.00

5 July 1.990

Dr. Kenneth L. Narcellus
Consolidated Edison Company

of New York, Inc.
4 Irving Place - Room 306S
New York, NY 10003

DeAr Ken:

This letter and the attached tables present a summary of the

fish testing and survival results for the 1989 Quarry Site Evaluation of

Prototype Ristroph Screen Fish Return System for Indian Point Units 2

and 3 (Con Edison Purchase Order No. 9-17264). Partial and full scale

testing of aluminum and PVC pipe models of various configurations of the

proposed Ristroph Screen Fish Return System for Indian Point Units 2 and

3 were conducted at the Verplanck Quarry by Normandeau Associates, Inc.

(NAI) between 1 August 1989 and 29 January 1990.

OBJECTIVES

The purpose of the flume and return pipe tests was to collect

data to address specific questions regarding the design and operation of

the Ristroph Screen Fish Return Systems that will be installed at Indian

Point Station. The specific questions addressed were:

What is the effect on fish of the transition of water flow

from a wide, flat bottomed sluice to an enclosed tiibular

conduit (pipe) with and without debris present?

What is the effect on fish of transport through the air-water

interface.at the rLver level in a partially filled conduit

with and without debris present?

Bedford, NH Yarmouth, ME Aiken, SC
Hampton, NH Peekskill, NY Greenville, SC
Will/ston, VT Toms River, NJ LeClaire. IA

A subsidiary ot Thermo Environmentlal Corporalion and Thermno Flectron Corporation
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What is the effect on fish of transport through return pipes

of various diameters and lengths when operated at various flow

rates with and without debris present?

What is the effect on fish of discharge from a return pipe at

a depth of -35 feet with and without debris present?

TEST SYSTEM

The partial and full-scale systems tested reflected the layout

proposed for installation at Indian Point Unit 2 and encompassed the

features projected to be included at Unit 3. Test system dimensions

were:

Sluice elevation: 19' 4"

Flume elevation, upper end: 18' 10"

Flume elevation, lower end: -1'

Flume length between elevations 18' 10" and 15': 65'

Flume length between elevations 15' and -1': 35'

Fish return pipe elevation, upper end: -l'

Fish return pipe elevation, lower end: -I' or 35' depending on

test

Fish return pipe lengths: 30', 150', 250'

Transit times throujgh the test systems were determined on

different species of live fish and on [nanimnte objects of various

degrees of buoyancy. These trials were performed for several different

configurations of the test system, and the resulting transit times are

shown in Tables 9 and 10.
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TEST PROCEDURES

Fish were obtained from a variety of sources including the

Indian Point Unit 2 Ristroph Screen (white perch), Verplanck Hatchery

(striped bass), trawling (Atlantic tomcod), and local bait stores

(alewife and golden shiner). Test and control fish were acclimated to

quarry water conditions in shallow pools into which quarry water was

circulated.

Test procedures were as follows: At, the beginning of

each test the water supply pumps were started and the flow adjusted to

the desired rate. After a constant flow rate was established, test,ý

subjects (live test fish for survival studies with or without debris, or

inanimate objects of various degrees of buoyancy for supplementary

transit time observations) were introduced into the sluice. Fish were

poured into the sluice from a height of approximately six inches above

the surface of the water from buckets or fish boxes partially filled

with water. Fish were introduced to the sluice in the direction of the

water flow. Almost all fish were carried by the flow immediately into

the flume. Debris and inanimate objects were simply placed into the

sluice. Time of transit was measured from when test subjects first

entered the flume until the first and last fish enfered the test cage as

observed on underwater video. Observed transit times are shown in

Table 9. If sequential tests were to be conducted, the test cage was

uncoupled from the return sluice by a diver and moved. The second test

cage was then coupled to the return pipe and the above process repeated

for the next test.

Control fish were introduced directly into a separate 6x6x6

ft cage in situ without traveling through the prototype return system.

Control fish were placed in a bucket with water and brought out to the

cage in a boat. The control fish were introduced to the cage by opening

a closure in the top and pouring them in from a height of six inches or

less.
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Fish survival was determined by videotape observation of both

test and control subjects at 0 hours for immediate mortality and after

several intervals of holding time for latent mortality. Observations

were made after 15 minutes, 1 hours, 4 hours, find 8 hours. For longer

tests, one or more of the following observations were also made,

depending on the length of the test: 24 hours,- 48 hours, 96 hours, and

(for one set of tests) 120 hours.ý

Results of survival tests were expressed in terms of percent

mortality at the end of the holding period for each test (i.e., it

includes latent mortality). The percent mortality for each test group

was adjusted for any mortality occurring in the corresponding control

group using Abbott's formula (Finney, 1964. Statistical methods in

biological assay. Hafner Publishing Co., NY):

Madj = (Mtest - Mcont )(1O%)/(l0-Mcon

where: Madj = adjusted percent mortality of test group,

Stest= proportion of test fish dead or stunned, and

M cont= proportion of control fish dead or stunned.

When Mt exceeded M the H was defined as zero
conttest adj

percent.

EXPERIMENTAL DESIGN

The original scope of work proposed a testing sequence

designed to detect effects of various-system components on fish

survival. Factors varied in the proposed design were:

1. Flume and return pipe

Partial scale = 6 inch diameter

Full scale =12 Inch diameter
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2. Return pipe length
Short 30 ft long

Long = 150 ft long

3. DischArge depth

Sulrface - 'I ft

Deep - 35 ft

4. Fish species/sensitivity

Sensitive = Golden shiner or alewife

Average hardiness = White perch, Striped bass or

Atlantic tomcod

5. Debris present or absent

6. Water flow rate (X or 2X gpm)

The experimental design was fractionated so that all combina-

tions of experimental factors were not tested independently. Tables 1A

through 8A present the combinations of experimental factors proposed for

evaluation. The proposed testing protocol required that (with replicn-

tion) sensitive and hardy fish species at both water flow rates with and

without debris were exposed initially to the partial-scale flume under

four test system configurations (Tables 1-4, series A):

. without a return pipe at a surface discharge depth
0 with a short return pipe at a surface discharge depth

* with a long return pipe at a surface discharge depth

. with a long return pipe and a deep discharge depth.

The same four combinations of factors were then proposed for testing

with a full scnle flume and return pipe system (Tables 5-8, Serles A).
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TEST RESULTS

The first series of tests (Test Numbers I and 5) demonstrated

100% survival at the end of an 8-hour latent effects assessment of both

sensitive (alewife) and hardy (striped bass) fish (Table 18). After

these results were reviewed with Con Edison, it was decided to proceed

directly to the partial scale flume and 150 ft. return pipe with a deep

discharge depth (Table 4B). Both sensitive and hardy fish species

exhibited relatively low latent mortality following passage through the

150-ft partial scale system with a 35-foot deep discharge, and test

subject latent survival differed little from control fish latent

survival (Table 4B). The partial scale system with a 150-ft return pipe

was also tested with a surface discharge depth; test fish survival was

100% at the end of a 24-hour holding period (Table 3B).

The results of the partial scale tests were reviewed with Con

Edison who then. conferred with Messrs. Ian Fletcher and Elwan Radle.

NAI was requested to proceed to full scale testing. The full scale

system was fabricated as requested by Con Edison using 10-Inch diameter

pipe instead of 12-inch pipe. The full scale system with a 150-ft

discharge pipe was first tested with a deep discharge on 5 December

1989, and both golden shiner (sensitive) and white perch (hardy)

exhibited 100% survival when held for 24 hours (Table 8B). Further

testing of the full scale system for the various combination of factors

included a 30-ft return pipe (Table 6B), 150-ft return pipe with a

surface discharge (Table 7B), and a 250-ft return pipe (Table 8C).

OBSERVATIONS ON INITIAL BEHAVIOR OF TEST FISH

In tests with the partial scale system, fish discharged at

both -1 ft and -35 ft exhibited different behavior depending on the

water flow rate in the return pipe. At flow rates of about 250 gpm,

fish gently floated into the cage head first with the discharge water,

quickly oriented themselves to the boundaries of the cage and swam to
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the bottom of the net. They displayed no apparent signs of stress. At

flow rates of about 440 gpm, the majority of the fish entered the cage

tail first, apparently swimming against the current in the return pipe.

These fish also moved quickly out of the plume of the return

pipe discharge to the sides and bottom of the test cage, oriented to the

boundaries of the test cage and slowly swam to the bottom of the cage.

They also displayed no apparent signs of stress.

In tests with the full scale system operated at 500 to 1,000

gpm, all species of fish, except white perch when water temperatures

were low, generally displayed behavior comparable to that of fish

discharged from the partial scale system operated at approximately 440'

gpm. White perch discharged at -35 feet when water temperatures were

less than or equal to 4 C were apparently stressed as indicated by their

head up orientation when swimming. In addition, white perch in this

condition were clustered in the top 1/4 of the test cage. This swimming

attitude and behavior was consistent with au undnrinflated swimbladder.

When white perch in this condition were raised to the surface, they no

longer exhibited the head up swimming attitude, and they occupied all

parts of the test cage. When white perch were discharged at -1 foot and

then lowered to -35 feet, they exhibited the same symptoms of stress

shown by white perch discharged at -35 feet. These observations

indicated that white perch were not able to adapt to rapid increases in

water depth following acclimation to shallow depths when water

temperatures were less than 4 C.

OBSERVATIONS ON LATENT BEHAVIOR OF TEST FISH

Test fish at the various latent effects time intervals

exhibited the same basic behavior as control fish. Both test and

control fish were usually found in the lower 1/2 of the test cage in

loosely defined schools. Exceptions to this generalization were golden

shiners and white perch. Both test and control golden shiners were
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occasionally found in the upper quadrants of the cage. With the

exception of white perch discharged at -35 feet at water temperatures

below 4 C, none of the fish displayed signs of damage or injury. Most

species swam along the edges of the cage, suggesting they were seeking a

way out.

OBSERVATIONS ON PHYSICAL DAMAGE TO TEST FISH

Almost all test fish displayed no signs of physical damage

when examined at the completion of tests except for white perch when

water temperatures were generally below 4 C. The damage that was

observed consisted of minor abrasions and the loss of a few scales. It

was not possible to determine if this damage was inflicted by the

prototype return system or collection and handling procedures. White

perch were collected from the Ristroph screen at intake 26 of Indian

Point Unit 2. Golden shiners and alewives were obtained from a

commercial bait dealer. The process of collection, handling and

acclimation of test fish may have introduced more physical trauma to the

fish than the transit through the prototype return system. Both test

and control white perch tested at temperatures below 4 C were found to

have hemorrhages at the bases of their fins.

CALCULATED WATER VELOCITIES

The calculated velocity of the water at specified locations in

the test system under various test conditions is presented in Table 11.

Velocity of water was calculated using the Manning equation modified for a

partially filled pipe. The velocities presented are average calculated

velocities. These velocities are likely to be slight overestimates

because losses due to friction and turbulence are assumed to be

insignificant. In addition, these calculations assume that the water was

in the pipe long enough to reach steady state conditions. This last

assumption may only be true for the return pipe.
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DISCUSSION

The following generalizations can be made regarding the

results of the survival tests:

1. Differences in fish survival between the partial and full

scale system were not apparent.

2. Fish survival did not appear to be related to return pipe

length or water flow rate.

3. The presence of debris in the discharge water did not

appear to reduce fish survival.

4. With the exception of white perch when water temperatures

were at or below 4 C, discharge depth did not appear to

influence the survival of species of fish tested. The

35-ft discharge depth appeared to stress white perch held

at that depth after acclimation at the surface.

Mortality of test and control white perch was high during

testing conducted in January (test dates 1/4; 1/5; 1/10; 1/19; 1/24)

Unadjusted mortality among control fish was as high as 50% during this

period and unadjusted mortality among test fish was as high as 93%. The

high mortality occurred when testing was conducted with the full scale

flume, and the 150 ft or 250 ft return pipe discharging at -35 ft. As

this excessive mortality did not occur with golden shiners and Atlantic

tomcod tested under the same conditions, it is likely that some

mechanism acting only on white perch caused this mortality. There are

several possible sources of this mortality, including the prototype

return system, the condition of the white perch prior to testing, and

the physiology of the white perch.

Some of the mortality to white perch may be due to acclimating

the fish to quarry water conditions in shallow (3 ft.) pools prior to
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their use as experimental subjects, and to a slow metabolism and

response to pressure changes at cold temperatures. Test fish discharged

through the return pipe into holding cages at a depth of -35 ft. were

observed to exhibit equilibrium problems indicative of compression

or underinflation of the swimbladder. These fish swam to the top of the

holding cage immediately upon release at -35 ft. In-natural conditions,

these fish would not be acclimated to shallow depths, nor would they be

entrapped at the 35-ft depth upon discharge. They could swim to a depth

of neutral buoyancy. This scenario was evaluated with mixed results by

lifting the holding cage to the surface within 30-60 minutes of

discharge of the fish from the return pipe at -35 ft. The behavior of

the white perch changed from the upward oriented swimming to that of
"quiescent floating" typical of the control fish being held in surface

waters. Relatively high survival of both control and test white perch

was observed on 18 January 1990 (Table 8B) and relatively poor survival

was observed on 19 January 1.990 (Table 8C).

It did not appear that the prototype return system was the

cause of the excessive mortality observed in white perch because

mortality occurred in control fish that were.not exposed to the return

system. The condition of the fish prior to testing may have been a

major contributing factor to the high mortality observed. These fish

had been collected some time previously from the Ristroph screen at

intake 26 of Indian Point Unit 2 and held for several days prior to

testing. Both test and control fish were held for the same extended

period prior to testing, but only test fish were subjected to the

prototype return system. Mortality was equally high among both test and

control fish and the condition of the fish prior to testing was the only

common factor between test and control fish. Therefore, the condition

of the fish prior to testing is the likely cause for the high mortality

observed In some January tests.

Finally, the physiology of white perch may provide some

insight to the mechanism of the mortality observed in the white perch

held at -35 ft. It was apparent, based on observations of the swimming
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attitude of white perch discharged at -35 ft. that white perch were

having considerable difficulty maintaining buoyancy due to

underinflation of their swimbladders. Inflation of the swimbladder in

the white perch is a physiological process dependent on the partial

pressure of gases in the blood (Alexander 1974). Swimbladder inflation

is driven by the circulatory system which in fish is dependent on the

environmental temperature. 'It appeared that at temperatures below 4 C.

the metabolism of the white perch was too slow to inflate the

swimbladder at -35 ft. Secretion of gases into the swimbladder is a

relatively slow process. 'Alexander (1.974) estimated that it would take

4-8 hours for teleost fish without connections between the swimbladder

and esophagus to inflate a fully deflated swimbladder.

Please contact me or Mr. James Reichle if you have any

questions or require additional information ahouit these tests.

Sincerely.

NORMANDEAU ASSOCIATES, INC.

Mark T. Mattson, Ph. D.

Assistant Vice President

Attachments: As stated

cc: Dennis Dunning
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1989 QUARRY SITE EVALUATION OF PROTOTYPE RISTROPH RETURN SYSTEH

FOOTNOTES FOR FISH SURVIVAL TESTING CONDITIONS PRESENTED IN TABLES l-,8.

IFish survival observation intervals: immediate, 15 minutes, one

hourfour hours and eight hours. Terminate test after eight hours

unless noted otherwise under footnote number 7 (96 hour survival).

2 Flow:

3 Species:

4Number:

5 Control:

X = actual flow rate in gpm determined experimentally

2X = two times the actual flow rate of X gpm

Species of fish tested. Number of different fish species

to be tested is in parentheses if more than one species

and test.

H = average hardiness species (white perch, striped bass

or Atlantic tomcod)

S = potentially sensitive species (herrings, rainbow

smelt or bay anchovy).

Object = dead, finclipped fish.

Number of fish in each test and control batch.

CT) = if testing is to measure transit time only.

Yes if a control batch. of the same fish species is used

Blank if no control is used.

Yes if quantity of debris is reflective of the kind and

amount expected to be collected from up to six Ristroph

screens in'operation (eelgrass in summer and filamentous

algae in winter)

Blank if no debris.

6 Add debris:



Footnotes (cont.)

796 hour survival: Yes = fish survival observation intervals for the
second batch of fifty fish tested are:
immediately, 15 minutes, one hour, four hours,
eight hours, 24 hours, 48 hours, 72 hours and
96 hours. Terminate test after 96 hours.

Blank = 96 hour observation interval is not used.

BFish species (sensitivity): alewife (sensitive)

golden shiner (sensitive)
striped bass (hardy)
Atlantic tomcod (hardy)
white perch (hardy)

9 1n tests conducted between 01/04/90 through 01/10/90, venting holes
were cut into the top of the full scale return pipe to permit release
of entrained air. These vent holes were observed by scuba divers to
allow escapement of fish during transit through the return system.
Although 50 fish were released into the return system for each test,
not all of these fish arrived in the holding cage for survival.
Therefore, the number of fish tested was adjusted to represent the
actual number in the holding cage to the end of the holding period.
(Later the holes were closed to alleviates losses future tests.)

10In all tests conducted on 01/18/90 and 01/19/90, the full scale return

pipe discharged into a holding cage at -35 ft and then the cage was
raised and fish were held at -1 ft for survival observations.

1 1Adjusted percent mortality was calculated for each test as:
K. = (M - M )(100%)/(l - M .), where M ad = adjustedad te co t cont. adj
percent morXality oa test group, Mt = proportion of test fish dead
or stunned, and Mt = proportion otcontrol fish dead or stunned.
If the proportion oo dead or stunned fish was greater in the control
group than in the test group, the adjusted percent mortality was
defined as zero percent.



TABLE 1A. PROPOSED FISH SURVIVAL TESTING CONDITIONS FOR PARTIAL
SCALE (6 INCH) FLUME WITH DISCHARGE AT -1 FT.

TEST PROPOSAL
NO. DAY OBJ/TASK FLOW2 SPECIES3 NUMBER4 CONTROL 5

1 1 11/7 X H(2) 50 each Yes

2 1 11/7 X. H(2) 50 each Yes

3 2 11/8 2X H(2) 50 each Yes

4 2 iI/8 2X 11(2) 50 each Yes

5 3 11/9 X S(2) 50 each Yes

6 3 11/9 X S(2) 50 each Yes

7 4 11/9 2X S(2) 50 each Yes

8 4 11/9 2X S(2) 50 each Yes



TABLE 1B. ACTUAL FISH SURVIVAL TESTING CONDITIONS AND RESULTS FOR PARTIAL SCALE FLUHE (6 INCH)

WITH DISCHARGE AT -1 FT.

TEST CONDITIONS. FISH SURVIVAL RESULTS

TEST

DATE

TEST FISH WATER

NO. SPECIES TEMP.

(C)

FLOW

RATE

C5pm)

VEGETATION/

DEBRIS

ADDED

NO.

FISH

TESTED

HOLDING

PERIOD

(flours)

NO. FISH AT END OF

HOLDING PERIOD

ALIVE DEAD STUNNED

ADJUSTED(11)

PERCENT

MODRTAL ITY

10/10/89 1 S. Bass 7.0 245 No 50 8 50 0 0 0

Control S. bess 7.0 50. a so 0 0

10/10/89, 5 Alewife 7.0 240 No 50. 8 50" 0 0 0

Control Alewife 7.0 50 8 50 0 0



TABLE 2A. PROPOSED FISH SURVIVAL TESTING CONDITIONS FOR PARTIAL SCALE
FLUHE (6 INCH) AND 20' PARTIAL SCALE RETURN PIPE
WITH DISCHARGE AT -1 FT.

TEST PROPOSAL 2 3 4
NO. DAY OBJ/TASK FLOW SPECIES NUMBER CONTROL 5

9

10

11

12

13

14

16

17

18

19

20

21

IIIA/3

111/3

111/4

IIIA/5

IIIA/5

IIIA/5

IIIA/6

IIIA/6

IIIA/6

IIIA/6

IIIA/6

IIIA/6

x

x

2X

2X

2X

x

x

x

2X

2X

2X

Object

H

11(2)

Object

H

H(2)

Object

S

S(2)

Object

.S

S(2)

1 (T)

3 (T)

47 each

I(T)

3 (T)

47 each

I (T)

3 (T)

47 each

I (T)

3 (T)

47 each

Yes

Yes

Yes

Yes



TABLE 2B. ACTUAL FISH SURVIVAL TESTING CONDITIONS AND RESULTS FOR PARTIAL SCALE FLUME (6 INCH)

AND 30' PARTIAL SCALE RETURN PIPE WITH DISCHARGE AT -1 FT.

(No tests conducted)



TABLE 3A. PROPOSED FISH SURVIVAL TESTING CONDITIONS FOR PARTIAL SCALE
FLUME (6 INCH) AND 150' PARTIAL SCALE RETURN PIPE
WITH DISCHARGE AT -1 FT.

TEST PROPOSAL 2 3 ADD 6 96 HOUR 7
NO. DAY OBJ/TASK FLOW SPECIES NUMBER CONTROL DEBRIS SURVIVAL

22 7 IIIB/2 X Object 1, (T)
23 7 IIIB/2 X H 3 (T)
24 7 IIIB/2 X H(2) 47 each Yes
25 7 IIIB/2 X H(2) 50 each Yes Yes,

26 8 IIIB/3 2X Object 1 (T)
27 8 1118/3 2X-' H 3 (T)
28 8 IIIB/3 2X H(2) 47 each Yes
29 9 IIIB/3 2X H(2) 50 each Yes- Yes

30 10 IIIB/4 X Object 1 (T)
31 10 IIIB/4 X S 3 (T)
32 10 IIIB/4 X, S(2)' 47 each Yes
33 10 IIIB/4 X S(2) 50 each Yes Yes

34 11 IIIB/5 2X Object 1 (T)
35 11 IIIB/5 2X S 3 (T)
36 11 IIIB/5 2x S(2) 47 each Yes
37 12 IIIB/5 2X *S(2) 50 each Yes Yes

38 13 IIIB/6 X Object I (T) Yes
39 13 IIIB/6 X H 3 (T) Yes
40 13 ilIB/6 X H(2)ý 47 each Yes Yes
41 13 IIIB/6 2k Object I (T) Yes
42- 13 IIIB/6 2X It 3 (T) Yes
43 13 IIIS/6 2X. H(2) 47 each Yes Yes
44 14 IIIB/6, X Object 1 (T) Yes
45 14 IIIB/6 X S 3 (T) Yes
46 14, IIIB/6 KX S(2) 47 each Yes Yes
47 14 IIIB/6 2X Object 3 (T) Yes
48 14 IIIB/.6 2X S 3 (T) Yes
49 14 IIIB/6 2X S(2) 47 each Yes Yes



TABLE 3B. ACTUAL FISH SURVIVAL TESTING CONDITIONS AND RESULTS FOR PARTIAL SCALE FLUME (6 INCH)

AND 150-FT PARTIAL RETURN PIPE WITH DISCHARGE AT -1 FT.

TEST CONDITIONS FISH SURVIVAL RESULTS

TEST

DATE

TEST

NO.

F1SR WATER

SPECIES TEMP.

(C)

FLOW

RATE

capi)

VEGETATION/

DEBRIS

ADDED

NO.

FISH

TESTED

HOLDING NO. FISH AT END OF ADJUSTED(11)

PERIOD BOLDINNG PERIOD PERCENT

(Hours) ALIVE DEAD STUNNED MORTALITY

10/24/89 36 Alewife 8.0 440 No 50 24 50 0 0 0

Control Alewife 8.0 50 24 49 0 1

10/24/S9 36 G. Shiner 6.0 440 No 50 24 50 0 0 0

ConLrol G. Shiner 8.0 s0 24 49 1 0



TABLE 4A. PROPOSED FISH SURVIVAL1 TESTING CONDITIONS FOR PARTIAL SCALE
FLUKE (6 INCH) AND 150' PARTIAL SCALE RETURN
PIPE WITH DISCHARGE AT -35 FT.

TEST PROPOSAL 2 N CNR
NO. DAY OBJ/TASK FLOW SPECIES3  NUMBER CONTROL

50 15 IIIC/2 X Object 1 (T)

51 15 IIIC/2 x H 3 (T)

52 15 IIIC/2 X H(2) 47 each Yes

.53 15 IIIC/2 2X Object 1 (T)

54 15 IIIC/2 2X it 3 (T)

55 15 IIIC/2 2X H(2) 47 each Yes

56 16 IIIC/2 X Object 1 (T)

57 16 IIIC/2 X S 3 (T)

58 16 IIIC/2 X S(2) 47 each Yes

59 16 IIIC/2 2X Object 1 (T)

60 16 IIIC/2 2X S 3 (T)

61 16 IIIC/2 2X S(2) 47 each Yes



TABLE 4B.. ACTUAL FISH SURVIVAL TESTING CONDITIONS AND RESULTS FOR PARTIAL SCALE FLUHE (6 INCH)

AND 150-FT PARTIAL RETURN PIPE WITH DISCHARGE AT -35 FT.

TEST CONDITIONS FISH SURVIVAL RESULTS

TEST

DATE

TEST

NO.

FISH WATER

SPECIES TEMP.

(C)

FLOW

RATE

(Rpmo)

VEGETATION/

DEBRIS

ADDED

NO.

FISH

TESTED

HOLDING

PERIOD

(Hourg)

NO. FISH AT END OF

HOLDING PERIOD

ALIVE DEAD STUNNED

ADJUSTED( 11)

PERCENT

MORTALITY

1D/13/89

10/13/69

10/13/89

10/13/69

52 W. Perch 8.0

Control W. Porch 8.0

52 S. Baus 8.0

Control S. Bans 8.0

58 G. Shiner 8.0

Control G. Shiner 8.0

56 Alewife. 8.0

Control Alewife 8.0

250 Yes

250 Yes

250 Yes

250 Yes

20

20

49

50

49

50

96

96

96

96

96

96

15

16

47

48

48

48

5

4

2
2

1

2

0

0

"0

0

0

0

6.3

4.9 96

50 96

42 7 -0

43 7 0

0.3



TABLE 5A. PROPOSED FISH SURVIVAL TESTING CONDITIONS FOR FULL SCALE
FLUME (12 INCH) WITH DISCHARGE AT -1 FT.

TEST PROPOSAL 2 3 4
NO. DAY OBJ/TASK FLOW SPECIES NUMBER CONTROL 5

62 17 IV/7 X H(2) 50 each Yes

63 17 IV/8 2X H(2) 50 each Yes

64 18 IV/9 X S(2) 50 each Yes

65 18 IV/9 2X S(2) 50 each Yes



TABLE 5B. ACTUAL FISH SURVIVAL TESTING CONDITIONS AND RESULTS FOR FULL SCALE FLUME (10 INCH)
WITH DISCHARGE AT -1 FT.

(No tests conducted)



TABLE 6A. PROPOSED FISH SURVIVAL TESTING CONDITIONS FOR FULL SCALE
FLUME (12 INCH) AND 20 FT FULL SCALE RETURN PIPE WITH
DISCHARGE AT -1 FT.

TEST PROPOSAL 2 E CNR
NO., DAY OBJ/TASI FLOW SPECIES 3 NUMBER CONTROL

66

67

68

69

70

71

72

73

74

75

76

77

19

19

19

19

19

19

20

20

20

20

20

20

VA/ 3

VA/3

VA/4

VA/5

VA/5

VA/5

VA/6

VA/ 6

VA/6

VA/ 6

VA/6

VA/ 6

x

2X

2X

2X

x
2X

2X

2X

2X

Object

H

H(2)

Object

H

H(2)

Object

S

S(2)

Object

S

S(2)

1 (T)

3 (T)

47 each

1 (T)

3 (T)

47 each

1 (T)

3 (T)

47 each

1 (T)

3 (T)

47, each

Yes

Yes

Yes

Yes



TABLE 6B. ACTUAL FISH SURVIVAL TESTING CONDITIONS AND RESULTS FOR FULL SCALE FLU•E (C0 INCH)

AND 30-FT PARTIAL RETURN PIPE WITH DISCHARGE AT -i FT.

TEST CONDITIONS FISH SURVIVAL RESULTS

TEST

DATE

TEST

NO.

FISH WATER

SPECIES TEMP.

(C)

FLO

RATE

(ai-)

VEGETATION/

DEBRIS

ADDED

NO.

FISH

TESTED

HOLDING NO. FISH AT END OF ADJUSTED

PERIOD HOLDING PERIOD PERCZNT

(Hours) ALIVE DEAD STUNNED MORTALITY

01/18/90 65 W. Perch 1.5 700 No 50 24 44 6 0 0

ConLrol W. Perch 1.5 50 24 44 6 0



TABLE 7A. PROPOSED FISH SURVIVAL TESTING CONDITIONS FOR FULL SCALE
FLUKE (12 INCH) AND FULL SCALE 150' RETURN PIPE WITH
DISCHARGE AT -1 FT.

TEST PROPOSAL 2 3 4 ADD 6 96 HOUR 7
NO. DAY OBJ/TASK FLOW SPECIES NUMBER CONTROL DEBRIS SURVIVAL

78 K21 VB/2 X Object 1 (T)
79 21 VB/2 X H 3 (T)
80 21 VB/2 X H(2) 47 each Yes
81 21 VB/2 X H(2) 50 each Yes Yes

82 22 VB/3 2X Object 1 (T)
83 22 VB/3 2X H 3 (T)
84 22 VB/3 2X H(2) 47 each Yes
85 23 VB/3 2X H(2) 50 each Yes Yes

86 '24 VB/4 X Object 1 (T)
87 24 VB/4 X S 3 (T)

.88 24 VB/4 X S(2) 47 each Yes
89 24 VB/4 X S(2) 50 each Yes Yes

90 25 VB/5 2X Object 1 (T)
91 25 VB/5 2X S 3 (T)
92 25 VB/5 2X S(2) 47 each Yes
93 26 VB/5 2X S(2) 50 each Yes Yes

94 27 VB/6 X Object 1 (T) Yes
95 27 VB/6 X H 3 (T) Yes
96 27 VB/6 X H(2) 47 each Yes Yes
97 27 VB/6 2X Object 1 (T) Yes
98 27 VB/6 2X H 3 (T) Yes
99 27 VB/6 2X H(2) 47 each Yes Yes

100 28 VB/6 X Object 1 (T) Yes
101 28 VB/6 X H 3 (T) Yes
102 28 VB/6 x K H(2) 47 each Yes Yes
103 28 VB/6 2X Object 1 (T) Yes
104 28 VB/6 2X H 3 (T) Yes
105 28 VB/6 2X 11(2) 47 each Yes Yes



TABLE 7B. ACTUAL FISH SURVIVAL TEST1iNG CONDITIONS AND RESULTS FOR FULL SCALE FLUME (10 INCH)

AND 150-F7. FULL SCALE RETURN PIPE WITH DISCHARGE AT -1 FT.

TEST CONDITIONS FISH SURVIVAL RESULTS

TEST

DATE

TEST FISH WATER

NO. SPECIES TEMP.

(C)

FLOW

RATE

VEGETATION/

DEBRIS

ADDED

NO.
FISH

TESTED

HOLDING
PERIOD

(Hours)

NO. FISH AT END OF

HOLDING PERIOD

ALIVE DEAD STUNNED

ADJUSTED(01)

PERCENT

MORTALITY

12/19/89 8a A. Tomcod 4.0 1000 No 50 24 50 0 a 0

Control A. Tomcod 4.0 50 24 50 0 0

12/19/89 85 W. Parch 4.0 1000 No 30(a) 24 47 2 0 2.1

Control W. Perch 4.0 50 24 49 1 0

(a) One fish was lost during Lhe holdins period



TABLE 8A. PROPOSED FISH SURVIVAL TESTING CONDITIONS FOR FULL SCALE
FLUME (12 INCH) AND 150' RETURN PIPE WITH DISCHARGE
AT -35 FT.

TEST PROPOSAL 4 '
NO. DAY, OBJ/TASK FLOW SPECIES NUMBER' CONTROL

106 29 VC/2 X Object 1 (T)

107 -29 VC/2 X H 3 (T)

108 29 VC/2 X H(2) 47 each Yes

109 29 VC/2 2X Object 1 (T)

110 29 VC/2 2X H 3 (T)

111 29 VC/2' 2X 112) 47 each Yes

112 30 VC/2 X Object 1 (T)

113 30 VC/2 X S 3 (T)

114 30 VC/2 X S(2) 47 each Yes

115 30 VC/2 2X Object 1 (T)

116 30 VC/2 2X S 3, (T)

117 30 VC/2 2X S(2) 47 each Yes



TABLE 86. ACTUAL FISH SURVIVAL TESTING CONDITIONS AND RESULTS FOR FULL SCALE FLUME (10 INCH)

AND 150-FT FULL SCALE RETURN PIPE WITH DISCHARGE AT -35 FT.

TEST CONDITIONS FISH SUFRVIVAL RESULTS

TEST

DATE

TEST

NO.
FISH WATER

SPECIES TDEP.

(C)

FLOW

RATE

egpa)

VEGETATION/ HO.

DEBRIS FISH

ADDED TESTED

HOLDING

PERIOD

(Houzs)

NO. FISH AT END OF

HOLDING PERIOD

ALIVE DEAD STUNNED

ADJUSTED( 1)

PERCENT

MORTALITY

12/05/89 114 G. Shiner 8.0 500 No

12/05/89 108 W. Perch 8.0 500 No

50 24 50 0 0

50 24 50 0 0

50 24 50 0 0

50 24 50 0 0

12/11/89 317 G. Shiner 7.0 1000

12/11/89 117 W. Perch 7.0 1000

No

No

01/04/90(9) 108 W. Perch 1.0

ConLrol W. Perch 1.0

01/04/90(9) 114 G. Shiner 1.0

Control G. Shiner 1.0

01/05/90(9) 111 W. Perch 1.0

Control W. Porch 1.0

01/05/90(9) 117 G. Shiner 1.0

ConLrol G. Shiner 1.0

01/10/90(9) 114 G. Shinae 1.0

Control G. Shiner 1.0

01/10/90(9) 108 W. Perch 1.0

Control W. Perch 1.0

500 Yes

500 yes

44 96

26(e) 96

23 95

24(a) 96

1000

1000

Yes

Yes

50

50

30

50

34

50

41

50

96

96

96

96

48

48

3

13

23

24

12

38

30

50

34

50

8

45

41
13

0

0

38

12

0

0

0
0

0

0

0

0

0

0

0

0

0

0

68.4

86.4

500 No 0
0

0

5So No 33

S

78.3
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Table 8B. (Cont.)

TEST CONDITIONS FISH StIRVIVAL RESULTS

TEST

DATE

TEST

NO.

FISH WATER

SPECIES TEMP.

(C)

FLOW

3ATE

(spm)

VEGETATION/ No. HOLDING

DEBRIS FISH PERIOD

ADDED TESTED (Hours)

NO. FISH AT END OF

HOLDING PERIOD

ADJUSTED (11)

PERCENT

ALIVE DEAD STUNNED MORTALITY

01/10/90(9) 108 W. Perch 1.0

Control W. Parch 1.0

01/10/90(9) 114 0. Shiner 1.0

Control G. Shiner 1.0

1000

1000

500

1000

500

1000

No

No

No

No

No

No

01/18/90(10)

01/18/90(10)

114

117

Control

108

111
Control

G.

G.

G.

W.

W.

W.

Shiner

Shiner

Shiner

Parch

Perch

Parch

1.5

1.5

1.5

1.5

1.5

1.5

38

50

26

50

51

50(b)

50

50

49

so

48

48

48

48

24

24

24

24

24

2A

23

44

25

50

51

49

49

45'

46

44

6

1

0

0

0
1

5

4

6

0

0

0

0

0
a
0

0

0
0

31.2

3.B

0

0

0

0

(a) A hole was found in the netting

fish during the holdin8 period.

initially held to represent the

of the case for control fish from 01/04/90 which permitted escapement of control

The number of fish In the control cage is adjusted downward from the 50 fish

total number found in the control case at the *nd of the holding period.

(b) One fish was lost during the holding period.



TABLE 8C. ACTUAL FISH SURVIVAL TESTING CONDITIONS AND RESULTS FOR FULL SCALE FLUME (10 INCH)

AND 250-FT FULL SCALE RETURN PIPE WITH DISCHARGE AT -35 FT.

TEST CONDITIONS FISH SURVIVAL RESULTS

TEST

DATE

TEST

NO.

FISH WATER

SPECIES TEMP.

(C)

FLOW

RATE

(&p2o)

VEGETATION/

DEBRIS

ADDED

O.

FISH

TESTED

HOLDING

PERIOD

(Hours)

NO. FISH AT END OF

HOLDING PERIOD

ADJUSTED(11)

PERCENT

ALIVE DEAD STUNNED MORTALITY

01/19/90(10) 114 G. Shiner

117 G. Shiner

Control 0. Shiner

01/19/90100) 108
111

Control

01/24/90 114

117

Control

01/24/90 108

111

Control

01/29/90 1124

117

Control

01/29/90 108

111

Control

W. Porch

W. Perch

W. Perch

G. Shiner

G. Shiner

G. Shiner

W. Parch

W. Perch

W. Perch

G. Shiner

G. Shiner

G. Shiner

A. Tomcod

A. Tomcod

A. Tomicod

1.5

1.5

1.5

1.5

1.5

1.5

4.0

4.0

4.0

4.0

4.0

4.0

3.0

3.0

3.0

3.0

3.0

3.0

500

1000

500

1000

500

1000

500

1000

500

1000

500

1000

No

No

No

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

50

50

50

50

50

50

50(a)

so

5O

50

50

50

50

50

50

40

40

40

96

98

96

96

96

96

120

120

120

120

120

120

96

96

96

96

96

96

50

50

50

30

26

26

48

49

50

39

25

26

45

47

49

39

38

39

0

0

0

20

24

24

0

1

0

11

25

24

5

3

1

1

2

1

0

0

0

0

0
2.0

0

3.8

8.2

4.1

0

2.6

(a) Two fish were lost during the holdin& period.



Table 9. Transit time for fish and inanimate objects under various test conditions.

DATE
MM DD

PIPE
DIAMETER

YY INCHES

TEST
LENGTH
FEET

DISCHARGE
DEPTH
FEET

TEST FLOW RATE
GALLONS PER MINUTE

TRANSIT
TIME
SECONDS

TESTED
ITEM

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
12
12
12
12

13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
24
11
11

19
19

89
89
89
89
89
89
89
89
89
89
89
89
89
89
89
89
89
89
89
89
89
89
89
89
89
89

6
6
6
6
6
6
6

6
6
6
6
6
6
6
6
6
6
6
6
6
6

10
10
10
10

150
150
150
150
150
150

20
20
20
20
20
20
20
20
20
20
20
20
20
20
20

150
150
150
150
150

-33
-33
-33
-33
-33
-33
-12
-12
-12
-12
-12
-12
-12
-12
-12
-12
-12
-12
-12
-12
-12
- 1
- 1
- 1

- 1

250
250
250
250
250
250
200
250
200
250
250
200
250
200
250
200
250
200
250
200
250
440

1000
1000
1000
1000

59-80
58-103
108
56-90
53-87
Ill
35
21
48
41
80
180+
45
Floated pipe
27
No
45
No
103
No
No
39-60
40-160
40-90
38-85
36-80

Golden shiner
White perch
Eel grass
White perch
Striped bass
Empty styro cup
Empty styro cup
Empty styro cup
Covered empty styro cup
Covered empty styro cup
Covered empty styro cup

2 liter bottle 1/2 full
2 liter bottle 1/2 full
2 liter bottle empty
2 liter bottle empty
Light bulb
Light bulb
1 liter bottle 1/2 full
1 liter bottle 1/2 full
1 liter bottle empty
1 liter bottle empty
Alewife, golden shiner
Golden shiner
White perch
Tomcod
White Perch
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Table 9 (cont.)

DATE

MM DD

PIPE
DIAMETER

YY INCHES

TEST
LENGTH
FEET

DISCHARGE
DEPTH
FEET

TEST FLOW RATE
GATLLONS PI1R M'TM1TV•

TRANSIT
TIME TESTED

FEE FEET' ~T'~

01 04 90

01 05 90

01 05 90

01
01
01
01
01
01
01
01
01
01
01
01
01
01--
01

10
10
10
10
10
18
18
18
18
18
19
19
19
19
19

90
90
90
90
90
90
90
90
90
90
90
90
90
90
90

10

10

10

10
10
10
10
10
10
10
10
10
10
10-
10
10
10
10

150

150

150

150
150
150
150
150
150
150
150
150

30
250
250
250
250
250

-35

-35

-35

-35
-35
-35
-35
-35
-35
-35
-35

.- 35
-,1
-35
-35
-35
-35
-35

500

1000

500 65 minimum(a)

500
500

1000
1000
1000
500
500

1000
1000

700
500
500
500

1000
1000

65-115

.105-167

92
100
65
67
139
72-180
72-180

48-70
47-75
18-24
113-305
132-217
•157
78-135
76-104

Golden shiner
White perch
Debris
Golden shiner
White perch
Debris
Golden shiner
White perch
Golden shiner
White perch
Golden shiner
White perch
Empty 16 oz. bottle
Golden shiner
White perch
Golden shiner
White perch
White perch
Golden shiner
White perch
1/2 full 16 oz. bottle
Golden shiner
White perch

(a) Maxim•um transit time could not be determined due to low visibility..



TABLE 10. FREQUENCY OF TIlE OF TRANSIT FOR GOL.DEN SNINES, WHITE PERCH AND ATLANTIC TMCM AT 500 AND ,000 GPM

TNROUGH THE 150 A)D .50 FT RETUR• PIPES DISCHARGED AT -35 FT

500 Go P,0ODD GPIM

TlE 350 FT RETUR PIPE 250 FT RETURN PIPE 250 FT RETURN PIPE 250 FT REURN PIPE

PERIM GOLDEN ITE .OLDMEN WHITE ATLANTIC GOLDEN WHITE GOLDEN WHITE ATLANTIC

(SECONDS) SHINERS PERCH SHlIERS PERC. T.11C SHINERS PERCH SHINERS PERCH T"KCOD

0- 1S
16- 30
31- 45
46- 60
61- 75
76- 90
91-105

306-120
221-135
136-350
15]-165
166-180
281-195
296-210
211-225
226-240
241-255
Z26-270
271 -285
286-300
301-315
316-330
331-345
346-360
361-375
376-390
392-405
406-420

3
3
6

20
31

7
7
3

44
6

46
4

3
23
16
3
4
2

20
23
4
3

45
5

1
3
3

15

lo
71

I
6
5

7
3
8
4
4
4

2
2

I
1.5

16
8
4
S
1

5
I
5

3
4
1
D
z
z
D

2
32
2
3
1
2
3
2
0
2

a31

HEMN
50

124.7
50

109.5
50

200.9
50

163.7
40

234.3
5o
56.3

s0
53.0

50
95.7

5o
83.3

40
103.2

STANDARD
ERROR 3.90 Z. 24. 6.80 2.82 25.37 0.70 0.60 1.84, 0.79 3.09



TABLE 11. CALCULATED WATER VELOCITIES IN THE PROTOTYPE RISTROPH SCREEN FISH RETURN SYSTEM

CALCULATED DEPTH OF FLOW CALCULATED AVERAGE VELOCITY TOTAL
PIPE (in) (ft/sec) TIME-OF

FLOW DIAMETER TRAVEL
(gal/min) (in) SECTION I SECTION 2 SECTION 3 SECTION 1 SECTION 2 SECTION 3 (see)

250 6 2.30 1.38 6.0 8.0 16.3 2.8 64
400 6 3.00 1.74 6.0 9.0 18.6 4.5 42
500 10 2.70 1.62 10.0 9.3 18.2 2.1 84
700 10 3.28 1.98 10.0 10.3 20.0 2.9 60

1000 10 3.86 2.33 10.0 11.3 22.2 4. 1 42

asection 1 = Flume between elevation 18' 10" and 15'

bSection 2 = Flume between elevation 15' and -1 -

CSection 3 = Return pipe
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Abstract

Aquatec conducted a dye tracer study in two phases to

determine to what extent water released from various points
along two proposed fish return pipe routes at the Indian
Point Nuclear generating Station would enter the Unit 2 and

Unit 3 intakes. The proposed route for the Unit 3 return

pipe originates at the northwest corner of the common dis-
charge canal and lies perpendicular to the shore south of the
Unit 3 intake. The Unit 2 route lies perpendicular to the

shore north of Unit 2. The study was conducted for two cir-

culating flow conditions. During Phase I, six circulating
water pumps were operating at full capacity at each intake.

During Phase II. six circulating pumps were operating at 60%

capacity at Unit 3 and four to six pumps were at 60% capacity
at Unit 2.

During each phase, a tracer solution was released at

five points along the Unit 3 route, four points along the

Unit 2 route, and at an additional point lying 75 feet south
of the discharge canal along a line defined by the western-
most wall of the canal. Tracer concentrations were measured

at the individual discharges of Units 2 and 3 and in the com-

mon discharge canal to determine the amount of tracer re-
turned to each unit.

The data collected indicate that the highest rates of

tracer return flow to each unit result from releases along

their respective routes. However, releases from the Unit 2

route resulted in the highest overall rate . of return to the

intakes.

While the amount of tracer returned from points along

the Unit 2 route shoved a strong inverse relationship to dis-

tance from shore in both phases, the return rates from points

along the Unit 3 route had no obvious relationship to dis-

tance from shore.

The release from the point south of the discharge canal

resulted in the lowest overall return flow rate for the dura-
tion of the return periods studied during each phase.

1. Introduction

Consolidated Edison and the New York Power Authority plan to in-

stall modified Ristroph traveling screen systems at Units 2 and 3 re-

spectively of the Indian Point Nuclear Generating Station. Each sys-

tem will include pipes for returning fish and debris from the screens
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back to the Hudson River. Routes for the pipes have been proposed.

The proposed Unit 2 route lies perpendicular to the shore at 145 feet

north of the center of the Unit 2 intake structure. The proposed Unit

3 route originates at the northwest corner of the common discharge ca-

nal and lies perpendicular to the shore at 265 feet south of the Unit

3,2 intake structure.

The purpose of the study was to determine to what extent water re-

leased from several points lying along the proposed pipe routes would

enter the Unit 2 and Unit 3 intakes during each of two operational

modes of the circulating water systems. A solution of Rhodamine WT

fluorescent dye was released from each of the study points at a con-

stant rate for a duration of one tidal cycle per point. All releases

were initiated at the approximate occurrence of low water. Each re-

lease cycle was preceded by and followed by at least one cycle during

which no dye was released. Fluorescence and temperature were measured

continuously at each unit's discharge and digitally recorded at a rate

of once per minute. During Phase I, each unit's circulating water

system was pumping water from and returning it to the Hudson River at

a nominally constant rate of 840,000 gallons per minute (gpm). During

Phase II, the Unit 3 circulating water system was pumping about

504,000 gpm, and the Unit 2 circulating water system pumped from

336,000 to 504,000 gpm. Service water flow rate was 30,000 gpm for

each unit during Phase I and for Unit 3 during Phase II; service water

flow was 15,000 gpm for Unit 2 during Phase II.

Four points along the Unit 2 route and five points along the Unit

3 route were studied. The points along the Unit 2 route were at 60,

110, 160 and 210 feet from the shore at low water. The points along

the Unit 3 route were at 0, 10, 60, 110 and 160 feet from the north-

west corner of the discharge canal. An additional point referred to

as the,"Alternate" point lay 75 feet south of the end of the discharge

canal, along the line defined by the western-most wall of the canal.

All points were five feet from the bottom of the river. See Figure 1

for approximate locations of all the release points.
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2. Xethods

2.1 Dye Release

A twenty percent solution of Rhodamine WT fluorescent dye was

pumped at a constant rate of approximately 1.44 kg/hr from a five-

gallon plastic bucket using a Liquid Metronics, Inc. (12I) fluid me-

tering pump during Phase I, and at a rate of approximately 0.90 kg/hr

during Phase II. Dye was released at a lower rate during Phase II to

compensate for the reduced circulating water flow rate at that time

(about sixty percent of the Phase I flow rate). The LI pump dis-

charged the dye solution into a three-quarter inch. diameter flexible

hose carrying river water from a submersible pump to the planned re-

lease point. The significant dilution of the dye solution with river

water in the hose resulted in a discharge solution of density nearly

equal to that of river water at the release point.

The combination of a lap-top computer and an AMD 150-kg electronic

balance continuously weighed the five-gallon bucket of dye solution

and recorded the mass at a rate of at least once every five minutes.

The mass release rate was found to be substantially constant (<71 var-

iation) throughout each release period.

2.2 Fluorometer Calibration

Turner Designs Model 10 fluorometers in flow-through configuration

were used in the study. The fluorometers were calibrated before each

phase of the study using water from the study area.

One hundred liters of water from the discharge canal was collected

into a clean forty-gallon plastic container. The water was circulated

through the fluorometers, each with its own temperature probe, in ser-

ies. Rhodamine dye calibration solution, prepared from the same lot

used in the releases, was added incrementally to the circulating wa-

ter. After each addition of solution, the system was allowed to reach

well-mixed conditions and the scale reading and temperature corres-

ponding to each fluorometer was digitally recorded at a rate of once
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per second for about sixty seconds before the next addition or scale

change. All fluorescence readings were later corrected to a reference

temperature using the equation:

Rc - R exp [.015(Tobs - Tr)] (equation 1)

where;

Rc - Corrected Reading
R - Reading

Tobs - Observed Temperature
Tr - Reference Temperature

The corrected readings for each scale were then linearly regressed

against their corresponding dye concentrations to determine the coef-

ficients (A and B) of the linear equation:

Concentration - A(Rc) + B (equation 2)

which was later used to reduce the fluorescence data measured by the

fluorometers.

2.3 Fluorescence Measurements

Aquatec setup Turner Designs Model 10 fluorometers in flow-through

mode at the discharges of each unit's circulation water system and, as

a backup, at the well-mixed end of the discharge canal (see Figure 1).

Discharge water was pumped through each fluorometer by individual 110

volt submersible or impeller pumps. Water exiting each fluorometer

passed through a temperature cell utilizing a YSI series 700 thermis-

ter before returning to the discharge canal.

Portable IBM PC compatible computers running Aquatec custom data

collection software were used to record the reading and scale of each

fluorometer and the local water temperature from signal conditioning

modules connected to the instruments. Data were recorded at all sta-

tions at a rate of once per minute through the entire duration of each

phase of the study with no significant interruption.
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The internal clocks of all computers were synchronized at the

start of, and checked for clock drift at the end of, each phase of the

study.

2.4 Data Processing

All fluorescence data were converted to equivalent dye concentra-

tion by correcting individual data for temperature (equation 1) and

applying the calibration equation (equation 2) using the appropriate

coefficients. Dye concentrations measured during the ten hour period

preceding the start of each release were averaged to determine back-

ground apparent dye concentration (Cb) for the subsequent release per-

iod.

The probability of return by hour to each unit was calculated for

each of thirteen successive one-hour intervals beginning at the start

of each release. The probability of return associated with a given

hour is defined as the mass of dye entering the unit within that hour

divided by the mass of dye released to the river within the same hour.

The probability of return for each one-hour interval was calculated by

subtracting the background apparent dye concentration from each ob-

served dye concentration within the one-hour interval, numerically in-

tegrating the background-corrected dye concentration over the one-hour

interval, multiplying the time-integrated concentration by the volume

flow rate of water through the circulating water system, and dividing

by the mass of dye released to the river during the same hour. This

calculation is expressed mathematically as

n

p - 100%Q £ (Ci - Cb)ti/m (equation 3)
i-I

where;

p - the percent probability of return associated with a one-hour
interval

n - the number of observations within the one-hour interval
I - observation number

Ci - dye concentration corresponding to observation I, mass/volume
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Cb - back .ground apparent dye concentration during 10 hour preceding
release, mass/volume

ti- length of time represented by observation i, time
Q- volume flow rate of water through circulating system, volume/

time
m - mass of dye released during the one-hour interval, mass

The calculation was performed using data from each phase of the

study, applying the appropriate flow rates. The one-hour intervals

are defined such that the corresponding time interval among release

periods represent the same portion of the tidal cycle, thus allowing

direct comparison between release points on an hourly basis.

During some conditions, the calculations resulted in probabilities

of return by hour which exceeded unity (>100%). This could result

from the accumulation of dye upstream of an intake during flood and

slack tidal periods and its subsequent return to the intake during ebb

tide, thus adding to the dye which was still being released. Values

greater than one could also be due to. simple recirculation, of water

more than once through the system as dye continued to be added and the

accumulated concentration measured.

An alternative parametric indication of the mass return rate to

the intakes is the Gross Return Rate, which also appears in Table 1

and results from integration of the return concentration over two ti-

dal cycles. Unlike the hourly probabilities of return, the Cross Re-

turn Rate accounts for any dye which may return during the non-release

tidal cycle following the release cycle.

The same phenomena that caused some calculated probabilities of

return by hour to exceed unity would have a similar eff ect on. the cal-

culation of Gross Return Rates, thus resulting in some Gross Return

Rates which also exceed unity.

The Gross Return Rate for a release point was defined as the mass

percentage of all dye released over one tidal cycle which returned to

an intake during a two-cycle period comprised of the release cycle and

the following non-release cycle. Gross return rates were calculated

11



Page 7

for each release point and intake unit by subtracting the background

apparent dye concentration from each dye concentration observed during

the two-cycle period, numerically integrating the background corrected

concentration over the two cycle period, multiplying the time integra-

ted of concentration by the volume flow rate of water through the

unit, and dividing by the total mass of dye released from the point

over the first cycle. The mathematical expression is similar to equa-

tion 3 with n equal to the number of observations in the two-tidal-

cycle period and m equal to the total mass of dye released from the

point.

3. Results

Table 1.1 and 1.2 contain Phase I release data including the start

and end times of each release period, the release rate, and the per-

cent probability of return to each unit for each of thirteen one-hour

intervals beginning at the start of each release period as well as the

gross return rate over 2 tidal cycles. Tables 2.1 and 2.2 contain the

same information for Phase II of the study.

Figures 2 and 13 show the concentration of dye detected at Units 2

and 3 as a function of time for the duration of each study phase while

Figures 3 through 12 and 14 through 23 depict 15 minute average dye

concentrations at each unit during each release period and during the

ten hours preceding the release (background apparent concentration).

The figures are arranged in the chronological order of thereleases.

Because the concentration of dye in the circulating water is a

function of several dynamic variables including the circulating water

flow rate, the dye release rate, and recirculation effects, direct

comparison of dye concentrations between phases and even within a

phase (circulating water flow rate was not constant for Phase II) will

be misleading. The concentration plots are provided primarily to of-

fer an indication of the time distribution of returning dye as affect-

ed by tidal influences.
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The releases fro'm the Unit 3 route, in general, resulted in more

return flow to U nit 3 than to Unit 2. Likewise, the releases from the

Unit 2 route resulted in more return to Unit 2 than to Unit 3. The

amount of dye returned to the Unit 2 intake from releases along the

Unit 2 route decreased as the distance of the dye release point from

shore increased. No other relationships between rate of return and

distance of release point from shore were strongly defined.

The plots and tables indicate that the lowest observed concentra-

tions and probabilities of return to both units under the two flow

conditions studied re sulted from the releases at the Alternate Unit 3

route. It should be noted, however, that dye concentrations observed

at the intakes during the tidal cycle following the release cycle were

greater than those observed during the release cycle.

Figures 8 and 9 show the concentration of dye returning to the

intakes continuing to rise even after the release from the alternate

.Unit 3 route was terminated. The late rise in return concentrations

suggests that water may recirculate from the alternate point to the

intakes on a larger time scale than was observable within the struc-

ture of the present study.

Overall, the highest probabilities of return were derived from ob-

servations at Unit 2 during releases along the Unit 2 route. Return

rates to Unit 2 from the Unit 2 route during*Phase I were an order of

magnitude higher than other return rates.

During Phase 11, with circulating pumps at 60% of capacity, the

Gross Return Rates to Unit 2 from the Unit 2 route dropped to about

one-half their Phase I values. The most dramatic reduction in Gross

Return to Unit 2 was from the point 210 feet from shore along the Unit

2 route. It was also from this point that the most dramatic increase

in Gross Return to Unit 3 occurred.

Additional tidal effects are illustrated by the plots of dye con-

centration at the unit 2 discharge resulting from releases along the
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unit 2 route. In these plots, the dye returned to the unit 2 intake

is distributed bi-modally in time. The bi-modal distribution is a re-

sult of the relative strengths and directions of the naturally occur-

ring currents and the currents induced by the circulating water pumps.

Around the time of low water and low slack, when the current in-

duced by the circulating water pumps is large relative to the natural

currents, a large portion of the dye injected along the Unit 2 route

is drawn into the intakes. During flood tide, natural currents trans-

port the dye upstream, away from the intake, causing less to be en-

trained by the pump-induced currents. As the flood currents lessen, a

significant portion of dye is again entrained by the pump induced cur-

rents and drawn into the intake. During ebb tide, the natural cur-

rents move dye downstream, toward the intakes, thus increasing the

amount of dye which is entrained and enters the intake.

89123E21FEB90
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Figure 23

Tracer Returned To Unit 2 during Phase II
From Unit 2 route, 210 feet from shore
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Table 1.1: Probability of Return by Hour to Unit 2 Intake During Release -- Phase 1

Location Start End Release Hours After Start of Release Gross
Date Time Time Rate Return

Route Station hhm hhnm kg/hr 1 2 3 4 .5 6 7 8 9 10 11 12 13 Rate

3 160 21-Sep-89 1033 2311 0.32 0% 1% 1% 12% 12% 9% 10% 7% 1% 0% 1% 1% 2% 5%

--3 0 23-Sep-89 1305 0157 0.29 1% 1% 1% 1% 6% 15% 7% 4% 3% 2% 2% 2% 2% 6%

3 10 24-Sep-09 1411 0252 0.28 0% 0% 0% 4% 8% 11% 13% 11% 2% 1% 1% 1% 1% 4%
3 60 25-Sep-89 1505 0339 0.28 0% 0% 0% 11% 11% 13% 15% 8% 1% 0% 0% 0% 0% 4%

3 110 26-Sep-89 1556 0423 0.28 0% 0% 0% 4% 12% 11% 17% 13% 4% 1% 2% 3% 1% 5%

3 ALt. 27-Sep-89 1642 0504 0.28 0% 0% 0% 0% 2% 2% 1% 2% 2% 2% 1% 2% 2% 3%

2 160 28-Sep-89 1725 0545 0.29 75% 97% 73% 1% 0% 0% 1% 38% 75% 97% 86% 102% 54% 61%

2 60 29-Sep-89 1806 0620 0.29 80% 115%, 98% 3% 0% 35% 132% 117% 115% 115% 110% 100% 45% 94%

2 110 30-Sep-89 1853 0655 0.27 -92%' 115%; 59% 1% 0% 0% 63% 164% 128% 127% 126% 116% 25% 86%

2 210 01-Oct-89 1920 0634 0.27 0% 0% 55% 9% 0% 3% 12% 60% 121% 74% 3% - - 43%

Table 1.2: Probability of Return by Hour to unit 3 Intake During Release -- Phase I

Location Start End Release Hours After Start of Release Gross
Date Time lime Rate Return

Route Station hhmn hhmra kg/hr 1 2 3 4 5 6 7 8 9 10 11 12 13 Rate

3 160 21-Sep-89 1033 2311 0.32 2% 2% 9% 14% 23% 23% 2 9 14% 1M 0% 2% 3% 4% 12%

3 0 23-Sep-89 1305 0157 0.29 3% 1% 0% 45% 32% 49% 7% 4% 6% 6% 5% 5% 5% 18%

3 10 24-Sep-89 1411 0252 0.28 1% 1% 8% 44% 6% 10% 11% 6% 4% 4% 4% 4% 4% 11%

3 60 25-Sep-89 1505 0339 0.28 1% 1% 43% 18A 16% 15% 13% 2% 1% 0% 3% 3% 4% 10%

3 110 26-Sep-89 1556 0423 0.28 1% 0% 8% 84% 16% 18% 21% 10% 3% 3% 4% 4% 4% 14%
3 Alt. 27-Sep-89 1642 0504 0.28 1% 1% 0% 0% 0% 0% 0% 0% 2% 3% 3% 3% 4% 1%

2 160 28-Sep-89 1725 0545 0.29 2% 1% 0% 0% 0% 0%. 0% % 5% 5% 13% 6% 6%
2 60 29-Sep-89 1876 0620 0.29 2% 1% 0% 0% 0% 0% 0 % 1 3% 5% 3% 3% 26%
2 110 30-Sep-89 1853 0655 0.27 1% 0% 0% 0% 0% 0% 0% 4% 5% 8% 6% 4% 3%

2 210 01-Oct-89 1920 0634 0.27 10% ' 17% 19% 0% 0% 0% 0% 1% 14% 15% 14% 11%

- Value not defined



Table 2.1: Probability of Return by Hour to Unit 2 Intake During Release -- Phase II

Location Start End Release Hours After Start of Release Gross

Date Time Time Rate Return

Route Station hhmm hhm kg/hr 1 2 3 4 5 6 7 8 9 10 11 12 13 Rate

3 160 10-Nov-89 1445 0259 0.17 0% 0% 0% 5% 20% 26% 11% 5% 3% 2% 1% 1% 0% 7%

3 0 11-Nov-89 1605 0346 0.18 0% 0% 1% 9% 9% 8% 4% 1% 0% 0% 0% 0% 0% 2%

3 10 12-Nov-89 1630 0436 0.18 0% 0% 0% 1% 12% 12% 10% 4% 2% 1% 0% 0% 0% 3%

3 60 13-Nov-89 1722 0524 0.17 0% 0% 0% 14% 14% 11% 13% 5% 3% 3% 2% 1% 0% 5%

3 110 14-Nov-89 1813 0614 0.18 0% 0% 0% 8% 27% 21% 8% 4% 3% 2% 1% 0% 0% 4%

3 Alt. 15-Nov-89 1903 0703 0.19 0% 0% 0% 1% 3% 2% 1% 1% 1% 0% 0% 0% 0% 1%

12 160 16-Nov-89 1956 0756 0.18 31% 46% 31% 14% 4% 2% 0% 71% 54% 93% 83% 85% 29% 44%

2 60 17-Nov-89 2048 0953 0.16 23% 56% 57% 5% 4% 0% 0% 45% 159% 114% 83% 86% 58% 52%

2 110 18-Nov-89 2147 1002 0.17 39% 49% 56% 21% 18% 2% 0% 0% 89% 66% 78% 80% 44% 46%

2 210 19-Nov-89 2252 1116 0.18 5% 45% 37% 5%. 2% 1% 0% 26% 14% 9% 4% 3% 4% 13%

Table 2.2: Probability of Return by Hour to Unit 3 Intake During Release -- Phase II

Location ]Start End Releasef Hours Aft er Start of Release

Route Station
Date Iime

hhi
iimehhmmn Kate

kg/hr 1 2 3 4 5 6 7 8 9 10 11 12 13

hhnmi 1 2 3 4 5 6 7 8 9 10 11 12 13

3
3.
3
3
3
3
2
2
2
2

160
0

10
60

110
Alt.

160
60

110
210

10-Nov-89
11-NOV-89
12-Nov-89
13-Nov-89
14-Nov-89
15-Nov-89
16-Nov-89
17-Nov-89
18-Nov-89
19-Nov-89

1445
1605
1630
1722
1813
1903
1956
2048
2147
2252

0259
0346
0436
0524
0614
0703
0756
0953
1002
1116

0.17
0.18
0.18
0.17
0.18
0.19
0.18
0.16
0.17
0.18

0% 0% 0% 42% 32% 39% 28% 11% 3% 1% 1% 1% 0%
0% 0% 60% 23% 16% 19% 6% 1% 0% 0% 0% O 0%

N/D 0% OX 55% 15% 13% 38% 6% 2% "1% 1% 12% 9%
0% 0% 46% 38% 44% 26% 22% 4% 0% OX 0% 0% 0%
0% 0% 2% 62% 51% 61%- 32% 5% 1% 0% 0% 0% 0%
0% 0% 0% 4% 1% 0% 0% 0% 1% 0% 0% 0% 0%
5% 12% 14% 4% 1% 0% 0% 0% 43% 22% 18% 13% 5%
4% 15% 11% 11% 0% 0% 0% 0% 12% 13% 3% 6% 14%
5% 14% 16% .4% 0% 0% 0% 0% 7% 35% 18% 18% 10%

15% 24% 13% 0% 0% 0% 0% 36% 52% 11% 7% 36%. 32%

NiD = No data available
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Tracer Dye Recirculation Results, Phase I
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Figure 3

Tracer Returned To Unit, 2 during Phase I
From Unit 3 route, 160 feeL from discharge canal
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Tracer Returned To Unit-2 during Phase I
From Unit 3 route, 0 feet from discharge canal
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t-igure 5

Tracer Returned To
From Unit 3 route,

Unit 2 during Phase I
10 feet from discharge canal
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Figure 6

Tracer Returned To Unit 2 during Phase I
From Unit 3 route, 60 feet from discharge canal
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Figure 7

Tracer Returned To
From Unit 3 route,

Unit 2 during Phase I
110 feet from discharge canal
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rigure o

Tracer Returned To Unit 2 during Phase I
From Unit 3 alternate route
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Figure 9

Tracer Returned To
From Unit 2 route,

Unit 2 during Phas~e I
160 feet from shore
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Figure 10

Tracer Returned To Unit 2 during Phase I
From Unit 2 route, 60 feet from shore
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t-igure 11

Tracer Returned To Unit 2 during Phase I
From Unit 2 route, 110 feet from shore
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rigure i1

Tracer Returned To Unit 2 during Phase I
From Unit 2 route, 210 feet from shore
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Tracer Dye Recirculation Results, Phase II
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Figure 14

.Tracer Returned To Unit 2 during Phase 11
From Unit 3 route, 160 feet from discharge canal
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Figure 15

Tracer Returned To Unit 2 during Phas.e 11
From Unit 3 route, 0 feet from discharge canal
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Figure 16

Tracer Returned To Unit 2 during Phase II
From Unit 3 route, 10 feet from discharge canal
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Figure 17

Tracer Returned To Unit 2 during Phase II
From Unit 3 route, 60 feet from discharge ,canal
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Figure 18

Tracer Returned To Unit 2 during Phase II
From Unit 3 route, 110 feet from discharge canal
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Figure 19

Tracer Returned To Unit 2 during Phase 11
From Unit 3 alternate route
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Figure 20

Tracer Returned To
From Unit 2 route,

'Unit 2 during Phas~e 11
160 feet from shore
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Figure 21

Tracer Returned To -Unit 2 during Phas-e
From Unit 2 route, 60 feet from shore
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Figure 22

Tracer Returned To
From Unit 2 route,

Unit. 2 during.Phas~e 11
110 feet from shore
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BIOLOGICAL EVALUATION OF' A RISTROPH SCREEN
AT INDIAN POINT UNIT 2

Prepared by:
Office of Environmental Affairs

Consolidated Edison Company of New York, Inc.

(June 1985)



EXECUTIVE _SUMMARY

Con Edison commenced a study of the mechanical Arnd biologi-

cal .effectiveness of a Ristroph-modified vertical travelling

screen installed in one intake forebay at Indian Point Unit.2 in

January 1985. This study was performed pursuant to the agreement.

of the -parties to the Hudson River Settlement Agreement reached

at a meeting held on* September' 12., '1984. The. purpose' of the

study was to,.evaluate the efficacy of installing such screens at

all intakes of the Indian Point facility in furtherance of the

parties' obligations under Section 2.F.3 of the, Settlement

Agreement. The biological. part of the study was conducted *by

Normandeau Associates of Bedford, New Hampshire under contract to

Con Edison, using funds provided for in Section 2.F. of 'the

Agreement. Company personnel were closely involved in, all phases

of the study.

The specific objectives of the biological studies were to.
evaluate the po st- impingement survival of fish, and determine

whether installing .the screens inside the intake forebay would

increase the number of fish. impinged relative to the numbers

impinged on a screen installed at the intake bay, entrance.

'Installation of the screens at the present, slightly recessed

position could be accomplished much more, rapidly and .at lower

cost than installation at the entrance to the intakes.

Studies began on, 'January 16, 1985, the day after installa-

tion of the screen was completed (January 15, 1985). Data

collection continued through April 19, 1985. The, effec~tiveness

of a Ristroph screen in reducing the numbers of fish killed by

impingement was e valuated by determining the percentage of

impinged fish which survived for up to 96 hours after collection

from the. screen.. At the time, of initial collection, fish were

categorized as live .(and undamaged) , damaged (but alive) and

dead. Live fish (both damaged, and undamaged) were then

i



transferred to aquaria and observed for 96 hours after which they

were again classified as alive, damaged or dead.

Survival was calculated by three different methods which

differed only in whether fish in the damaged category were

considered to be alive or dead. In the method ordinarily used to

report results of studies such as these, fish disoriented or

showing evidence of trauma are considered to be survivors if they

are alive after an extended holding period. In an extremely

conservative approach fish which show any evidence of damage,

even brief disorientation, are considered to be dead. An inter-

mediately conservative approach assumes that only those fish

which continue to show evidence of damage after 96 hours would be

likely to die. Sinc e most fish which were damaged at the time of

collection either died or were fully recovered after 96 hours,

few differences exist between estimates based on the standard and

the intermediately conservative approaches.

The results of the survival tests demonstrated that Ris-

troph-modified screens will substantially reduce the numbers of

fish killed by impingement at Indian Point. Ten species of fish

were collected in adequate numbers to evaluate survival. Sur-

vival ranged from approximately 11% (alewife) to 100% (tesselated

darter) after 96 hours when derived by the standard method, and

from 0% (red hake) to 100% (tesselated darter) when derived by

the most conservative method. For seven of the ten species

survival exceeded 70% when calculated by the standard method;

four of ten exceeded 70% when calculated by the most conservative

method.

In a report prepared by Con Edison and the Power Authority

in August 1984, survival rates which could be expected if Rist-

roph screens were installed were projected for the 10 species

impinged in greatest numbers at Indian Point. Of those, f ive

were evaluated during these studies. The results obtained for

those five species during the period January through April are

ii



consistent with achieving the levels of annual survival that were

projected for them. For white perch, striped bass and rainbow

smelt a substantial proportion. of the total annual impingement

occurs during the period January through April, and the survival

rates derived from the intermediately conservative method -of

66.1%, 68.6% and. 85.7%, respectively, can be compared with the

projected survival 'rates for them for this period of approxi-

.mately 58%, 61% and 40%, respectively. For. alewife andAtlantic

tomcod, less than 1% of the total annual impingement occurs~ from

January through April, and the -survival rates attained during

this period have little influence on the annual projections.

Conditions of this study precluded any attempts to optimize

.screen operating characteristics to'maximize survival. Improve-

ments in survival rates over those observed during this study can

be achieved by modifying settings and operating conditions for

the low pressure spray wash system, 'screen travel speeds and the

fish sluice flap seal.

In order to determine whether more fish would be impinged if

the Ristroph screens were installed inside the intake bays rather

than across the entrance, comparisons were made between the rates

of fish impingement (fish/hr) on the Ristroph screen and rates of

fish impingement 'on a fixed (nonrotating) screen installed at the

entrance to the same forebay.' On alternate days the fixed screen

was either lowered into position across the entrance to the bay

or blocked up out of the water to allow fish to move freely into

and out of the bay. On those days when the f ixed screen was

lowered fish were impinged on it; on days when the fixed screen

was up fish were impinged on the Ristroph screen. Fish impinged

on the fixed screen were generally collected twice during the 24

hour period, once at the midway point and once at the end. Fish

were collected by raising-the screen and washing the fish and

debris of f with a h igh pressure spray. Fish and debris which

fell back into the water were carried into the forebay by the

flow of waters into the intake and subsequently collected from
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the Ristroph screen. Fish impinged on the continuously rotating

Ristroph screen were collected more frequently but on a schedule

which made it possible to assign them to a 12 hour impingement

period. Since not all of the f ish impinged on either the fixed

or Ristroph screens were successfully collected and the effi-

c iency with which fish were collected differed between screens,

marked dead fish were periodically released in front of the

screens to provide, a basis for adjusting the numbers of fish

collected to better reflect the numbers actually impinged.

Although more fish were collected from the Ristroph screen

than from the fixed screen, the difference cannot be attributed

solely to the difference in their position. 'Biases in the

sampling procedures and the probability that the efficiency with

.which fish were collected from the Ristroph screen was underesti-

mated probably account for much of the difference. When adjust-

ments were made to account for the maximum possible influence of

these factors, 'differences become statistically insignificant.

However, the validity of the assumptions upon which these adjust-

ments were based, remains to be confirmed.
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Section 1

INTRODUCTION

ýIn August 1984, Con*Edison and NYPA issued a report entitled
"@Evaluation of Alternatives- to Angled Screens for Mitigation of

Fish, Impingement at Indian Point," which was prepared at the

request of the Parties to the December 1980 Hudson River Settle-

ment Agreement. That report concluded that among the alter-

natives to angled screens which were considered (Ristroph

screens, horizontal traveling screens, fish diversion systems,

and cylindrical wedge wire screens), only Ristroph modified

screens had been proven to provide effective mitigation of

impingement and acceptable operating performance under environ-

mental and operating conditions similar to those at Indian Point.

The report noted that over 140 Ristroph-type screens had been

installed at 30 water intake facilities, and they had been

approved by U.S.E.P.A. as best' available technology for fish

protection at 24 of the installations.

Results of fish survival studies at five east coast generat-

ing stations at which Ristroph-modified screens were tested

(Salem Nuclear Station, Danskammer Point Generating Station,

Mystic Generating Station, Surry Nuclear Station and Indian Point

Unit 1 Generating Station) were reviewed and utilized to project

fish survival rates that .might be achieved should these type of

screens be installed at Indian Point (Table 1-1). The report

concluded that if state-of-the-art Ristroph screens were instal-

led at Indian Point, 50% or more of the f ish impinged could be

expected to be returned alive to the Hudson. River.

At a September 12, 1984 meeting,' the Settlement Parties

agreed that Ristroph traveling screens were the most viable im-

pingement mitigation alternative available, and approved Con
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E dison's plans to install and test the mechanical reliability of

one Ristroph modified traveling screen at Indian Point Unit 2 (IP_
2) during the winter of 1985. The Parties requested that during

the course of the mechanical evaluation, studies be conducted to

confirm that survival rates for impinged fish on the order pro-

jected in the August report could be achieved and, to determine

whether more fish would be impinged on Ristroph screens if they

were recessed within the intake bay rather than'installed at the

entrance to the intake. Con Edison was asked to report on the

results of the survival and screen position tests and the assess-

ment of the screen system's mechanical acceptability by June

1985.

A study plan was prepared and reviewed with representatives

of NYSDEC, U.S.E.P.,A., and the Hudson River Fishermen's Associa-

tion. Screen installation was completed on January 15, 1985.

Studies began at IP 2 on January 16 and continued through April

19, 1985. Studies were coordinated with the routine impingement

monitoring. program that has been conducted at the Station since

the mid-1970's. The survival of six fish species (white perch,

striped bass, rainbow smelt, white catfish, spottail shiner and

Atlantic tomcod) commonly found in impingement collections at

Indian Point during previous winters (Normande~au Associates

1984a; Con Edison and NYPA 1983; Con Edison and PASNY 1982a,

1982b; Texas Instruments 1974, 1975, 1976, 1977, 1979, 1980a,

1980b) was to be specifically examined. The survival of any

other fish collected in adequate numbers was also to be evalu-

ated.

This report, which is divided into four sections, provides

the results of these studies. Section 2 provides a description

of the test facility, the sampling design, and field and labora-

tory procedures used; sections 3 and 4 contain the results of the

survival and screen location studies, respectively.
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Table 1-1. Projected Survival Rates (Extended) of Selected

Fish Species Collected From Ristroph Modified

Traveling Screens (Con Edison and NYPA, 1984).

Projected Survival Rate

Species(Indian Point 2)

White perch 71%

Atlantic tomcod

Blueback 'herri~ng

Bay anchovy

Striped bass

American shad

Hogchoker

Weakfish

Alewi fe.

Rainbow smelt

40%

23%

10%

61%

25%

95%

35%

13%

30%
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Section 2

TEST FACILITY, SAMPLING DESIGN AND'GENERAL PROCEDURES

Intake Configuration

IP 2 has six intake bays (numbered 21-26) through which

river water is withdrawn for its once-through cooling system.

The standard screening associated with each consists of a 3/8

.inch square mesh fixed screen, flush-mounted at the entrance, a

bar rack (3 inch opening) near the fixed screen, and a conven-

tional traveling screen positioned about 25 feet inside the

entrance (Figure.2-1). Under normal pumping conditions, fish and

debris become impinged upon the fixed screens, which are period-

ically raised and cleaned with a high pressure spray wash system.

When the fixed screen is raised, the wash contents are carried

into the intake to the traveling screens, which subsequently

convey it to a collection pit.

During the test period, the circulating water pump at intake

bay 26 was generally operated at 60% of full flow or 84,000 gpm,

which is the normal operating procedure for the months during

which the study took place. The 60% flow rate through the intake

bay created a cross-sectional approach velocity to the traveling

screen of approximately 0.5 fps. At full flow, the approach

velocity averages approximately 0.9 fps, based on field measure-

ments obtained during July, 1984 (Alden Research Laboratory,,

1984).

Intake 26 was modified by installing a continuously operat-

ing Ristroph-modified traveling screen in place of the conven-

tional traveling screens which are employed at intakes 21-25.

The Ristroph screen was installed at intake bay 26 because of its

immediate proximity to debris'collection pits and available space

for placement of fish collection facilities. In addition, the

end bays (21 and 26) at the intake structure historically had
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accounted for greater numbers of fish than had the more centrally

located bays, and it was statistically desirable to -base the

analyses on the maximum number of fish that any one intake bay

could obtain.

There were three locations considered for placement of the

Ristroph screen: at the entrance to the bay, at the existing bar

rack location, or at the location of the conventional traveling

screen. In order to install the screen at the intake entrance,

substantial structural modifications and a potentially lengthy

permitting process would have been required. Installation at the

position of the existing traveling screen was considered inappro-

priate because intake water flow patterns caused by structures

associated with the new circulating water pumps created a flow of

water back toward the river at the surface. It was believed that

this flow, moving outward through the screen, might dislodge some

fish and debris which would then not be collected and removed

from the intake. Based on these considerations the existing bar

rack location, at which only minor structural changes were

required, was selected. Placement of the Ristroph screen at, this

location resulted in the screen face being located approximately

11 feet inside the intake.

In addition to the Ristroph screen, a specially designed

coarse screen bar rack 0~" bars spaced on 31" centers) and a new

fixed screen were installed at the entrance of intake bay 26 to

accommodate the biological studies. The bar rack was approxi-

mately one foot riverward of the fixed screen and provided

protection from river ice and other heavy floating debris when

the fixed screen was not in place.

The new fixed screen consisted of two panels 14 feet wide

and 17 feet high, unlike the single panel used at the other

intakes. Two panels were used because it was not structurally

feasible to block a single screen in the raised position.' The

two panels were raised and lowered on separate guides, ap-
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proximately 6 inches apart. A rubberized 'flap on the bottom

panel created a seal between the panels in the lowered position.

The screen also was made with mesh of the same dimension as that

used on the Ristroph screen (I x I inch slotted mesh) so that the

vulnerability to impingement would be the same for both screens.

Ristroph Screen

The Ristroph_ screen is a modified vertical traveling screen

consisting of a continuous belt of mesh panels (Figure 2-2). The

lower rail of each panel is formed-as a tray to ho-ld water as the

panel ascends. Impinged fish drop from the mesh into the tray as

it leaves the water and remain there until the panel reaches the

peak of its ascent. As each panel rotates across the top of the

frame, fish are momentarily spilled back onto the mesh, and then

rinsed by a soft spray wash system into a discharge sluice (fish

sluice) containing flowing ambient water. There are two low

pressure spray washes, one located inside, and the other outside

and above the belt of screen baskets (Figure 2-2). Water pres-

sure in each of these washes could be controlled. Normal opera-

ting pressures were 5-10 psi for the outside secondary wash, and

10-15 psi for the inside wash main wash. A 6 inch wide adjus-

table rubber flap. seal was mounted on the edge of the return

sluice to close the space' between it and screen baskets and to

facilitate the transfer of fish-from the screen baskets into the

return sluice.

As the panels descend further, they are subsequently exposed

to a high pressure spray (95 psi) wash which removes most-debris

and any remaining 'fish into a second sluice (debris sluice) which

discharges into a debris collection pit (Figure 2-3). Unlike

conventional traveling screens which are usually operated inter-

mittently (e.g. once per day or when the head loss across the

screen reaches a. certain level), a Ristroph screen is designed

to operate continuously to return impinged fish to the source

water.
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The Ristroph modified traveling screen installed at IP 2 was

ýmanufactured by the Royce Equipment Company, Houston, Texas. The

screen was outfitted with a Ix f inch slotted mesh screen'

material woven to produce a relatively smooth 'surface to reduce

abrasion to fish during impingement and transfer to the return

sluice. This machine has a variable speed drive unit to rotate

the screen at up to 20 feet per minute.. When rotated at that

speed, a fish collected at the bottom of the screen's path

reaches the in-take bay's water surface in less than two minutes.

Fish impinged closer to the surface Are released proportionately

faster.

Fish Collection System

Ancillary facilities were designed to collect all fish

continuously from both the low pressure fish-sluice and the high

pressure'debris-sluice (Figure 2-3). Two tanks 8 feet long by 3

feet wide by 2 feet deep were installed'to 'collect fish from the

fish sluice. A rectangular shaped fiberglass trough (22 inches

wide x 17 inches deep and containing one 9'0* turn'with an approx-

imately 18 inch radius at the trough centerline) transferred the

fish from the. Ristroph screen to these tanks, which were posi-

tioned approximately 19 feet from the screen. ,A diversion gate

was used to transfer the fish to either one or both of these

tanks. A second diversion gate was installed in the trough to

transfer all fish sluice water (and associated fish and debris)

to the main debris collection basins in the-event the fish-sluice

abundance collection tanks could not be used. Debris-sluice wash

water was channeled to one or the other of two screened debris

collection pits. These pits, below the intake deck level, were

approximately 38 inches deep by 5 feet wide by 5.9 feet long.

Study Design

In order to evaluate the effect of screen position on the

number of fish impinged, alternating 24 hour periods were
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established during which the f ixed screen at intake bay 26 was

either lowered to cover the entrance to the intake, or raised and

blocked up out of the water. When the fixed screen was blocked

up, fish could enter the bay and be impinged directly on the'
Ristroph screen. Collections made during, or at the end of,

these intervals are referred to as Ristroph screen collections or

as having been made from the "reesd position. When the fixed

screen was lowered (to again cover the intake), f ish could be

impinged on it. These fish were subsequently collected by

raising and washing this screen so' that they could drift into the

intake bay and then be recovered from the Ristroph screen

(generally within 5 to 10 minutes) . Collections made following

the washing of the fixed screen are referred to as fixed screen

collections or as having been made in the "front position." For

purposes of this study, it was assumed that impingement on the

fixed screen, at ýthe entrance to the intake (i.e. front position

collections) was representative of impingement which would have

occurred if the Ristroph screen had been installed at that point..

It was necessary to establish a sampling design which alter-

nated collections between the front and recessed *locations

frequently because daily impingement at Indian Point is extremely

variable. The fluctuations presumably reflect changes in abund-

ýance of fish near the intakes in response to changes in environ-

mental factors. Periods of many days of very high impingement

may be followed by days or weeks of very low impingement. If the

sampling design consisted of several consecutive days in each

position rather than the alternating 24 hour pattern, which was

used, the occurrence of impingement peaks during a single mode

could bias the results. The selected design (two collections

during each 24 hour period, one approximately 12 hours after the

interval began and the second approximately 12 hours later at the

termination of the interval) was expected to more evenly distri-

bute the high impingement counts, as well as to provide suffic-

ient numbers of discreet sample periods for statistical analyses.
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Screen Collections

*The collections at intake bay 26 consisted of four non-

exclusive categories:

a. recessed position (Ristroph screen)

b. front position (fixed screen)

C. entrapment

d. survival

a. Recessed position

These samples were collected during the periods when

the f ixed screen was blocked in a position above the water

level. The sampling period began as soon as the collection

from the second of the two 12 hour fixed screen washes was

completed. Fish impinged by the Ristroph screen were con-

tinuously washed off into either the fish or the debris

sluice. Each sluice discharged into a separate collection

chamber. Fish in each chamber were periodically removed and

returned to the laboratory for identification and counting.

Debris was removed for disposal in a sanitary landfill.

b. Front position

As the fixed screens were raised, they were washed

using a 2 inch diameter fire hose. The top panel was raised

first and the spray was directed downward so that fish and

debris washed off the screen face dropped into the water in

front of intake bay 26. A fixed spray system which was

directed outwards (i.e., away from the intake) was also used

occasionally to wash fish and debris off the panels as they
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were raised. After the top panel was washed and blocked up,

the bottom panel -was treated in a similar manner. If a

second 12-hour fixed screen sampling interval was to follow,

the two panels were promptly unblocked and lowered into

position u~pon completing-the wash of the bottom panel. If a

24 hour recessed sampling period followed, then both panels

remained blocked up.

The fixed screen wash process took from 15 to 60

minutes depending on the amount of debris on the, screen.

Field personnel collecting the sample monitored the com-

position of the catch and terminated the -sample once it was-

generally apparent that dead fish and debris from -the fixed

screen had ceased to enter the collection areas.

c. Entrapment

During the period that the fixed screen was.-down, fish

continued to be collected from the Ristroph screen. Some of'

these fish were presumably trapped within the forebay at the

time the fixed screen was lowered. Hlowever, some might also

have entered through or around the fixed screens while those

screens were -in place, or entered during' the time when the

fixed screens -were raised to be washed at the end of the

first 12 hours of a front position collection.

There were two entrapment collections of approximately

12 hours each during each 24 hour fixed screen period.

Entrapment collections were completed-immediately before the

fixed screen was raised and washed. Although these fish

were collected during the front position collection inter-

vals they were processed and recorded separately.

At the suggestion of NYSDEC, intensive examinations of

fish impingement on t~he Ristroph screen during front posi-

tion collection intervals were implemented to provide some
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inferential information on the numbers of fish that are

likely to be resident in the forebay. It was also requested

that a similarly intensive examination be conducted once the

fixed screens were raised. Attempts to perform this type of

sampling (intensive was defined as a collection to be made

-every two hours) for 48. hour periods were made on eight

occasions from February 16 to April 18, generally when

abundance was relatively high. However, because of the high

levels of debris in the river it was seldom possible to

leave the fixed screen down without washing for more th-an 12

hours.

d. Survival

These collections were made only when the fixed screens

were blocked up and out of the water. Procedures associated

with this aspect of the study are described in detail in

Section 3.

Collection Efficiency

Collections from the fixed screens at Indian Point Unit 2

are known to underestimate true impingement because not all of

the fish impinged are collected (Con Edison and NYPA, 1983). The

sources of loss are uncertain, but most of the loss is thought to

occur during the screenwash process. As the screen is raised, it

is washed with a high pressure wash system and some of the fish

and. debris dislodged can be seen to float out into the river or

onto adjacent screens. Some dislodged fish are recovered up to

several days later. Other fish are lost to the collections

permanently because they never reach the traveling screen, they

adhere to the traveling screen (particularly in the presence of

debris) , or technicians fail to recover them from the debris

during sample processing. Previous studies at Indian Point have

provided data with which counts of collected 'fish could be

corrected for such losses.
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In this study, collection efficiency was estimated by re-

leasing known numbers of marked fish in front of intake bay 26

and monitoring subsequent collections there for recaptures. Fish

were usually released twice each day at approximately 12 hour

intervals, corresponding with the beginning of each sampling

interval. Most releases consisted of 100 dead fish. Most of the

test fish were yearling white perch; however, on some occasions

yearling striped bass were also. used.

Collection efficiency fish for nearly all of the front and

recessed position periods were'released directly in front of the

trash rack, approximately 11 feet from the Ristroph screen. The

trash rack abuts the fixed screen when it (the fixed screen) is

lowered into position. Releases were made at a water depth of 3m

in the center of the forebay. The standard release device was a

weighted 15cm diameter, 46cm long PVC cylinder, that was plugged

-at both ends. .The test fish were placed An the cylinder; the

device'was lowered into position; then the plugs at the ends were

pulled loose and the fish were released into the water flowing

into the forebay. Recaptures were monitored for four days

following a given release, after which missing individuals were

considered lost or decomposed.

on one occasion, later in the study, marked- fish were also

released through a 3 inch diameter PVC pipe which was inserted

through a floor drain in the forebay deck at a point approxi-

mately two feet in front of the Ristroph screen. Fish dropped

approximately 3-5 feet before reaching the bay's water-surface.

Fish used for collection efficiency testing were associated

with a specific release by a combination of color marks and/or

colored tags-. Fish were color marked by soaking them in a dye

for approximately 6-12 hours. Five different dye colors were

used. Fish were also tagged with colored Dennison tags inserted

into the bony structures in the head. Five -different colored
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tags were used. The combination of five body dyes and five

colored tags allowed.,for 25 unique pair, combinations.

Some portion of the fish being collected at intake bay 26,

particularly during recessed position intervals, were likely to

have been previously impinged on one of the other five intake

bays' screens. To assess the extent to which these fish might

influence the results of survival tests at intake 26, dead fish

were marked and released in front of each of the Unit 2 intakes.

Approximately ten-releases were made for each bay over a two week

period. A release consisted of dropping one hundred fish in

front of each forebay shortly after each screen wash. The wash

interval was approximately 24 hours for screens 21-25 and every

12 hours for screen 26. Recaptures at each of the six intakes

were recorded.

Collection Procedures for Intake Bay 21-25

As soon as the Ristroph screen became operational on January

16, collections of fish' and debris impinged on the fixed screens

at intakes 21-25 w'ere made daily. -These collections were made by

operating the conventional traveling screens at intakes 21-25.

From these screens, fish and debris entered into a conmmon sluice

which discharged into the intake 21-25 collection pit (Figure

2-1)6

Procedures -for washing the fixed screens at intakes 21-25

were similar to those for the fixed screens at intake bay 26

except that their fixed screens are not separated into two panels

but are one continuous panel. The wash system used for cleaning

these screens was similar to that used at intake bay 26, and

involved both the use of a fire hose. and a fixed spray system

located approximately 6 feet above mean low water (MLW).
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The traveling, screens at intakes 21-25 'were turned on prior

to washing each fixed screen and remained on until all the fish

and debris associated with that fixed screen had been collected

in the collection pit. The traveling screen at that intake was

then shut off and a fixed screen and traveling screen at another

intake were similarly washed until all fixed screens were clean-

ed. This procedure produced discrete samples from each of the

fixed screens at intakes 21-25. The duration of screen washes

for each of intakes 21-25 depended on the amount of fish and

debris on each screen, but all screen washes were completed

usually between 0800 and 1200 hours.

Laboratory Procedures

All non-survival samples collected from the front or re-

cessed position at intake 26, and intakes 21-25 were returned to

the laboratory for processing. All fish were enumerated by

species and sorted into various length classes, segregating them

basically into yearling and older categories. A total weight for

all fish in each length class was also obtained. For each of the

front or recessed samples total length (mm) was recorded for up

to 500 individuals in each length class for each species. Fish

collected for survival studies during any recessed position col.-

lection interval were tallied at the end of the survival holding

period and the numbers added to the number of non-survival study

fish collected to provide a. total number collected during that

interval. Fish in the intake 21-25 samples were processed sim-

ilarly, except that only 25 randomly selected white perch per

length class within each sample were measured.

Water Quality Measurements

Temperature (nearest 0. 5*C) , dissolved oxygen (nearest 0. 1

ppm), conductivity (nearest 10 iumhos per mm), and pH (nearest 0.1

units) were recorded at the 3m depth in intake 26 in front of the

fixed screen during each 12 hour sample interval. of these four
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variables, pH remained fairly constant at about 7.5-7.7, tempera-

ture increased with time, dissolved oxygen fluctuated slightly

(Figures 2-4 and 2-5 respectively) and conductivity fluctuated

widely (Figure 2-6).

Temperature (to nearest O.5*C) and conductivity (to nearest

10 ijimhos per mm) associated with the daily collections from

intakes 21-25 were obtained from a depth of 1 meter in intake 22.

These measurements were made during the flood tide which occurred

closest to the early morning collection at intake screens 21-25.
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Section 3

SURVIVAL

The' primary purpose of the survival studies was to confirm

that the projections of survival rates for various species made

in the August 1984 report (Con Edison and NYPA, 1984) could be

achieved. Projections of total annual survival rates for ten

species were presented in that report. In this report, survival

rates for ten 'selected fish species, five of which were discussed

in the earlier report, are provided. The other, five species

listed in the August 1984 report are primarily found at other

times of the year, and as a result were not available for sur-

vival rate evaluation.

Field Methods

Survival collections were made only on days when the fi xed

screen was raised, enabling fish from the river to become direct-

ly impinged on the Ristroph screen and removed from the intake

bay. Collections were not made unless the Ristroph screen was

running in a normal fashion nor were collections made when screen

washes at the other intake bays were occurring. The wash water

used to flush the screens and the sluices was not chlorinated.

Survival samples were collected simultaneously from the fish

sluice and debris sluice (Figure 2-3). -Prior to a survival col-

lection, both the fish sluice and debris sluice collecting chaxf-

bers were filled with ambient water to aý depth of approximately

30 cm (1 foot) to provide a layer of "cushion" water.. The col-

lection chamber for the fish sluice was a trailer designed to

accumulate fish and transport the survival sample to the labora-

tory located approximately 150 m (500 feet) away (Figure 2-3).

The collection chamber for the debris sluice was the debris col-

lection pit with a standpipe in the drain to provide "cushion"

water as described above. Samples were collected by diverting

sluice water from the abundance collection tanks (Figure 2-3) to
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the survival collection chambers. Sample duration ranged from

0.50 to 9.0 hours, but was usually less than two hours. The

shortest durations occurred when debris levels were high and

could clog the collection chambers or when fish abundance was

high. When both debris levels were low and fish entered the

collection apparatus at a rate of less than approximately 1 fish

per 10 minute period, sampling duration was .extended to obtain

sufficient numbers of fish to supply the laboratory. Correlation

analysis indicated that no significant (p <0.05) relationship

existed between collection duration and initial survival for

striped bass, white perch or rainbow smelt (Table 3-1) . There-

fore, the length of time fish spent in the collection chamber

awaiting transport (to the laboratory) did not affect initial

survival values.

Water quality parameters were recorded- during each -survival

collection as previously describe-d (see Section 12). The follow-

ing observations and/or measurements, most of which are related

to screen operation, were-also recorded with each survival col-

lection:

1. Screen speed - nearest foot per minute.

2. Main low pressure spray: nearest 1 psi.

3. Secondary low pressure spray: nearest I psi.

4. High pressure spray: nearest 1 psi.

5. Relative debris loading: high, moderate, low.

6. Air temperature (OC).

At the conclusion of a survival collection, sluice water was

rediverted to the abundance collection tanks. The survival col-

lection trailer was hitched to a vehicle for transport to the
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laboratory. ,Fish from the debris sluice were removed from the

debris sluice collection pit in the following manner. The pit

was drained to a water depth of approximately 10 cm (4 inches)

and entered by a biologist, who gathered all fish with a water-

filled scoop. Each fish was carefully released into 95 liter (25

gallon) coolers containing ambient water. After all debris

sluice fish were put in coolers, the coolers were loaded onto the

vehicle used to transport the fish collection trailer and prompt-

ly moved to the' on-site laboratory and holding facility simulta-

neously with the trailer. Typical transit duration between

collection at the Ristroph screen and specimen transfer to

aquaria was under 30 minutes. Upon arrival at the laboratory,

the fish sluice transport trailer was drained and all fish were

gently herded into a series of 11 liter (3 gallon) capacity

trays. The trays were promptly carried by hand into the aquarium

area o f the laboratory, along with the coolers containing fish

from the debris sluice collection. All fish were given a minimum

acclimation time of three minutes and then sorted by condition

category for "initial survival" assessment, using the following

criteria:

Alive -No visible signs of phys~ical damage; active

swimming and orientation behavior.

Damaged -Fish with visible external damage (missing

scales, mutilations, or hemorrhage) or showing abnormal

or weak swimming andlorientation behavior.

Dead - No obvious external signs of life or severe

physical mutilation with only slight opercular motion

and no other body movement.

While sorting, "Alive" and "Damaged" fish were gently spoon-

ed into aquaria using water-filled scoops so that they could be

held to determine latent (96 hour) survival. Most damaged fish

(all after February 11) were held in separate aquaria from alive
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members of the same species; individuals from fish sluice collec-

tions were also held separately from those originating in debris

sluice collections. Only compatible sizes and species were

combined within aquaria to minimize predation* or other behavio-

rally-induced factors that might influence survival. Since the

number of holding tanks was limited by the available space in the

laboratory and some aquaria were occasionally reserved for

certain less abundant species, not all fish collected for sur-

vival study were able to undergo latent survival testing f Table

3-2).

All aquaria were glass-sided and either 75.or 115 liters (20
,or 30 gallons) in volume. The aquarium system had 50 tanks and

,approximately a 3.8 liter per minute per tank (1 gallon per

minute) flow through of ambient river water derived from service

water pumped from Indian Point Unit 1.. The density of fish in

aquaria was held, to approximately 1 g biomass, to 1 liter of

water. Given the average size of fish impinged during the study,

approximately 10 fish could be held at a time in the 75 liter (20

gallon) tanks and 15 fish could be, held *in the 11.5 liter (30

gallon) tanks.

"Latent survival" evaluations were performed after the test

fish had been held for 96 hours. Between hour 0 and hour 96 fish

in each aquarium'were periodically observed (at hoi.'rs 6, 12 and

ever 12hours thereafter) and their condition and the water tem-

perature (OC) were recorded. Any dead fish were removed, weighed

and measured ~to the nearest nim (T). At hour 96, a final obser-

vation. was recorded and all remaining fish were removed and

proicessed.

Observation of mortality in a fish group (50 yearling

striped bass obtained from the Hudson River striped bass hatch-

ery) that serves somewhat as a control indicated that transport

and holding may induce up to 10-15% mortality on striped bass

(Figure 3-1). However, it was impractical to obtain' adequate

19



control fish from the Hudson River for these studies at this time

of year and consequently no adjustments for mortality induced by

handling were made to calculated survivals for striped bass, or

any other species.

Analytical Methods

Survival data basically consisted of numbers of fish alive,

dead, and damaged after collection from the Ristroph screen. Al-

though the calculations involved for computing survival rates are

relatively straightforward, the primary consideration complicat-.

ing' the assessment was whether those individuals showing vari ous

signs and 'degrees of stress, ranging from temporary disorienta-

tion and minor amounts of scale loss to obvious physical damage,

should be regarded as alive or dead.,

Three methods were used to calculate survival. In the

first, damaged. fish were considered to be survivors and were

treated in the same fashion as those characterized as alive. In

the second, fish damaged at the time of collection or after 96

hours were considered to be dead. To simplify what can develop

into confusing terminologies, the "damaged fish as alive" tech-

nique is hereafter identified as the "standard" method because

survival is, within the narrowly defined context that *a fish is

either alive or dead, nothing more than the number of fish which

did not die at the study's endpoint. The second method, in which

damaged fish are considered to be dead, is hereafter referred to

as -the "dfe" method, damaged, fish excluded from the survivor

group. The survival study results calculated by these two

techniques represent extremes in the assessment of Ristroph

screen survival. The third method computes survival for an

intermediate assessment position in which initially damaged fish

are considered to be alive, but those classified as damaged after

the latent holding period are considered to be dead.
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Survival calculations are provided for each of the two major

survival assessment points, initially following collection from

the Ristroph screen (initial survival) and at the end of the 96

hour latent survival holding period (latent survival). Total

percent survival is calculated as the product of the initial and

latent survival rate and is provided for each sluice.

The sluice-specific total survivals rates are combined by

weighting the relative abundances from each sluice to produce a

value called overall survival. It is calculated as:

Overall Survival M%) (S *N f) + (Sd*N d) X 100 (Equation 1)

N f+ Nd

where,

S f Total percent survival from fish sluice

Sd =Total percent survival from debris sluice

N Number of fish collected from fish sluice for

survival collections

N d Number of fish collected from debris sluice for

survival collections

Values for the initial and latent survivals could be calcu-

lated either as the arithmetic mean of the samples (observa-

tions/tests) or as a cumulative statistic. In the latter case,

the final value is weighted by the number of fish in each sample.

However, survival samples frequently consisted of only a few

fish, especially using the dfe method (Table 3-3). These small

sample sizes tended to make the arithmetic mean method generally

less reliable than the cumulative appproach. Therefore, survival

samples from all tests were amalgamated for computation of the

summary values presented here and were not treated as independent

observations. Survival rates calculated using the alternative

arithmetic mean procedure are presented elsewhere (Appendix A).
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Results

A total of 7,850 fish, representing 22 species, were col-

lected for'survival analysis (Table''3-4). Survival analyses are

presented for the ten most abundant species that were collected

during that January - April study period (see also Appendix A).

Nearly 80% of the fish collected were white perch and about 14%

were striped bass. No other species contributed more than 2% to

the total. Approximately 69% of the total were recovered in the
,fish sluice. More than, three times as many striped bass were

collected in the fish sluice than in the deb-ri~s sluice; the ratio
for white perch was about 2:1.

.Initial and latent survival of fish collected from the fish

sluice, calculated by both the standard method and the dfe

method, was generally better than that of fish collected from the

'debris sluice (Table 3-5). The difference in the initial sur-

vival values between the standard and dfe methods is primarily a

reflection of whether damaged fish were considered alive or dead.,

but may also be due to the difference between the sizes of the

standard and dfe data sets, the latter approximately 18% smaller

because alive and damaged fish were not held separately until

early'February (see Field Methods). The difference between the

two methods for the latent survival values additionally reflects

differences in the types of fish (i.e. alive or' damaged) each

method considered pertinent for latent examination.

Total percent survival, expressed as the product of initial

and latent survival percentages for each species in each sluice,

showed, as expected, that fish sluice survival was generally

higher than debris sluice survival, whether damaged fish were

excluded Wde method) or not (Table 3-6). Total percent sur-

vivals 'for striped bass and white perch in the fish sluice were

76.4% and 82.1%, respectively, based on the standard method, and

60.2% and 62.9%, based on the dfe method. For the debris sluice,

corresponding striped bass and white perch values were 48.2% and

22



53.7%, respectively, based on the standard method, and 35.5% and

36.9% based on-the dfe method.

To obtain overall Ristroph screen survival values, by

species, the survival rates for each sluice were weighted by the

numbers of fish collected in each sluice (Table 3-4; see also

preceding section, Analytical Methods, Equation 1). Calculations

were made using the proportions of fish collected from each of

the slui-ces, both during survival collections and all Ristroph

screen collections,

When based upon the distribution of fish found in survival

collections, overall survival for both striped -bass and white

perch were approximately 70% when damaged fish were considered as

survivors (Table 3-7). Among the other fish species, survival

rates for alewife and red hake were 12.6% an&y 35.3%, respec-

tively, whereas rates for spottail shiner, tesselated darter,

white catfish, pumpkinseed and 'rainbow smelt were generally

excellent (>85%). Atlantic tomcod survival was 79.5% for post-

spawning adults. When damaged fish were considered dead, overall

survival was lower than that noted above, although the distinct-

ions between the species that survived relatively well and

relatively poorly remained consistent. When based upon the

distribution of fish from all Ristroph screen collections,

results were similar (Table 3-8).

Discussion

Survival rates were determined for the ten most abundant

species collected during the mid-January through mid-April study.

For five of those species, projections of survival were presented

in the August 1984 report. A substantial portion of the annual

impingement of. three of these five species (striped bass, 45%;

white perch, 60%; and rainbow smelt, 25%) at Indian Point has

been collected during the January - April period. Two of the

species (Atlantic tomcod; alewife) for which survival
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determinations are presented herein, however are not commonly

collected at Indian Point from January through April (less than

1% of the total annual-impingement).

Impingement of four others of the ten listed in the August

report is generally extremely low lamerican shad and' bluebac~k

herring) or non-existent (bay anchovy and weakfish) during the

winter and no survival data were collected for them. The tenth

species, hogchoker, although present in impingement samples

during this study, were not collected in survival samples. This

species, however, is extremely hardy and their sur-vival rate, had

it been evaluated, would have been expected to be greater* than

95%.

The values of survival obtained during this study by both

the standard and the dfe methods probably underestimate levels of

survival which can be expected if a full complement of Ristroph

screens were to be installed. The poor physical condition (i.e

rigid, partially decomposed, fungused) of some of the fish which

were classified as dead or damaged at the time of collection for

the survival studies-was clearly not consistent with the trauma

that would be expected as a result of impingement on the Ristroph

screen. In addition to whatever fish may have been dead or dying

from natural stresses (e.g. spent Atlantic tomcod) observations

made during the screen washing procedures made it obvious that

some of these fish had probably been previously impinged on the

fixed screens at the other intakes or at intake 26 during a

previous fixed screen period and-not collected.. Fish impinged on

these fixed screens are largely dead or heavily damaged by the

time the screens are washed because they are generally washed

only once per day.

Collection. efficiency tes~ts at intake 26 during these

studies showed that, on occasion almost 40% of the fish impinged

on the fixed screen *at intake 26 may be collected during a

subsequent Ristroph screen test interval (Section 4). To
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investigate ,the potential of fish impinged on other intake

.screens at Unit. 2 to. be collected on the Ristroph screen at

intake' 26 (during survival collections) , marked dead fish were

released at each of the other screens and the degree to which

they were recovered at intake bay 26 up 'through 96 subsequent

hours was assessed. The results indicated that a contribution of

fish to intake bay 26 did occur, and on occasion it was sub-

stantial (Table 3-9). In the case of releases at screen 25,

16.8% of the fish released 'at intake 25 were recovered in col-

lections at intake 26*. These results indicate that intake bay-

26, more than any other intake bay, apparently because of hydro-

dynamic-influences in the vicinity of IP 2 intakes, is the (net)

recipient of fish. first impinged at the other bays'. screens.

Once Ristroph screens are installed at all of the intakes, this

source of mortality will be largely eliminated.

Estimates of survival are also biased. downward. by -the

absence of data with which to make adjustments. for the stresses

imposed by handling and confinement. Fish which could be con-

sidered representative controls were not generally available for

use. Hlowever, the results obtained using a small number of,

hatchery-reared striped bass indicated,.that stresses other than

those imposed by the Ristroph screen may impose 10% to 15%

mortality during a 96 hour holding period.

Although the two. factors described above result in survival

ýbeing underestimated, their effects on the estimates are offset

to some extent by the. f act that the ef ficiency with which f ish

impinged on the Ristroph screen were collected was less than

1100%. Data and, discussion presented in Section 4 indicate t hat

generally 85% to 95% of marked fish placed directly into the

screen basket trays were recovered. Since only some of the.

uncollected fish might have. survived, in the absence -of, the

offsetting factors previously mentioned, it might be appropriate

to reduce the estimates to 85-90% of those presented.
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To evaluate the assumption upon which the dfe method is

based; i.e. all *fish -collected in. a damaged condition will die,

recovery during the .96 hour holding period of striped bass and

white perch considered damaged in initial collections was ex-

amined. Change in condition of these fish from damaged to either

alive or dead was plotted against time at 6 and 12 hour intervals

up to .96 hours. Results showed that many damaged individuals

recovered during the first 6 hours of the latent survival test

period, and that number remained constant throughout the duration

of the test; the remaining damaged individuals gradually died.

Approximately 35% of all damaged white perch col lected in the

fish sluice (N=333) quickly recovered (Figure 3-2). The same

trend 'existed for white perch collected from the debris sluice

(N=470), with about 25% recovering rapidly (Figure 3-2). Damaged

striped bass, collected in the fish sluice (N=80) had a relatively

high recovery rate (68%), while approximately 30% of those from

the debris sluice (N=88) recovered (Fig 3-3). It thus appears

that to consider all damaged fish to be dead is inappropriate and

unrealistically conservative.

Since some damaged fish recover rapidly, the primary ques-

tion, is whether these fish would have the same capability to

recover under actual conditions as they' did under these experi-

mental conditions. The only obvious direct source of mortality

present in the river that would not also exist for fish held in

the aquaria is predation. Since the fish collected from the

Ristroph screen at Indian Point would be returned to the river

near the bottom, predation by birds seems unlikely. Fish pre-

dation during the colder months is also likely to be lower than

levels found at other'times because metabolic rates and therefore

food consumption (of predatory fish) are slowed. Furthermore,

predators such as bluefish are not present in significant numbers

during the winter. It thus seems unlikely that the aquaria

presented a less hostile environment for damaged fish recovery

than would the river itself.
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Since some fish undoubtedly will recover under field condi-

tions, the most appropriate approach may be to calculate overall

survival by assuming that -fish initially damaged are alive, but

those in that condition after the 96 hour holding' period are

dead. The survival rates based on this (intermediate) method for

most species (Table 3-10) are quite similar to those based on the

standard method (Table 3-8).

The survival rates attained during the January through early

April study period were consistent with attaining those projec-

tions of survival for the entire year made in the August 1984

report (Table 1-1). The white perch annual overall survival rate

of 71% projected in the August report was based upon application

of data from the Salem generating station which reflected an

average of approximately 58% survival for the period January

through Apr il. The white perch survival rate achieved in this

study, based on the intermediate method described above, was

66.1% (Table 3-10).

The striped bass survival rate observed during the present

study (68.7%, based on the standard method, 68.6% based on the

intermediate method) was higher than ýthat (61%) projected in the

August 1984 report. The report projection was based on data

collected during June (59% survival based on 51 fish) and during

September-December (67% survival based on '14 fish) at Indian

Point. Since more than 80% of striped bass impingement at Indian

Point occurs from September through April, it is likely that the

annual survival rate for striped bass can be-expected to exceed

the level projected in the August 1984 report.

The annual survival rate of 40% (Standard Method) projected

for rainbow smelt in the August 1984 report was based on data

from the Mystic generating station and reflected an aver age

survival for the period of January through April of about 40%.

The survival of 85.7% (87.7% Standard Method) obtained in this
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study suggests that survival for the entire year at Indian Point

would equal or exceed the 40% projection.

The projected annual survival rate for Atlantic tomcod of

40% (Standard method) reflected survival rates of 95% (Standard

Method) for the winter period, including January through April,

and 35% (Standard Method) for the late spring and summer, repor-

ted from.' previous Indian Point studies. The survival rate of

approximate ly 59.0% (Intermediate Method; 79.9%, Standard Method)

obtained during these studies is somewhat lower than that pre-

viously noted for winter collected fish. However, those winter

data were collected in early to mid-December and probably reflec-

ted .pre- spawning. fish, whereas the data collected in the current

study were largely from post-spawning fish which showed evidence

of poor physical condition. However, with respect to overall

annual survival rate projections, the number of Atlantic tomcod

impinged from January through April at Indian Point g'enerally

represents less than 1% of the total number impinged annually,

.and accordingly, results from the present study may provide

little information on expected survival throughout the year.

The projected annual survival of alewife at Indian Point

(13% Standard.Method) was based on Salem Generating Station data,

which reflected for the January - April period a survival rate of

approximately 10%. The survival obtained during the current

study (8.4% Intermediate Method) is consistent with those data.

However, as with tomcod, the number of alewife impinged during

this period are less than 1% of the annual total and accordingly,

these results can not fully reflect overall survival rates that

may be achieved.

Several other species collected during the present study,

but not reviewed in the August 1984 report, included pumpkins eed,
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spottail shiner, tessellated darter, and white catfish. All

experienced very high overall rates of survival.

Red hake, which is generally present at Indian Point only

during the winter months (January - March), is a marine species.

its overall survival during this study, (5%) was much lower than

the only other data available for it (Mystic Generating Station)

where overall survival ranged from 67 to 100%.

Although this study generally provided survival -rates

comparable to those projected, there appears to be substantial

potential for improvement. Tests of survival during the study

were conducted over a range of low pressure spray wash system

position setting and pressures (5 to 20 psi), and flap s 'eal

positions. Insufficient data were collected to identify optimum

settings, and some settings were observed to be clearly inapprop-

riate. For example, the flap seal which extends from the fish

sluice into the plane of the descending screen baskets to maxi-

mize the number of fish transferred to the fish sluice could not

be positioned properly because of excessive wear in the roller

assemblies of the chain,-baskets. As a result, a gap, at times

approaching 1i inches in width existed, and fish were observed to

drop past this flap to, be deflected by the high pressure wash

into the debris sluice.

With the completion of the recent repairs to the Ristroph

screen, minor adjustments -to the flap seal are 'expected to

largely eliminate this problem. This, in turn, would improve the

levels of survival observed because fish sluice survival rates

are substantially higher'than those from the debris sluice (Table

3-6). Additionally, adjustments *to the position of the inside

and outside low pressure spray wash headers to optimize the

direction of wash spray is expected to more efficiently transfer

fish into the fish sluice, also resulting in enhanced survival

rates.
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Although mechanical difficulties precluded the collection of

sufficient data, on screen sp eed, this factor is likely to

influence survival.. Travel sp eeds during most of the study were

generally less that 10 fpm,, but the higher speeds for which the

system is designed, (15-20 fpm) would likely help to. reduce the

extent of impingement-induced traumas by reducing the duration of

impingement. Studies at the Mystic station indicated that

survival was increased by operating, at faster screen travel

speeds (Con Edison and NYPA, 1984).
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Table 3-1. Correlation between survival collection duration (hours) and initial.
survival for selected fish species from the Indian Point Unit 2
Ristroph screen, January - April, 1985.

Fish Sluice

Species
Standard
Me thoda

df e
Methodb No. Of

Observations

Rainbow smelt
'Striped bass
White perch

-0.50
0.32
0.01

0.17
0.*10
0.96

-0.50
-0.04
-0.10

0.17
0.83
0.62

9
28
27

Debris Sluice

Species
Standard
Method&

df e
Methodb No. of

observations

Rainbow smelt -0.03 0.92 -0.08
Striped bass -0.13 0.53 -0.14
White perch -0.29 0.12 -0.02

r- Pearson' s product -- moment correlation coefficient

0.81
0.52
0.92

12
25
30

p -probability of obtaining the given correlation coefficient.
correlation coefficient was significant.

If p (0.05, the

Standard method -no. fish alive + no. fish damaged following collection
no. fish alive, damaged and dead

b dfe method -no. fish alive following collection
no. fish alive, damaged and dead



Table 3-2. Numbers of fish (ten most abundant species) collected in survival
samples from the Indian Point Unit 2 Ristroph Screen and held for
latent effects (96*hours) analysis, January - April, 1985.

Fish Sluice

Total No. of
Fish Collected

in Survival SamplesSpecies

Alewif e
Atlantic tomcod
Pumpkinseed.
Rainbow smelt
Red hake
Spottail shiner
Striped bass
Tesselated darter
White catfish
White perch

Total

22
32
17
76
17
34

860
,25
85

5,395

No. of Alive and
Damaged Fish Collected
in Survival Samples
Alive Damaged

4. 17
22 10
11 6
73 1
10 7
32 2

605 217
25 0
77 7

No. of Fish
Used in Latent
Survival Tests
Alive Damaged

4 .16
22 9
12 5
72 1
6 7

32 1
561 185
24 0
66 7

1,279 6192,906

3,765

1,135

1,402 2,078 850

Debris Sluice

Total No. of
Fish Collected

in Survival SamplesSpecies

Alewif e
Atlantic tomcod
Pumnpkinseed
Rainbow smelt
Red hake
Spottail shiner
Striped bass
Tesselated darter
White catfish
White perch

Total

No. of Alive and
Damaged Fish Collected
in Survival Samples
Alive Damaged

0 3
6 2

NS NS
49 5

3
8

NS
59

8
5

264
1

25
2,051

2,424

No. of Fish
Used in Latent
Survival Tests
Alive Damaged

0 3
6 2

NS NS
37 4
2 5
3 1

99 100
1 0

20 3
666 580

2
4

118
1

21
980

1,181

6
1

102
0
3

824

946 834 698

NS = No sample



Table 3-3. Frequency distribution of alive striped bass and white perch entering
the 96 hour latent period (dfe method).

Fish Sluice Debris Sluice

No. of Fish Test
in Test FrequencySp2ecies

Striped bass 1
2
3
4
5
6
7
8
9
10
15

16
7
3
5
6
3
3

5
26

1

Percent
of All
Tests

20.5
9.0
3.9
6.4
7.7
3.9
3.9
3.9
6.4

33.3
1.3

No. of Fish Test
-in Test 'Frequency

1
2
3
4
5
6
7

14
7
1
3
1
3
1

Percent
of All
Tests

45.2
22.6
3.2
9.7
3.2
9.7
3.2

3.210 1

Fish Sluice Debris Sluice

No. of Fish Test
in Test FrequencySpecies

White perch 1
2
3
4
5.
6
7
8
9
10
11

8
4
2
4
8
8
7
9
12
59
1.

Percent
of All
.Tests

6.3
3.2
1.6
3.2
6.3
6.3
5.5
7.1
9.5

46.*5
0.8

No. of Fish Test
in Test Frequency

1
2
3
4
5
6
7
8
9
10
11
14

5
4
8

2
6
3
8
4,
30
2

Percent
of All.
Tests

6.5
5.2

10.4
3.9
2.6
7.8
3.9

10.4
5.2

39.*0
2.6
1.3
1.315 5 3.9 15



Table 3-4. Total numbers of fish collected for survival analysis from the Indian
Point Unit 2 Ristroph screen, January -April, 1985.

Fish, Debris
Species Sluice Sluice Total

Alewife 22 3 25
At-lantic silverside, 1 0 1
Atlantic tomcod 32 8 40
Banded killifish 2 0, 2
Blueback herring 7 .1 8
Bluegill 3 0 3
Brown bullhead 1 0 1
Four-bearded rockling 1 1 2
Gizzard shad 2 2 4
Golden shiner 1 0 1
iWorthern pipefish 01
Pumpkinseed 17 0 17
Rainbow'smelt 76 59 135
Red hake 17 8 25
Spottail shiner 34 5 39
Spotted hake 3 1 4
Striped bass 860 264 1,124
Tesselated darter 25 1 26
Th ree-spine stickleback 1 1 2
White catfish 85 25 110
White perch 4,227 2,051 6,278
Winter flounder 1 1 2

Total Total5,418 2,432785 7,850



Table 3-5. Initial and latent percent survival of selected fish species collected
from Indian Point Unit 2 Ristroph screen, January - April, 1985.

Fish Sluice

Initial Survival (Z)
Standard dfe
Method Method

Latent Survival (Z)
Standard H~e
Method MethodSpecies

Alewif e
Atlantic tomcod
Pumpkinseed
Rainbow smelt
Red hake
Spottail shiner
Striped bass
Tesselated darter
White catfish
White perch

95.5
100.0
100.0
97.4

100.0
100.*0
95.6
100.0
98.8
95.6

18.1
68.8
.68.*8
96. 1
58.8
94. 1
70.*3
100.0
90.6
68.7

15.0
80.6
94.1
95.9
38.5
100.0
79.9
100.0
95.9
85. 9

50.0
80.0
91.7
95.7
0.0

96, 8
85.6

100.0
91.1
91. 5

Debris Sluice

Initial Survival (%I
Standard dfe
Method Method

Latent Survival M%
Standard dfe
Method Method-Species

Alewif e
Atlantic tom~cod
Pumpkins eed
Rainbow smelt
Red hake
Spottail shiner
Striped bass
Tesselated darter
White' catfish
White perch

100.0
100.0

NS
91.5
100.0
100.0
83.3
100.0
96.*0
88.0

0.0
75.0
NS
83.1
25.0
80.0
44.7
100.0
84.0
47.8

0.0.
75.0
NS
82.9
28.6
100.0
57.8
100.0
100.0
61.0

NS
83.3
NS
94. 1
0.0

1.00.0
.79.5

100.0
85.0
77.2

NS -No sample



Table 3-6. Total percent survival of selected fish species collected from Indian
Point Unit 2 Ristroph screen, January - April, 1985.

Fish Sluice Debris Sluice

Standard
MethodSpecies

Alewif e
Atlantic tomcod
Pumpkinseed
Rainbow smelt
Red hake
Spottail shiner
Striped bass
Tesselated darter
White catfish
White perch

14.3
80.6
94.*1
93.4
38.5
100.0
76.4
100.*0
94.*8
82.1

Hfe
Method

9.1
55.0
63.*0
91.9
0.0

91. 1
60.2
100.0
82.5
62.9

Standard
Method

.0.0
75.0
NS

75.9
28.6

100.0
48.*2
100.0
96.*0
53.7

df e
Method

NS
62.5
NS
78.2
0'.0

80.0
35.5

10.0.0
71.4
36.9

NS = No sample

i?



Table 3-7. Overall survival for selected species collected from Indian Point Unit
2 Rlstroph screen, January - April, 1985 (based on total number of
fish collected f or survival analysis).

Survival
Standard
Method.Species

Alewif e N' ~
Atlantic tomcod j
Pumpkinseed ý-
Rainbow sxuelt[3~
Red hake )-5
Spottail shinerf
Striped bass I (.L((
Tesselated darter Z6
White catfish ilo
White perch

12.6
79.5
94.1
85.7
35.3

100.0
'69.*7
100.0
95.0
72.8

MZ
df e
Method

8.0
56.5
63.0
85.7
0.0

89.7
54.*4
100.0
80.0
54.4

I "A

-F4TaQ
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Table 3-8.

Species

overall survival for se .lected fish species collected frtom Indian Point
Unit 2 Ristroph screen, January - April, 1985 (based on total number
of fish collected from all recessed position intervals).

Survival MZ
Standard dfe
Method Method

Alewif e
Atlantic tomncod
Pumpkinseed
Rainbow seilt
Red hake
Spottail shiner
Striped bass
Teeselated darter
White catfish
White perch

1L-.1
79.9
87.3
87.*7
36.5

100.0
68.7

100.0
95.0
72.*8

7.0
56.0
58.5
87.4
0.0

89.*7
53.5

100.*0
80.1
54.4



.Table 3-9. Recapture of marked fish classified by release intake screen and
recapture intake screen at Indian Point Unit No. 2, January -

April, 1985.

Recapture Screen N

21
22
23
24
25
26

11
11
11
11
11
11

Mean Percent Return

Release Screen 21

14.8
0.9
1.1
0.6
0. 1
2.5

Release Screen 22

1.6
7.6
0.9
0.7
1.2
2.5

Release Screen 23
1.8
0.7
15.8
0.6
0. 1
1.5

Standard Error of Mean

5.6
0.4
0.4
0.3
0. 1
0.9

21
22
23
24
25
26

11
11
11
11
11
11

0.5
4.9
0.4
0.3
0.9
0.7

21
22
23
24
25
26

11
11
11
11
11
11

0.8
0.2
6.5
0.2
0.1
0.9

21
22
23
24
25
26

9
9
9
9
9
9

Release Screen 24

0.4
1.0
0.11
4.8
1.1
9.4

0.4
0.9
0.1
1.4
.0.9
3.4



Table 3-9. (Continued)

Recapture Screen N

21
22
23
24
25
26

11
11
11
11
11.
11

Mean Percent Return

Release Screen 25

0.5
.0.3
0.2
2.7
1.5

16.8

0.3
0.2
0.'1.
1.2
0.6
4.4

Standard Error of Mean

N - Number of releases of marked fish.



Table 3-10. overall survival for selected fish species from the Indian Point
Unit 2 Ristroph screen, January - April, 1985 (based on method in
which damaged fish are considered alive-in calculating initial
survival and dead in calculating latent survival).

Species Survival()

Alewife 8.4
Atlantic tomecod 59.0
Pumpkinseed 88.2
Rainbow smelt 85.7
Red hake 5.2
Spottail shiner 97.4
Striped bass 68.6
Tesselated darter 100.0
White catfish 85.1
White perch 66.1



Section 4

THE EFFECT OF SCREEN POSITION ON IMPINGEMENT

Introduction

The potential installation of Ristroph screens at a point

within the intake forebays at IP 2 raised the question of whether

more fish would be impinged on screens at that point than on

screens installed at the entrance to the intakes. The behavioral

and physiological factors influencing impingement are not under-

stood, but the possibility was thought to exist that,, a) more

fish would be attracted into the forebay and become exposed to

impingement, or b) a smaller proportion of fish exposed to

impingement on a recessed screen would be behaviorally inclined

or physically capable of escaping than fish exposed to a screen

at the front or, c) a combination of the two would occur.

Recessing the screen also seemed to introduce the potential

for impinging more larger fish than installing screens at the

entrance to the intakes. Larger fish, stronger swimmers than

smaller fish of the same species, might be able to avoid impinge-

.ment on flush mounted screens, but could conceivably be unable or

disinclined to swim the 10 to 12 ft against the incurrent water

flow required to avoid impingement on the recessed screen.

This section describes the results of studies carried out to

address the questions related to the influence of screen location

on impingement.

Analytical Methods

In order to determine whether the location of the screens in

the intake at Indian Point Unit 2 might materially affect the

number of fish impinged, comparisons were made between impinge-

ment rates (fish impinged per hour) on the fixed screen which was

located at the entrance to intake bay 26 and impingement rates on
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the Ristroph screen which was recessed within the forebay at

intake 26.

Calculation of an impingement rate requires knowledge of the

number of fish impinged and the length of time during which that

impingement occurred. The number of fish collected during, or at

the end of, an impingement interval may not reflect the number of

fish impinged during that interval because of inefficiencies in

collection. Accurate estimates of the impingement rate during

each interval may ,require two adjustments to the numbers collect-

ed. The more obvious adjustment is that which scales the count

of fish collected upward to -account for losses of. fish impinged

during or prior to. the collection process. There may also be a

need to adjust the counts of fish collected downward to remove

the contribution of fish impinged and killed, but not collected,

during a previous interval.

The following example serves to illustrate the applicability

of both such adjustments. Consider two consecutive 12-hour un..-

pingement intervals. At the start of each, 100 marked dead fish

are released immediately in front of the screens. It is assumed

that these become impinged and that the proportion subsequently

collected provide a measure of the efficiency with which all

impinged fish are collected. At the end of the first interval

1000 fish are 'collected, in addition to 50 marked fish. At the

end of the second interval 1000 fish are also collected. In

addition, 100 marked fish released at the start of the second

interval and 25 marked fish from the previous interval are also

collected.

If only the unmarked fish actually collected during each

interval (1000) are considered, no apparent difference in im-

pingement rate exists between the two intervals. However, in

light of the data on collection efficiency, a better estimate of

the number of fish impinged during the first interval is 2000

because. fish were collected with only 50% efficiency. For the
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second interval, the estimated number of fish impinged remains

1000 because collection efficiency was 100%. ,Impingement rates

for intervals one and two are therefore 167 fish/hr (2000/12) and

83 fish/hr (1000/12),1 respectively.

However, another adjustment should be made to the number of

fish collected at the end of the second interval to reflect the

contribution of fish first impinged, but not collected, during

the previous interval. Twenty- five, percent of the marked fish

released during the first interval were recovered in the collec-

tion made at the end of the second interval. Presumably unmarked

fish are collected with the same efficiency as marked fish, and

therefore, 25% (500) of all (2000) fish impinged during the first

interval were apparently among the 1000 fish collected at the end

of the second interval. Therefore, only 50 '0 of th 'e 1000 fish

collected at the end of the second interval should properly be

considered to have been impinged during that interval. (In t~his

example it was assumed that there was no contribution of fish

from a previous impingement interval to the collection made at

the end of the first interval). The best estimate of the im-

pingement rates for intervals one and two are 167 fish/hr and 41

fish/hr,.respectively.

The best estimates of impingement rate can be made for im-

pingement intervals with' collections meeting the following

criteria:

a. The collection was made during (Ristroph screen) or at

the end of (fixed and Ristroph screens) an interval

unaffected by interruptions in pump operation or other

operating or sampling problemsl the fish collected

could therefore be accurately assigned to an impinge-

ment interval of known duration.

b. Collection effic Iiency data are available for the

.collection to enable appropriate scaling to be done.
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C. The collection is preceded by at least one collection

meeting criteria a and b so that the contribution of

fish, if any, from that preceding interval can be

accounted for,

By design, data from approximately 180 impingement intervals

of 12-hour duration (2 per day from January 16 through April 17)

were expected to be available. Those samples were to be equally

divided between the fixed (front location) and Ristroph (recessed

location) screens and between night and day. However-, because of

operating problems with both the fixed and Ristroph screens, ir-

regular wash schedules necessitated by the heavy debris loads in

.the river, the need on occasion to turn off the circulating water

pump at intake.26 to relieve head loss pressures across the fixed

screen, and miscellaneous minor changes to the, original design,

data from considerably fewer representative 12-hour collections

were available' for analysis. Valid fish collections were avail-

able for 1 .31 twelve-hour impingement intervals. of those, 84 had

associated collection' -efficiency tests and 58 were immediately

preceded by a good collection with associated collection effi-

ciency data.

Impingement rates were calculated for selected species of

fish and, for all species combined using two data subsets. The

first subset consisted of 58 samples for which adjustments could

be made for both collection efficiency and any contribution of

fish from the preceding collection. The second subset consisted

of 84 samples for which adjustments could be made for collection

efficiency, but the contribution of fish from the preceding

collection could not be estimated. These 84 samples included the

58 samples from the first subset; therefore, the two are not

independent.

Species 'examined individually were white perch, striped

bass, Atlantic tomcod, rainbow smelt, white catfish and spottail

shiner.' These were the species impinged in the greatest numbers
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and collectively accounted for almost 98%. of the fish collected

from the Ristroph and. fixed screen collections at intake 26 dur-

ing this study (Table 4-1).'

Impingement rates were calculated by dividing adjusted

counts of fish collected by the duration (hr) of the sampling

interval and compared statisticalIly using two way analysis of

variance (ANOVA) with an alpha level of 0.05. Rates were trans-

formed logarithmically prior to ANOVA to ensure normality.

Factors tested in the model were screen position (front vs.

recessed) and time of day (day vs. night). Collection intervals

ending in the evening (typically between 2000 hr and 2200 hr)

were considered to represent daytime impingement. Intervals

ending in the morning (typically 0800 hr to 1000 hr) were consi-

dered to represent nighttime impingement. ANOVA was carried out

individually for all six species for which rates were calculated,

as well as for all species combined. However, results are

discussed only for striped bass, white perch and all species

combined. For the other four species the ANOVA model almost

invariably proved to be non-significant (p = .05) due principal-

ly to the relatively high number of samples in which those

species were absent; therefore no *conclusions could be drawn

concerning the effects of screen position or time of day on

impingement'. ANOVA summaries for all species appear in Appendix

B.

Impingement rates at Indian Point are known to vary widely,

sometimes by as much as two orders of magnitude from day to day.

In an attempt to determine whether differences in impingement

rates detected between the fixed (front) and Ristroph (recessed)

screens might be due to coincidental differences in fish abun-

dance near the intakes, an independent index of fish abundance

was established. Data were examined from collections made at

intakes 21-25 and at intake 26 to identify periods corresponding

approximately in time. Since screens, were washed sequentially,

exact overlap in the duration of the impingement intervals
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represented by the collections was impossible to attain. There-

fore, a collection made at intakes 21-25 was considered to

correspond with a collection made at intake 26 -if the impingement

interval at that intake included within t 4 hours, the interval

at intake 26.

Corresponding collections at intakes 21-25 were found for 22

fixed screen intervals (each interval was comprised of two 12

hour collections-) and 26 Ristroph screen intervals at intake 26.

Average impingement rates (fish/hr) were calculated for all

species combined and for striped bass, white perch, Atlantic

tomcod, spottail shiner, rainbow smelt and white catfish. No

adjustments were made to collections from intake ,21-25 for

collection efficiency. -Impingemen~t rates at intakes 21-25

(pooled) for periods corresponding with Ristroph screen collec-

tion intervals at intake 26 were compared with rates for periods

corresponding with fixed screen collection intervals using

one-way ANOVA.

Impingement rates were also calculated for the corresponding

fixed and Ristroph screen collections at intake 26. For compara-

tive purposes, rates at intake 26 were adjusted using the empiri-

cal average collection efficiency for fixed-<screens and an as-

sumed collection efficiency of 90% for the Ristroph screen (see

below).

In order .to determine whether there was a difference between

the sizes of fish impinged at the two screen locations, length

frequency distributions were plotted and comparisons were made

between the mean lengths of individuals of selected species

collected from the 'fixed and Ristroph screens. The average

lengths of the six species considered previously were compared

using one-way ANOVA.
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Results

1 ollectonEficiency

Based upon data for all (84) collections for which collec-

tion efficiency data were available, the percentage of marked

fish recovered during the first collection made after their

release was higher for fish released at the start of a Ristroph

screen collection interval (70.8%) than for fish released at the

start of a fixed screen collection interval (50.2%) .- The poten-

tial contribution of fish from a fixed screen impingement in-

terval to a subsequent collection was also greater than from a

Ristroph screen collection. A mean of approximately 9.5% of the

fish from a fixed screen interval were recovered in the collec-

tion at the end of the next impingement interval, whereas an

average of approximately 1.9% of the fish from a Ristroph in-

terval contributed to the next collection (Table 4-2). The

contribution from a fixed screen collection to the next collec-

tion (from either the fixed or the Ristroph screen) ranged from

0% to 39%. For Ristroph collections the contribution to the next

collection ranged from 0% to 31%. Contributions to later col-

lections (after the second collection) were about 2.7% and 1.7%

for fish from fixed and Ristroph screens, respect ively (Table

4-2).

The collection efficiency reported here from the fixed

screen at intake 26 was comparable to that reported previously

from the fixed screens at IP 2 (Normandeau, 1984a), but the

collection efficiency from the Ristroph screen was lower than

expected and was probably not representative of true collection

efficiency. It was anticipated when the study was designed that

marked fish with which to determine collection efficiency from

the Ristroph screen would be dropped immediately in front of that

screen so as to ensure that they would become impinged. However,

when the studies were initiated in mid-January it was discovered
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that there was no access point through which to release fish

immediately in front of the screen because the forebay is covered

by a concrete deck. It was assumed at that time that if fish

were released at the entrance to the forebay they would be

carried by the water flow to the screen (a distance of about 11

feet) and become impinged.

After several weeks of highly variable collection efficiency

results it was realized that some fish released at the forebay

entrance probably never reached the Ristroph screen. Eddy

currents caused by structures in the water flowpath within the

intake bay could have trapped marked fish and prevented them from

becoming impinged on the Ristroph screen. Failure of fish to

reach the traveling screen for collection is appropriately

reflected in the collection efficiency adjustment for the fixed

screen collections. However, fish which actually become impinged

on the Ristroph screen are not ordinarily exposed to entanglement-

in the forebay after impingement, and collection efficiency

corrections applied to Ristroph screen collections should notý

reflect such losses.

Since estimates of collection efficiency from the Ristroph

screen based on fish released at the entrance to the intake were

biased, efforts were made to find a means of releasing marked

fish closer to the Ristroph screen. By late March, an unused

drain in the concrete forebay decking approximately 2 feet in

front of the screen was dismantled and a length of PVC pipe was

inserted to convey fish to the area in front of the screen.

However, even this position was felt not to be fully suitable for

the release of marked fish because they had to be released at the

water surface rather than, below the surface where fish are

ordinarily impinged; surface eddie's may prevent some of these

fish from ever being impinged. Only a single representative

collection efficiency test was successfully completed before the

Ristroph screen failed completely in early April, but results

suggested that earlier efficiencies were under-estimated and that
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true efficiency for Ristroph screen collections was more on the

order of 80-90%.

Support for the estimate of 90% collection efficiency was

provided by the results of five tests in each of which 50 dead

dyed fish were dropped into the trays at the lower edge of the

Ristroph screen panels as they emerged from the water. Recovery

rates from the fish and debris sluices for these fish ranged for

78% to 94% and averaged 89.'2-%. Therefore, for some analyses a

collection efficiency adjustment of 90% was used to adjust

collections from the Ristroph screen.

The same sampling artifacts which resulted in probable un-

derestimates of collection efficiency from the Ristroph screen

would also exaggerate t he estimate of the contribution of fish

from a Ristroph screen collection interval to a subsequent

collection. Therefore for some analyses it was assumed that

Ristroph screen impingement. intervals contributed no fish to the

subsequent collection.

2. TImpingement Rates at Intake Bay 26

Data from those collections (58) for which adjustments for

both collection efficiency and the contribution of fish from a

preceding impingement interval could be made were examined first.

Average overall (day and night) impingement rates were 19.3

fish/hr on the fixed screen and 76.2 fish/hr on the Ristroph

screen prior to adjustment for collection efficiency.

After adjustments were made using collection-specific

correction efficiency factors, the impingement rate for all

species combined from the Ristroph screen (107.7' fish/hr) was

approximately 3.4 times the rate from the fixed screen (32.0

fish/hr). Adjusted rates from the Ristroph screen exceeded rates

from the fixed screen by factors ranging from 1.5 for the spot-

tail shiner to 3.5 for white perch (Table 4-3). Differences for
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striped bass, white perch and all species combined were signif-

icant at the p = .05 level (Appendix B).

Impingement rates on the fixed screen differed little

between day and night; although the Ristroph screen apparently

impinged more striped bass and white perch at night, differences

between day and night were not significant at the p =.05 level

(Appendix B).

Because there. was evidence supporting the premise that

collection efficiency from the Ristroph screens was underesti-

mated by the procedures used throughout most of the study and

that true collection efficiency was closer to 90% an additional

analysis was carried out. A collection efficiency of 90% was

assigned to all Ristroph collections and the contribution from

Ristroph collections to subsequent collections was assumed to be'

zero. The empirical values for collection e~fficiency and con-

tribution of fish to succeeding collections used in the preceding.

analyses were retained for fixed screen collections.

When impingement rates were calculated in this fashion,

(Table 4-4) the average hourly rate for all species combined from

the Ristroph screen -(82.9 fish/hr) was approximately 2.5 times

.the r ate from 'the, fixed screen (33.2 fish/hr) . With ,the excep-

tion of the spottail shiner, the Ristroph screen impingement

rates e~xceeded rates from the fixed screen for every species by

factors ranging from 1.25 for Atlantic tomcod to .2.6 for white

perch (Table 4-5). The difference in overall impingement rates

between the Ristro ph and fixed screens for all species combined

and for striped bass and white perch was significant at p =.,05,

but the difference between daytime and nighttime rates was not

(Appendix B).

Similar analyses were carried out using the larger subset of

collections (84) for which collection efficiency data existed but

the data needed to make adjustments for the contribution of fish
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from a preceding collection were lacking. Average overall

impingement rates for all species combined were 16.8 fish/hr on

the fixed screen and 59.8 fish/hr on the Ristroph screen prior to

adjustment for collection efficiency.

After rates were adjusted using collection-specific collec-

tion efficiency factorsI the rate of impingement of all species

combined on the Ristroph, screen (88'.0 fi~sh/hr) was approximately

2.4 times the rate on the fixed screen (36.1 fishlhr). The

adjusted overall rate fpr the spottail shiner on the fixed screen

exceeded the rate on Ristroph screen by a factor of 1.5. For the

,other species rates on the Ristroph screen exceeded rates on the

fixed screen by factors ranging from 1.4 for the white catfish to

2.5 for the white perch (Table 4-5).

After the impingement rates on the Ristroph screen were

adjusted to reflect 90% collection efficiency, the overall rate

for all species combined on the Ristroph screen (66.4 fish/hr)

was 1.8*times the rate on the fixed screen. The impingement rate

of spottail shiner on the fixed screen exceeded that on the

Ristroph screen by a factor of 1.5, while no difference existed

for rainbow smelt. For. the other species., impingement rates on

the Ristroph'screen exceeded rates on the fixed screen by factors

ranging from 1.25 for white catfish to 1.9 for white perch (Table

4-5).

Differences in impingement rates between the fixed and Ris-

troph screens were significant (p = .05) for white perch, striped

bass and all species combined regardless of which collection

efficiency adjustment was used. Similarly nighttime impingement

rates of white .perch, striped bass, and consequently of all

species combined, were significantly greater than daytime rates

on both screens.

Average unadjusted impingement rates for all species com-

bined at intakes 21-25 for collections corresponding to Ristroph
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(8.2 fish/hr) and fixed (7.4'fish/br) screen periods at intake 26

were -very similar, as were rates for each ,species examined

individually (Table 4-6). No differences were found to be signi-

ficant (p = .05). During these periods, the rate of impingement

on the Ristroph screen at intake 26 (59.0 fish/hr) was 1.7 times

the impingement rate *on the fixed screen (34.9 fish/hr). As-

suming that the average impingement rates at intakes 21-25

reflect fish abundance (or vulnerability to impingement) near

intake 26, the similarity in impingement rates at intakes 21-25

during periods coinciding with collections from the fixed and

Ristroph screens at intake 26 indicate that differences, between

impingement rates on those screens at intake 26 were not due to

coincidental differences in fish abundance near the intake.

3. Sizsof fish mpnged

No substantial differences were found to exist between the

length frequency distributions of fish collected from the fixed

and Ristroph screens for any of the six species examined (Figs

4-1 through 4-6). Although the average lengths of striped, bass,'

white perch and white catfish impinged on the Ristroph screen

were found to be significantly (p = .05) greater than those

impinged on the fixed screen, the differences for striped bass

and white perch were less than 2mm; that for white catfish

(approximately 20mnm) was somewhat greater but did not appear to

be reflective of any real size-related difference in behavior.

Average lengths of Atlantic tomcod, rainbow smelt and spottail

shiner did not differ significantly between screens (Table 4-8).

Discussion

Data collected from mid-January through early April suggest

that if Ristroph screens were installed 10 to 12 ft behind the

entrances to the intake forebays at Indian Point more fish would

be impinged than. if the screens were installed at the entrances

to the intake bays. However, the magnitude of the difference
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remains uncertain and apparently varies among species. Estimates

of the difference for all species combined ranged from about 80%

to nearly 200% depending upon the time periods for which data

were available and adjustments made to correct for differences in'

collection efficiency between the two screens.

Estimates of impingement rates based on 'those collections

for which all appropriate adjustments can be made using collec-

tion specific data were expected to be the most accurate, but in

retrospect may not be because collection-specific collection

efficiency correction factors probably underestimated collection

efficiency from the Ristroph screen. Attempts to collect supple-

mentary data were limited by the mechanical problems which beset

the Ristroph screen, but a collection efficiency on the order of

90% appears more realistic than the empirical average o f about

71%. Therefore, comparisons based upon impingement rates with

Ristroph screen collections- adjusted with a §0% collection

efficiency factor seem to be more appropriate.

Collections included within the smaller data subset are not

well distributed throughout the study interval, but are largely

concentrated in late January and February. Fifty-one of 58

samples (88%) were taken between January 24 and February 28; none

after March 21. Samples from the larger subset are distributed

more equitably. Approximately three-quarters of the collections

were made in January and February and one-quarter in March and

early April; collections are approximately equally distributed

between the fixed and Ristroph screens over this period. There-

fore, the analyses using the larger subset may more accurately

reflect the range of environmental conditions which occurred

during the test period.

These more comprehensive data suggest that positioning the

screen in the recessed position used during this study may result
,in the impingement of 80% to 100% more fish than if the screens

were placed at the forebay entrance, at least during the winter.
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However, this difference cannot be attributed entirely to dif-

ferences .in screen position. Much of the difference may be

attributable to an apparent bias in the sampling procedures

which reduced the number of fish impinged on the fixed screen.

As described in Section 2, each 24 hour fixed screen

sampling period began with. lowering of the f ixed screen at the

end of a Ristroph screen period and ended with the raising of the,

fixed screen to begin another Ristroph-screen period. 'At the

mid-point of the period the fixed screen was raised and washed,

thereby producing two 12 hour sampling intervals. During the

time that the fixed screen -was down, fish in the forebay between

the fixed and Ris~troph screens continued to be collected on the

Ristroph screen. These collections were referred to as "entrap-

ment" collections and the fish kept separate from the other

collections because their proper assignment is uncertain.

However, it appears that many of these fish are most properly

assignable to the fixed screen collections.

Three sources of origin exist for those fish -collected as

entrapped fish. Some of those fish may be individuals which

moved around or under the fixed'screen'or through the gap between

the upper and lower halves of the screen. Although the gap

between the two screen halves was supposed to, be covered by a

rubber flap, the tightness of fit is uncertain. Another portion

of the fish are probably individuals which were in the area of

the fixed screen when it was raised and washed after the first 12

hours of a 24 hour fixed screen collection period. The third

category are those fish which were in the forebay when the fixed

screen was lowered at the end of a Ristroph screen collection

period. An example may serve to demonstrate the bias introduced

-by excluding these fish from the preceding analyses.

Of fish exposed to impingement (i.e. approaching a screen,

either fixed or Ristroph) during any fixed time interval some

will be impinged, some will presumably swim away and escape, and
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some will remain in front of the screen. Those which are disin-

clined or unable to swim away will eventually become fatigued and

be impinged during a subsequent interval. The number of fish

actually impinged during any interval may consist largely of fish

which were first exposed to impingement and became fatigued

during a preceding interval. Assume a sequence of five days (24

hours) during each of which 100 fish approach an intake screen..

Of those 100 fish, 25 swim away, 50 become impinged during that

day and the other 25 remain, for whatever reason, in front of the

screen and become fatigued to the point that they are impinged

the next day. After the first day on which only 50 fish would be

impinged, 75 fish would be impinged each day..

We can now impose the sampling protocol used at Indian Point

on the above scenario by assuming that days 1 ,3 and 5 were

fixed screen collection days and days 2 and 4 were Ristroph

screen collection days. On day 1, 50 fish would be impinged on

the fixed s~creen, 25 would escape and 25 "fatigued" fish would

remain in front of the fixed screen at the time it was raised and

washed.. Those 25 fatigued fish which would presumably move

passively into the now unobstructed forebay would be impinged on

day 2 along with 50 "fresh" fish to produce a total impingement

count of 75 fish. However, at the end of the second day when the

fixed screen was lowered-to begin another fixed screen collection

interval, the 25 "fatigued" fish would remain-in front of the

Ristroph screen and when eventually impinged on day 3 would be

considered "entrapped" fish; only 50 fish would be impinged on

the fixed screen during day 3. Similar circumstances would occur

on days 4 and 5; the 25 fish fatigued on day 3 would be collected

on day 4 from the Ristroph screen and be considered Ristroph

screen fish, but the 25 fish fatigued on day 4 would be collected

on day 5 and be considered "entrapped" fish. Over this period

the impingement rate on the fixed s creen would be estimated to be

50 fish/day and that on the Ristroph screen 75 fish/day. The

difference (25 fish/day) is reflected in the entrapped fish.
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This bias toward reducing the number of fish impinged on the

fixed screen was increased to some extent by raising and washing

the fixed screen at the midpoint of a fixed screen: period (i.e.

after 12 hours). Th is undoubtedly allowed some fish which would

have been impinged on the fixed screen during the second 12 hour

interval an opportunity to enter the forebay and be collected

during those 12 hours as "entrapped" fishý rather ýthan fixed

screen fish. Similarly,,.,any fish which managed to pass around or

under ~the fixed screen would also be subsequently collected a Is

"entrapped" or-Ristroph screen, fish, even though had they not

found such an escape route, they may well have been impinged on

the fixed screen.

It cannot-be determined what proportion of those f ish

fatigued at the end of a Ristroph screen collection period would

have remained -in front of the scree .n if 'it were located' at the

intake entrance and what proportion. remained only because they

were entrapped by the side walls of the forebay and the fixed

screen. However, it is clear that a definite bias existed to

reduce the number of fish collected from the fixed screen.

The maximum degree to which this bias in the sampling design

may have contributed to the apparent differences 'in impingement

can be evaluated by examining the impingement rates during the

"entrapment" periods. If one assumes that all of the fish

im pinged during each entrapment interval (corresponding to a

fixed screen interval) would have remained in front of the fixed

s Icreen (i.e. behaviorally trapped) and been 'impinged had -.they

not had an opportunity to get behind it,, then f ish collected

during entrapment Iintervals should be added to the fixed screen

-collections -to more accurately determine impingement rate on, a

screen at the entrance to an-intake.

Since the average impingement rate of entrapped fish was

high (15, fish/hr for the larger data set) and, therefore, the

po tential effect of the bias was great,, data. were analyzed, to
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assess the maximum effect of the bias on conclusions regarding

the effect of screen position on the number. of fish impinged.

The numbers of fish collected during the entrapment interval

corresponding to each fixed screen collection in the larger data

set were added to the numbers of fish collected from the fixed

,screen. Before being added the numbers of entrapped fish col-

lected were adjusted to. reflect the expected 90% collection

efficiency from the Ristroph screen. The impingement rates for

all species combined (52.8 fish/hr) resulting from adding ad-

justed fixed screen (36.1 fish/hr) and entrapment (16.7 fish/hr)

collections were compared with adjusted (90% collection effi-

ciency) impingement rates from the Ristroph screen '(66.4 fish

/hr).

Under the assumption that all entrapped fish would'have been

impinged on the fixed screen, the Ristroph screen in the recessed

position had an average impingement rate approximately 1.3 times

that of the fixed screen, but the difference was not statistical-

ly significant (p.= .05) when tested with two-way ANOVA '(Table

4-7.

Another factor which was not considered in the study design

and for which no adjustment could be made-in the data analysis is

the possibility that at least some of the differences in impinge-

ment found between the fixed screen and Ristroph screens in this

study may be due to an inherently greater "fishing" efficiency of

the Ristroph screen when rotated continuously. It has been

suggested based on observations elsewhere that a Ristroph screen

may actually pick up fish poised in front of it as the buckets

rotate up from below them. If this phenomenon occurs, it would be

expected to have its greatest effect when water temperatures are

lowest and fish of at least certain species, such as white perch,

are most letharg ic. The more rapidly the screen is rotated, the

greater the fishing efficiency would be expected to be. Although

this higher fishing efficiency may have contributed to some

extent to the apparently higher impingement rate on the Ristroph
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screen in this study, its influence on screen efficiencies would

be trivial because an extremely high proportion of, fish collected

in this fashion -would be subjected to very little stress and

survival would be high.

Because of the bias introduced by the sampling program, the

uncertainty as to the. true collection efficiency from the Ris-

troph screen, and the possibility that a continuously rotating

screen fishes more efficiently than a fixed screen, the influence

of screen position on the number of fish impinged was not conclu-

sively determined by these studies. If -the suggestion that true

collection efficiency from the Ristroph screen was approxcimately

,90% and the assumption that all entrapped fish would have been

impinged on the fixed screen had it remained -down are correct,

then screen position did not significantly influence the numbers

of f is h impinged. If collection efficiency from the Ristroph

screen was less than 90% or if some of the entrapped fish would

have escaped impingement on the fixed screen, then installing the

s~creens in the recessed position in the forebay may result in an

increase in the numbers of fish impinged.
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Table 4-1 Numbers of Fish Collected from the Ristroph and fixed Screens at Indian Point Unit No.

2, Intake 26, during the Period from January 16 through April 19, 1985

FIXED SCREENS RISTROPH SCREENS

Total Total
Spec ies Count Count Total

Alewife 26 117 143

American shad 1 1 2

Bluegill 3 9 12

Brown bullhead 7 15 22

Pumpkinseed 46 144 190

Black crappie I I

American eel 36 131 167

Golden shiner 3 8 11

*Hogchoker 65 198 263

Tesselated darter 16 61 77

Banded killifish 2 13 15

Largemouth bass 1 1

Musmichog -6 6

Blueback herring 6 .29 35

Atlantic silverside 1 1

Rainbow smelt ISO 373 523

Spottail shiner .100 217 317

Striped bass 1719 5546 7265

Four spine stickleback 3 -3

Atlantic tomcod 120 413 533

White catfish 149 443 592

White perch 11749 37536 49285

Yellow perch 2 11 13

Northern pipefish 549

Redbreast sunfish -1 1
Sea Horse 1 1

Four bearded rockling -~ 4 4

Striped cuskeel 2 -2

Winter flounder 3 4 7

Tide water ailverside 2 2 4

Sea lamprey 1 7 8

Gizzard shad 49 105 3-54

Silver hake 5 9 14

Three spine stickleback 51 90 141

Centrarchid unid. -2 2

Red hake 29 88 117
Grubby 1 1 2

Windowpane flounder 1 3 4

Spotted hake 4 12 16
Rock gunnel _____ 3 3____

TOTAL 14,358 45,608 59,966



Table 4-2 Efficiency W% with which Harked Dead Fish Were Collected from the Ristroph and Fixed
Screens at Indian Point Unit 2, Intake 26 during Initial and Subsequent Collection

Periods after their Release in front of Intake 26.

FIXED SCREEN

Standard (Number of

Mean Error Releases)

RISTROPH SCREEN

Standard (Number'of

Mean Error Releases)

Percent return to 1 a collec- 50.2%

tion after release (912-hour).

nd
Percent return to 2 collec- 9.5%
tion after release (al.2-hour).

Percent return to 3 rdand all 2.7%

subsequent collections after

release.

3.4 (39) 70.8% 2.5 (45)

1.4

0.4

(3,9)

(39)

1.9% 0.7

1.7% 0.3

(45)

(45)



Table 4-3 Average Adjusted1  migmn Rates (No. of fish/hour) on the Fixed and Rist~oph

Screens at Indian Point Unit 2, Intake 26, January 16 through April 19, 1985

FIXED SCREEN
S06cies Overall Dav Niahr

SRISTROPH SCREEN

Overall Day. Niaht

31 14Number of Samples

All species
Mean

Standard Error

Striped bass
Mean

Standard Error

White perch
Mean
Standard Error

Atlantic tomeod

Mean,
Standard Error

Rainbow smelt

Mean

standard Error

White catfish

Mean
Standard Error

Spottail shiner

Mean
'Standard Error

27 13 14

32.0 28.5 35.2
9.1 14.6 11.8

3.6 2.0 5.1
1.4 0.6 2.6

26.3 25.0 27.5
8.2 14.1 9.6.

17

107.7 84.2 127.0

21.3 26.8 32.0

11.8 7.8 -15.1

.2.3 1.7 3.9

91.6 71.9 107.7
19.6 25.7 29.0

0.4 0.2

0.1 0.1

0.5
0.2'

0. 7

0.2
0.5 0.8
0.2 0.2

0.4 0.3 0.5

0.2 0.1' 0.3

0.3 0.1 0.5
0.1 <0. 1 0.2

0.2 0.2 0.1
-0. 1 0.1 0.1

0.9 1.4 0.5

0.3 0.5 0.2

0.7 0.7 0.7

0.1 0.2 0.2

0.3 0.3 0.3
0.1 0.1 0.1

Rates for both screens were adjusted using empirical collection-specific efficiency

and the contribution of fish from one preceding collection.

2
Data from 58 collections for which both collection efficiency and the contribution of

fish from a precding interval could be estimated.



Table 4-4 Average Adjusted Impingement Rates (No. of fish/hour) on the Fixed and'Rist5oph
Screens at Indian Point Unit 2, Intake 26, January 16 through April 19, 1985

FIXED SCREENS
Species Overall Day Night

RISTROPH SCREENS

Overall Day Night

Number of Samples

All species
Mean
Standard Error

Striped bass
Mean

Standard Error

White perch

Mean
Standard Error

Atlantic tomcod
Mean

Standard Error

Rainbow smelt
Mean

Standard Error

White catfish

Mean
,Standard Error

Spottail shiner

Mean
Standard Error

27 13 14

33.2 34.2 32.3
8.7 14.8 10.3

3.7 2.8 4.6

1.2 0.9 2.2

27.4 29.9 25.1
5.0 14.2 8.7

0.4 0.2 0.5

0.1 0.1 0.2

0.4 0.3 0.5
0.2 0.1 0.3

0.3 0.1 0.5
0.1 <0. 1 0.2

31 14 17

82.9 64.8 97.8
17.6 23.1 26.0

8.8 5.7 11.3
1.7 1.3 2.8

70.9 55.8 83.3
16.4 22.3 23.8

0.5 0.3 0.7
0.1 0.1 0.2

0.7 1.0 0.4
0.2 0.4 0.2

0.5 0.5 0.5
0.1 0.1 0.

0.2 0.2 0.2

<0. 1 <0. 1 <0.1I
0.2

<0.1I
0.2 0.1
0.1 0.1

1
Rates were adjusted using an assumed collection efficiency of 90% with no contribution to a
subsequent collection for collections from the Ristroph screen and empirical collection-
specific factors for collections from the fixed screen.

Data from 58 collections for which both collection efficiency and the cont ribution of fish
from a preceding interval could be estimated.



Table 4-5 Average Adjusted Impingement Rates (No. of fish/hour) on the Fixe~ and Ristroph Screens at
Indian Point Unit 2, Intake 26, January 16 through April 19, 1985

FIXED SCREENS

Actual 2
Collection Efficiency

RISTROPH SCREENS

Ac tual1
Collection Efficiency2

90%14
Collection Efficiency

Species

Number of Samples

All species

Mean

Standard Error

Striped bass

Mean

Standard Error

White perch
Mean

Standard Error

Atlantic tomcod

Me an'

Standard Error

Rainbow smelt
Mean
Standard Error

White catfish

Mean
.Standard Error

Spottail shiner

Mean
Standard Error

Overall Day Night Overall Day Night Overall Day Night

39 23 16 45 26 19 45 26 19

36.1 27.9 47.9
7.5 8.9 13.0

4.4 3.3 6.0
1.2 1.0 2.5

88.0 63.2 122.1
16.4 16.2 30.8

10.1 6.9 '14.4
1.8 1.2 3.6

66.4 49.2 90.0
13.0 13.8 23.8

7.5
1.3

5.2 10.5
1.0 2.6

29.3 ,22.7 38.7 74.1 52.6 103.5 56.0 41.2 76.3
6.8 8.4 11.2 15.0 15.3 27.9 12.1 13.1 21.8

0.3 0.2 0.5
0.:i 0.1 .0.2

0.5 0.4 0.6

0.1 0.1 0.3

0.4 0.2 0.6
0.1 0.1 0.2

0.3 0.3 0.3
0.1 0.1 0.1

0.6 0.5 0.8

0.1 0.1 0.2

0.7 0.9 0.5
0.2 0.3 0.2

0.5
0.1

0.5

0.2

0.5
0.1

0.2
<0.1I

0.3 0.7
0.1 0.2

0.7 0.4

0.2 0.1

0.4 0.5
0.1 0.1

0.2 0.2
<0.1I <0. 1

0.6
0.1

0.2
<0.1I

0.6 0.7

0.1 0.2

0.2. 0.2

0.1 0.1

2

3

Data from 84 collections for which collection efficiency, but not the contribution of fish
from a preceeding collection, could be estimated.

Rates were adjusted using empirical collection specific factors -for collection efficiency.

Rates were adjusted using an assumed collection efficiency of 90%..



Table 4-6 Average Izlpingement Rates (No. of fish/hour) at Intakes 21-25 (unadjusted) and 26

(adjusted )during Periods of Fixed or Ristroph Screen Operation at Indian Point Unit
No. 2, January 16 through April 19, 1985.

INTAKE LOCATION INTAKE LOCATION

21 Through 25 Pooled 26

Fixed Screen Ristroph Screen
Species Periods Periods Fixed Screen Ristroph Screen

All Species
Mean 7.4 8.2 34.9 59.0
Standard Error 1.5 1.4 10.5 15.6

Striped bass

Mean 0.9 1.0 4.0 6.5
Standard Error 0.2 0.2 1.1 1.4

White perch

Mean 6.2 7.0 28.4 49.4
Standard Error . 1.4 1.2 10.1 14.5

Atlantic tomcod
Mean 0.1 0.1 0.2 0.4
Standard Error <0.1 <0.1 0 .2 0.1

Rainbow smelt

Mean <0.1 <0.1 0.6 0.6
Standard Error <0.1 <0.1. 0.2 0.2

White catfish

Mean <0.1 <0.1 0.4 0.6

Standard Error <0.1 <0.1 0.1 0.1

Spottail shiner

Mean <0.1 <0.1 0.2 0.2

Standard Error <0.1 <0.1 0.1 0.1

1At intakes 21-25 a total of 99 individual screen collectionsa co~rresponding to 22 fixed
screen collection periods and 105 individual screen collections corresponding to .26

Ristroph screen collection periods were pooled for analysis.

2
Impingement rates adjusted assuming 90% collection efficiency for the Riscroph screen
and 50.2% for.the fixed screen.



Table 4-7 Two-way Analysis of Variance Comparing Impingement Rates* for All Species
Combined between Screen Positions (fixed screen plus entrapped and Ristroph
'screen) and Daylight Period (Night or Day) at Indian Point Unit No. 2,
intake 2-6 between 16 January and 19 April 1985.

Degrees of Sum of Mean Calculated *

Source -Freedom Squares Square F-Ratio P>F

Model 3 2.1210 0.7070 3.69 0.0151

Screen Position 1 0.0759 0.40 0.5307

Daylight Period 1 1.9598 10.24 0.0020

Screen Position x Daylight Period 1 0.0929 0.49 0.4882

Error 80 15.3176 0.1915

Total 83 17.4386

Statistical Model:-
'Rate = Screen Position + Daylight Period + Screen Position x Daylight Period + Error

Responsive
Variable = Log10 (X+1), where X = Hourly Impingement Rate for All Species Combined

Fixed Screen Collection Efficiency = Empirical Values
Entrapment Collection Efficiency = 90%
Ristroph Collection Efficiency =90%

Coefficient of Determination (R = 0.12

*Based upon 8-4collections for which data were available with which to make adjustments
for collection efficiency only.

** P>F = Probability of obtaining the calculated F-Ratio by chance.



Table 4-8. Average length (mm) of selected species collected from the fixed and
Ristroph screens at Indian Point.Unit 2, January 16 through April 19,
1985.

Species

White perch

Striped bass

Atlantic tomcod

Spottail shiner

Rainbow smelt

White catfish

Length, (Standard Deviation)

Fixed Screen Ristroph Screen

73.3 (21.8) 74.3 (22.4)

89.2 (13.6) 90.7 (11.9)

140.8 (30.5) 134.6 (24.3)

86.2 (19.2) 89.4 (19.7)

77.0 (5.3) 77.4 (5.7)

109.6 (48.7) 124.1 (60.7)



FIGURE 4-1A LENGTH FREQUENCY DISTRIBUTION FOR WHITE PERCH
IMPINGED ON THE FIXED SCREEN AT INTAKE 26,
INDIAN POINT STATION FROM JANUARY 16 THROUGH APRIL 18, 1985

LENGTH (MI
INTERVALS

000-0 10
011-020
02 1-030
031-040
04 1-050
051-060
061-070
071-080
081-090
091-100
101-110
111-120
121-130
131-140
141-150
151- 160
16 1-170
111-180
18 1-190
191- 200
201-210
211-220
221-230
231-240
241-250
251-260
261-270-
211-280
28 1-290
291-t+++

II
J4

II
II
'I
11
II
II
Ii

II
II

FREQ GUM.
FREQ

I

*
1*

1*
1*
1*
1*
I

0
0
0
2

64
2037
4598
3391
581
40

123
145
118
90

108
88
66
51
47
21
10
3
2
0
1
0
0
0
0
0

0
0
0
2
66

2103
6701

10092
10673
10713
10836
10981
11099
11189
11297
11385
11451
11502
11549
11570
11580
11583
11585
11585
11586
11586
11586
11586
11586
11586

PERCENT

0.00
0.00
0.00
0.02
0.55
17.58
39.69
29.21
5.01
0.35
1 .06
1.25
1.02
0.78
0.93,
0.76
0.51
0.441
0.41
0.18
0.09
0.03
0.02
0.00
0.01
0.00
0.00
0.00
0.00
0.00

IGUM.
PERCENT

0.00
0.00
0.00
0.02
0.57

18.15
57.84
87.11
92.12
92.47
93.53
94.78
95.80
96.57
97.51
98.27
98.83
99.27
99.68
99.86
99.95
99.97
99.99
99.99
100.00
100.00
100.00
100.00
100.00
100.00

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38
PERCENT



FIGURE 4-18 LENGTH FREQUENCY DISTRIBUTION FOR WHITE PERCH
IMPINGED ON THE RISTROPH SCREEN AT INTAKE 26,
INDIAN POINT STATION FROM JANUARY 16 THROUGH APRIL 18, 1985

LENGTH (MM) FREQ GUM. PERCENT CUM.
INTERVALS FREQ PERCENT

000-010 I0 0 0.00 0.00
011-020 I0 0- 0.00 0.00
021-030 I0 0 0.00 0.00
031-040 I0 0 0.00 0.00
041-050 1*11101 0.27 0.21
051-060 I4888 4989 13.16 13.43
061-070 ****************************************4* j14618 19607 39.35 52.18
071-080 J*.*.*1*e**4*****v*t******

4 ****** 4 ****12675 32282 34.12 86.90
081-090 2257 34539 6.08 92.98
091-100 1* 235 34774 0.63 93.61
101-110 I~286 35060 0.77 94.38
111-120 ,*381 35441 1.03 95.40
121-130 i~241 35682 0.65 96.05
131-14o0 1 202 35884 0.54 96.60
141-150 1*180 36064 0.48 97.08
151-160 I~171 36235 0.146 91.54
161-170 j*192 36427 0.52 98.06
111-180 1*219 36646. 0.59 98.65
181-190 1*241 36881 0.65 99.30
191-200 1121 310114 0.34 99.64
201-210 I74 37088 0.20 99.84
211-220 I39 31121 0.10 99.94
221-230 13 37140 0.3 99.98
231-240 j3 31143 0.01 99.99
2141-250 I3 37146 0.01 99.99
251-260 I1 37141 0.00 100.00
261-270 I1 31148 0.00 100.00
271-280 I0 31148 0.00 100.00
281-290 0 37148 0.00 100.00
291-+t* 0 37148 0.00 100.00

2 4 6 8 1012 1416'18 2022 2426 28 30 3234 36 38
PERCENT



FIGURE 4-2A LENGTH FREQUENCY DISTRIBUTION FOR ATLANTIC TOM4COD
IMPINGED ON THE FIXED SCREEN AT INTAKE 26,
INDIAN POINT STATION FROM JANUARY 16 THROUGH APRIL 18, 1985

FREQ GUM.. PERCENT CUM.
FREQ PERCENT

LENGTH (MM)
INTERVALS

000-010
011-020
02 1-030
031-040
041-050
05 1-060
06 1-070
071-080
08 1-090
091-100
101-110
111-120
121-130
131-140
141- 150
151- 160
161- 170171-180
181-190
191-200
201 -210
211-220
22 1-230
231-240
241 -250
25 1-260
261 -270
211-280
281-290
291 -+++

-- - - - - - - -- - - - - - - - -- - - - - - - -
2 *** *4**6*8**10*12**14*16**18**20*22**24

I ******4b*******PERCENT **t*

0 0.
0 0
0 a
0 0
0 0
0 0
o o
0 0
0 0
3 3
8 11

16 2?
28 55
21 76
10 86
14 *100
3 103
1 104
1 105
O 105
4 109
4 113
3 116
1 117
0 117
0 117
0 117h
0 117
0 117
0 117

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
2.56
6.84
13.68
23.93
11.95
8.55
11.91
2.56
0.85
0.85
0.00
3.42
3.42
2. 56
0.85
y.oo0
.0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
2.56
9.40

23.08
47.01
64.96
73.50
85.47
88.03
88.89
89.14
89.74
93.16
96. 58
99.15
100.00
100.00
100.00
100.00
100.00
100.00
100.00



FIGURE 14-2B LENGTH FREQUENCY DISTRIBUTION FOR ATLANTIC TOMCOD
IMPINGED ON THE RISTROPH SCREEN-AT INTAKE 26,
INDIAN POINT STATION FROM JANUARY 16 THROUGH APRIL 18,1985

LENGTH (MM)
I NTERVALS

000-0 10
011-020
021-030
031-040
0141-050
05 1-060
061 -070
07 1-080
08 1-090
091- 100
101-110
111-120
12 1-130
131-140
1141-150
15 1-160
161-170
171- 180
18 1-190
19 1-200
20 1-210
211-220
22 1-230
231-2410
241-250
25 1-260
261-270
271-280
281-290
291-+++

FREQ CUM.
FREQ

it * ***** ** ** * ****** ** *** ** *

.wwwewwwwwwwr.wwrwwrwwwwww

* * ** *
**
**

0
0
0
0
0
0
0
0
0
8
33
66

100,
714
59
22
10
14
5
8
6
2
2
2
1
0
0
0
0
0

0
0
0
0
0
0
0
0
0
8

41
107
207
281
340
362
372
376
381
389
395
397
399
4101
4102
1402
1402
1402
4102
4102

PERCENT

0.00
0. 00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.99
8.21
16.42
24.88
18.41
141.68
5.417
2' ,49
1.00
1.214
1 .99
1.49
0.50
0.50
0.50
0.25
0.00
0.00
0.00
0.00
0.00

GUM.
PERCENT

0.00
.0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.99
10.20
26.62
51.49
69.90
814.58
90.05
92.54
93.53
914.78
96.77
98.26
98.76
99.25
.99.75
100.00
100.00
100.00
100.00
*100.00
100.00

*
*

2 11 6 8 10 12 114 16 18 20 22 214
PERCENT



FIGURE 4-3A LENGTH FREQUENCY DISTRIBUTION FOR STRIPED BASS
IMPINGED ON THE FIXED SCREEN AT INTAKE 26,
INDIAN POINT STATION FROM JANUARY 16 THROUGH APRIL 18,1985

LENGTH (MM)
I NTERVALS

000-010
011-020
021-030
031-04.0 I
041-050 I
051-060
061-070
071-080
081-090
091-100 I
101-110
111-120
121-130
131-140
1141-150 I
151-160
161-170 I
171-180
181-190 I
191-200
201-210 .
-211-220 I
221-230
231-2140 I
241-250
251-260
261-270 I
271-280
281-290
291-+++

FREQ CUM.
FREQ

It**1t******1t****1tUWff***~**1t***1t~

*

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

107 109
293 4.02
54.0 94.2
469 1411
218 1629
53 1682

9 1691
0 1691
0 1691
0 1691
0 1691
O 1691
0 1691
0 1691
1 1692
0 1692
1 1693
0 1693
O 1693
O 1693
0 1693
0 1693
1 1694
0 1694

PERCENT

0.00
0.00
0.00
0.00
0.00
0.12
6.32

17.30
31.88
27.69
12.87
3.13
0.53
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.06
0.00
0.06
0.00
0.00
0.00
0.00
0.00
0.06
0.00

cum.
PERCENIT

0.00
0.00
0.00
0.00
0.00
0.12
6.43

23.73
55.61
83.29
96.16
99.29
99.82
99.82
99.82
99.82
99.82
99.82
99.82
99.82
99.88
99.88
99.94
99.94
99.94
99.94
99.94
99.94
100.00
100.00

2 14 6 8 10 12 14 16 18 20 22 24 26 28 30 32
PERCENT



FIGURE 4-3B LENGTH FREQUENCY DISTRIBUTION FOR STRIPED BASS
IMPINGED ON THE RISTROPH SCREEN AT INTAKE 26,
INDIAN POINT STATION FROM JANUARY 16 THROUGH APRIL 18,1985

LENGTH (MM)
INTERVALS

000-010
011-020
021-030-
031-040
041-050
051-060
061-070
071-080
08 1-090
091-100
101-110
111-120
121-130
131-140
141-150
15 1-160
161-170
171-180
181-190
191-200
201-210
211-220
22 1-230
231-240
24 1-250
25 1-260
261-270
271-280
28 1-290
291-+

FREQ cum.
FREQ

* * ** ** *

0
0
0.
0
0
6

216
802
1701

** 1737
791
197
26
3
2
1
1
0
0
0
0
0
0
0
a
1
0
0
0
1

0
0'
0
0
0
6

222
1024
2725
4462
5253
5450
5476
5479
5481
5482
5483
5483
5483
5483
5483
5483
.5483
5483
5483
5484
5484
5484
5484
5485

PERCENT

0.00
0.00
0.00
0.00
0.00
0.11
3.94
14.62
31.01
31 .67
14.42
3.59
0.47
0.05
0.04
0.02
0.02
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.02
0.00
0.00
0.00
0.02

cum.
PERCENIT

0.00
0.00
0.00
0.00
0.00
0.11
4.05
18.67.
49.68
81.35
95.77
99. 36
99.84
99.89
99.,93
99.95
99.96
99.96
99.96
99.96
99.96
99.96
99.96
99. 96
99.96
99.98
99i.98
99.98
99.98
100.00

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
PERCENT



FIGURE 4-4A LENGTH FREQUENCY DISTRIBUTION FOR SPOTTAIL SHINER.
IMPINGED ON THE FIXED SCREEN AT INTAKE 26,.
INDIAN POINT STATION FROM JANUARY 16 THROUGH APRIL 18,1985

LENGTH (MM)
I NTERVALS

000-010
011-020
021-030
031-040
041-050
05 1-060
06 1-070
07 1-080
08 1-090
09 1-100
101-110
111-120
121-130
131- 140
141-150
151-160
161-170
171- 180
181ý-190
191-200
201 -210
211-220
22 1-230
231-240
241-250
251-260
261-270
271-280
28 1-290
291 -+++

FREQ CUM.
FREQ

---- ... -- m- ýmam-m-

2 4 6 8 1012 1416 1820 22 242628 30.
PERCENT

0
0
0
0
0
1

24
30
5
2
20
12
2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
1

25
55
60
62
82
94
96
96
96
96
96
96
96
96
96
96
96
96
96
96
96
96
96
96

PERCENT

0.00
0.00
0.00
0.00
0.00
1.04

25.00
31.25
5.21
2.08
20.83
12.50
2.08
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

CUM.
PERCENT

0.00
0.00
0.00
0.00
0.00
1.04

26.04
57.29
62.50
64.58
85.42
97.92
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00



FIGURE 4-48 LENGTH FREQUENCY OfISTRIBUTION FOR SPOTTAIL SHINER
IMPINGED ON THE RISTROPH SCREEN AT INTAKE 26,
INDIAN POINT STATION FROM JANUARY 16 THROUGH APRIL 18, 1985

LENGTH (MM)
I NTERVALS

000-010
011-020
02 1-030
031-040
041-050
051-060
061-070 I
011-080 I
081-090 I
091-100 1
101-110 I
111-120
121-130 I
131-140 I
1411-150 I
151-160
161-170 I
111-180
181-190
191-200
201-210 I
211-220 I
221-230
231-240 1
241-250 1
251-260 1
261-270 1
211-280 I
281-290 1
291-+++ 1

FREQ CUM.
FREQ

eieeiuIt..e.*itniei.stitse**new ***w*wte**w**twett****.*t*wwe*eetesetet**e*teehtfl*tw*t..

44*

0
0
0
0
0
6
42
,44
18
17
144
38
2
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
.0
0
6

48
92
110
127
A71
209
211
211
212
212
212
212
212
212
212
212
212
212
212
212
212
212
212
212

PERCENT

0.00
0.00
0.00
0.00
0.00
2.83
19.81
20.75
8.49
8.02
20.75
17.92
0.94
0.00
0.47
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

CUMI.
PERCENT

0.00
0.00
0.00
0.00
0.00
2.83

22.64
43.40
51.89
59.91
80.66
98.58
99.53
99.53
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

1 2 3 4 5 6 1 8 9 10 11 12 13 14 15 16 17 18 19 20
PERCENT



C

FIGURE 4-5A LENGTH FREQUENCY DISTRIBUTION FOR RAINBOW SMELT
IMPINGED ON THE FIXED SCREEN AT INTAKE 26,
INDIAN POINT STATION FROM4 JANUARY 16 THROUGH APRIL 18,1985

LENGTH (MM)
I NTERVALS

000-0 10
011-020
021-030
031-0410
041-050
051-060
061-070
071-080
081-090
091-100
101-110
111-120
121-130
1 31-140
141-150.
151 -160
16 1-170
.17 1-180
181- 190
191 -200
201-210
211-220
221-230
231-240
241-250
25 1-260
26 1-270
27 1-280
28 1-290
291-+++

FREQ CUM.
FREQ

* ** ****** * * * *04***** *** 4*4** ** * 4 **a 4&4&**** ***a 4 *ý M *4*4ý4* -I& ý4& 4* * "46 4 4416 "4&aaa4&4& 0 446ý

I - - - - - - - - - - -- - - - - - - - - - - -- - - - - - - - - - - -- - - - - - - - - - -

3 6 9 12 15 18 21 24 21 30 33 36 39 42 45 48 51 54 57 60 63 66
PERCENT

0
0
0
0
0
0
12
95
30
2
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
12

107
137
139
139
139
139
139
139
139
139
139
139
139
1 39
139
139
139
139
139
139
139
139
139

PERCENT

0.00
0.00
0.00
0.00
0.00
0.00
8.63
68.35
21.58
1.44
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

CUM.
PERCENT

0.00
0.00
0.00
0.00
0.00
0.00
8.63
76.98
98.56
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00



FIGURE 4-5B LENGTH FREQUENCY-DISTRIBUTION FOR RAINBOW SMELT
IMPINGED ON THE RISTROPH SCREEN AT INTAKE 26,
INDIAN POINT STATION FROM JANUARY 16 THROUGH APRIL 18, 1985

LENGTH (MM)
INTERVALS

000-010
011-020 I
021-030
031-040O
041-050 I
051-060 I
061-070
071-080
081-090
091- 100
101-110
111-120 I
121-130 I
131-140 I
141-i50 1
151-160 I
161-170
171-180
181-190
191-200 I
201-210 I
211-220 I
221-230 I
231-240 I
241-250 I
251-260 I
261-270
271-280 I
281-290 I
291-+++

FREQ CUM.
FREQ

0
0
0
0
0
0
37

226
87
-7
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
37

263
350
357
358
358
358
358
358
358
358
358
.358
358
358
358
358
358
358
358
358
358
358
358

PERCENT

0.00
0.00
0.00
0.00
0.00
0.00
10.34
63.13
24.30
1 .96
0.28
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

CUM.
PERCENT

0.00
0.00
0.00
0.00
0.00
0.00
10.34
73.46-
97.77
99.72
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

-I

3 6 9 12 15 18 21 24 27 30 33 36 319 42 45 48 51 54 51 60 63
PERCENT



FIGURE 4-6A LENGTH FREQUENCY DISTRIBUTION FOR WHITE CATFISH
IMPINGED ON THE FIXED SCREEN AT INTAKE 26,
INDIAN POINT STATION FROM JANUARY 16 THROUGH APRIL 18,1985

LENGTH (MM)
INTERVALS

000-0 10
011-020
021-030
031-040
041-050
051-060
061-070
071-080
081-090o
09 1-100
101-110
111-120
121-130
131- 140
141-150
151-160
161- 170
1 71-180
181-190
191-200
201-210
211-220
221 -230
23 1-240
241-250
251-260
26 1-270
271-280
28 1-290
291 -- +++

FREQ CUM.
FREQ

* **** * * *
* *** ** ** * * ** ** *** *** * ** *

2 4 6' 8 10 12 14 16 18 20 22 24 26
', PERCENT

0
0
0
0
0
0
8
18
28
40
21
1
3
0
0
7
9
4
2
0
3
0
0
0
0
0
0
0
0
3

0
0
0
0
0
0
8
26
54
94

115
116
119
119
119
126
1.35
139
141
141
144
144
144
144
144
144
144
144
144
147

PERCENT

0.00
0.00
0.00
0.00
0.00
0.00
5.44
12.24
19.05
27.21
14.29
0.68
2.04
0.00
0.00
4.76
6.12
2.72
1 .36
0.00
2.04
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
2.04

CUM.
PERCENT

0.00
0.00
0.00
0.00
0.00
0.00
5.44

17.69
36.73
63.95
78.23
78.91
80.95
80.95
80.95
85.71
91.84
94.56
95.92
95.92
97.96
97.96
97.96
97.96
97.96
97.96
97.96
97.96
97.96
100.00



FIGURE 4-68 LENGTH FREQUENCY DISTRIBUTION FOR WHITE CATFISH
IMPINGED ON THE RISTROPH SCREEN AT INTAKE 26,
INDIAN POINT STATION FROM JANUARY 16 THROUGH APRIL 18, 1985

LENGTH (MM)
INTERVALS

000-010
011-020
02 1-0 30
031-040
04 1-050
05 1-060
061 -070
071-080
081-090
091- 100
101-110
111-120
121-130
131-140
141-150
151-160
161- 170
171-180
181-190
19 1-200
201-2 10
211-220
22 1-230
23 1-240
241-250
25 1-260
261-270
271-280
281-290
291-4-1*

FREQ CUM.
.FREQ

*

** * * *

* ** * * * * * * **

o 0o
0 0
O 0
0 0
0 0
5 5

25 30
49 79
70 149
95 244
26 270
1 271
5 276
7 283
5 288

26 314
148 362
314 396
12 408
2 1410
2 412
1 413
O 413
3 416
1 1417
2 419
1 420
0 420
.3 423
11 434

PERCENT

0.00
0.00
0.00
0.00
0.00
1.15
5.76

11.29
16.13
21.89
5.99
0.23
1.15
1.61'
1.15
5.99
11.06
7.83
2.76
0.146
0.146
.0.23
0.00
0.69
0.23
0.146
0.23
0.00
0.69
2.53

CUM.
PERCENT

0.00
0.00
0.00
0.00
0.00
1.15
6.91
18.20
314.33
56.22
62.21
62.44
-63.59
65.21
66.36
72.35
83.41
91.24
94.01
94.47
94.93
95. 16
95.16
95.85
96.08
96.54
96.77
96.77
97.47
100.00

**- - - - - - - - - - - - - -- - - - - - - - - - - - - - -- - - - - - - - - - - - - - -

1 2 0 1 2 13 1 5 1 7 1 9 2 1 2
. PRCN
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APPENDIX A



Appendix Table A-i. Initial and latent percent survival of selected fish species
.collected from Indian Point Unit 2 Ristroph screen, January -
April, 1985 (based on arithmetic mean method).

Fish Sluice

Initial Survival M%
Standard dfe
Method Method

Latent Survival (Z)
*Standard dHe

Method methodSpecies N

Alewif e
Atlantic tomcod
Pumpkinseed
Rainbow smelt
Red hake
Spottail shiner
Striped bass
Tesselated darter
White catfish
White perch

96.4
100.0
100.0
96.8
100.0
100.0
95.6
100.0
98.1
93.*1

16.7
60.*7
75.0
96.5
48.6
95.1
72.5
100.0
83.7
62.2

11.3
77.1
97.7
94.5
0.0

100.0
76.4
100.0
93'.2
84.2

14.3
41.4
72.7
94.5
30.0
98.6
71.4
100.*0
73.1
67.1

14
14
11

7
12
49
13
27
58

Debris Sluice

Initial Survival (Z)
Standard dfe
Method Method

Latent Survival (M
Standard dfe
Method methodSpecies

Alewif e
ýAtlantic tomcod
Pumpkinseed
Rainbow smelt
Red hake
Spottail shiner
Striped bass
Tesselated darter
White catfish
White perch

100.0
100.0
NS

95.3
100.0
100.0
86.1
100.0
96.8-
83.3

0.0
60.0
NS

.67.7
26.7
66.7
58.1
100.0
81.3
43.7

0.0
60.0
NS.-
69.3
13.3

100.0
63.6

100.0
100.0
65.*5

0.0
40.0
NS
65.0
0.0
66.*7
50.9

100.0
68.8
53.4

N

3
5

NS
12
5
3
37
1
16
56

N -Number of survival samples

. S -No sample



Appendix Table A-2. Total percent survival of selected fish species collected
from Indian Point Unit 2 Ristroph screen, January -April,

1985 (based on arithmetic mean method).

Fish Sluice Debris Sluice

Species
Standard
Method

df e
Method

Standard
Method

Alewif e
Atlantic tomcod
Pumpkinseed
Rainbow smelt
-Red hake
Spottail shiner
Striped bass
Tesselated darter
White catfish
White perch

10.9
77.1
97.7
91.5
30.0
100.0
73.0
100.0
91.4
78.4

2.4
25.1
54.*5
91.2
0.0

93.8
51.8

100.0
61.2
41.8

0.0
60.0
NS

65.9
13. 3

100.0
54.8

100.0
96.8
54.6

df e
Method

0.0
24.0
NS

44.0
0.0

44.5
29.6

100.0
55.9
23.3

NS -No sample



APPENDIX TABLE A-3

INITIAL, LATENT AND TOTAL SURVIVAL OF SELECTED FISH SPECIES
IMPINGED ON INDIAN POINT UNIT 2 RISTROPH SCREEN

JANUARY - APRIL 1985.

ALEWI FE

FISH (LOW PRESSURE) SLUICE DEBRIS (HIGH PRESSURE) SLUICE

% INITIAL % LATENT % TOTAL % INITIAL % LATENT % TOTAL
% INITIAL SURVIVAL SURVIVAL SURVIVAL % INITIAL SURVIVAL SURVIVAL SURVIVAL

COLLECTION SURVIVAL (ALIVE (ALIVE AND. (ALIVE AND .SURVIVAL (ALIVE (ALIVE AND (ALIVE AND
DATE (ALIVE ONLY) AND DAMAGED) DAMAGED) DAMAGED) (ALIVE ONLY) AND DAMAGED) DAMAGED) DAMAGED)

03FEB85--------- 0.0 --- 00.-------0----0.00---------0.00-------------------------------

03FEB85 0.00 100.00 0.00 0.00*ftt
08FEB85 0.00 100.00 0.00 0.00 f tf

13FEB85 0.00 100.00 0.00 0.00 *f

13FEB85*ft*t 0.00 100.00 0.00 0.00

13FEB85 0.00 100.00 25.00 25.00ft*t*
20FEB85 0.00 100.00 0.00 0.00 f tf

22FEB85 33.33 100.00 33.33 33.33ft*t*
23FEB85 0.00 100.00 0.00 0.00
25FEB85 *fft0.00 100.00 0.00 0.00
26FEB85 50.00 50.00 100.00 50.00ft*t
27FEB85 0.00 100.00 0.00 0.00*
04MAR85 100.00 100.00 0.00 0.00* tf.t

05MAR85 0.00 100.00 0.00 0.00*ftt
06MAR85 * t0.00 100.00 0.00 0.00
30MAR85 50.00 100.00 0.00 0.00 tf

05APR85 0.00 100.00 0.00 0.00 *f tf

*-- SAMPLE NOT OBTAINED



APPENDIX TABLE A-4

INITIAL, LATENT AND TOTAL SURVIVAL OF SELECTED FISH SPECIES
IMPINGED ON INDIAN POINT UNIT 2 RISIROPII SCHLEN

JANUARY - APRIL 1985.

ATLANT IC TOM4COD.

FISHI (LOW PRESSURE) SLUICE DEBRIS (111011 PRESSURE) SlUICE

%.INITIAL % LATENT % TOTAL % INITIAL % LATENT % TOTAL
% INITIAL SURVIVAL SURVIVAL SURVIVAL % INITIAL SURVIVAL SURVIVAL SURVIVAL

COLLECI ION SURVIVAL (ALIVE (ALIVE AND (ALIVE AND SURVIVAL (ALIVE (ALIVE AND (ALIVE AHD
DATE (ALIVE ONLY) AND DAMAGED) DAMAGED) DAM4AGED) (ALIVE ONLY) AND DAMAGED) DAMAGED) DAMAGED)

18JAN85 10U.00 100.00 100.00 100.00 N**

28JAN85 100.00 100.00 80.00 80.00 N*N

01F11385 100.00 100.00 100.00 100.00 N**

0511885 0.00 10.00.00 0.00 NN*
05FE085 ***100.00 100.00 100.00 100.00
06I1-B85 N*100.00 100.00 100.00 100.00
101(885 100.00 100.00 50.00 50.00 N**

10FER85 N* 0.00 100.00 0.00 0.00
1 3FEB85 50.00 100.00 100.00 100.00N*N
1311885 0.00 100.00 50.00 50.00N*N
IiFL.I385 0.00 100.00 50.00 50.00N *N

18FEB85 0.00 100.00 100.00 100.00 N*N

18kEB85 NN* 100.00 .100.00 0. Oa 0.00
201-FB85 0.00 100.00 100.00 100.00 **N

23ILD85 ii*N0.00 100.00 100.00 10J0.00
21MAR85 100.00 100.00 100.00 100.00** N
27MAR85 100.00 100.00 100.00 100.00* N*

06APR85 100.00 100.00 100.00 100.00N *N

12APR85 100. 00 100.00 50.00 50.00**

N -SAMPI F NOT OIITAINFI)



APPENDIX TABLE A.-5.

INITIAL. LATENT AND TOTAL SURVIVAL OF SELECTED FISH SPECIES
IMPINGED ON INDIAN POINT UNIT 2 RISTROPH SCREEN

JANUARY - APRIL 1985.

PUMPKINSEED

FISH (LOW PRESSURE) SLUICE DEBRIS (HIGH PRESSURE) SLUICE

%,INITIAL % LATENT % TOTAL % INITIAL % LATENT % TOTAL
% INITIAL SURVIVAL SURVIVAL SURVIVAL % INITIAL SURVIVAL SURVIVAL SURVIVAL

COLLECTION SURVIVAL (ALIVE (ALIVE AND (ALIVE AND SURVIVAL (ALIVE (ALIVE AND (ALIVE AND
DATE (ALIVE ONLY) AND DAMAGED) DAMAGED) DAMAGED) (ALIVE ONLY) AND DAMAGED) DAMAGED) DAMAGED)

30JAN85 - - - - - -- - - - - -- - - - - - -- - - - - -- - - - - -- - - - - -- - - - - - --00.0---00.00-100- -00-100.00--------

301FEN85 100.00 100.00 100.00 100.00***
05FEB85 100.00 100.00 100.00 100.00 f

05FEB85 100.00 100.00 100.00 100.00* **

13FEB85 250.00 100.00 750.00 750.00 f tf

13IFEB85 05.00 100.00 100.00 100.00 f t- f
18FE885 10.00 100.00 100.00 100.00.*fftt
22FEB85 10.00 100.00 100.00 100.00 f f

25FEB85 100.00 100.00 100.00 100.00 f tf

04APR85 100.00 100.00 100.00 100.00 *f tf

12APR85 100.00 100.00 100.00 100.00 tfftt

*-- SAMPLE NOT OBTAINED



* APPENDIX TABLE A.

INITIAL, LATENT AND TOTAL SURVIVAL OF SELECTED FISH SPECIES
IMPINGED ON INDIAN POINT UNIT 2 RISTROPH SCREEN

JANUARY - APRIL 1985.

RAINBOW SMELT

FISH (LOW PRESSURE) SLUICE DEBRIS (HIGH PRESSURE) SLUICE

% INITIAL % LATENT % TOTAL % INITIAL % LATENT % TOTAL
% INITIAL SURVIVAL SURVIVAL SURVIVAL % INITIAL SURVIVAL SURVIVAL SURVIVAL

COLLECTION SURVIVAL (ALIVE (ALIVE AND .(ALIVE AND SURVIVAL (ALIVE (ALIVE AND (ALIVE AND
DATE (ALIVE ONLY) AND DAMAGED) DAMAGED) DAMAGED) (ALIVE ONLY) AND DAMAGED) DAMAGED) DAMAGED)

18JAN85 100.00 100.00 50.00 50.00 **4

30JAN85 * * 100.00 100.00 100.00 100.00
01FEB85 95.45 95.45 95.24 90.91* **

0IFEB85 * 1*71.43 85.71 100.00 85.71
03FEB85 100.00 100.00 100.00 100.00* 14*

03FEB85 41*100.00 100.00 100.00 100.00
05FEB85 66.67 66.67, 100.00 66.67*41*1
06FEB85 414 183.33 . 83.33 100.00 83.33
08FEB85 96.43 100.00 1100.00 100.00 4 1*4

08FEB85 414 190.91 90.91 100.00 90.91
10FEB85 4*41*66.67 83.33 50.00 41.67
13FEB85 100.00 100.00 100.00 100.00*41*1
24FEB85 * 1**0.00 100.00 0.00 0.00
26FEB85 **100.00 100.00 100.00 100.00
27FEB85 100.00 100.00 100.00 100.00*41*1
27FEB85 * 14 1100.00 100.00 100.00 100.00
28FEB85 100.00 100.00 88.89 88.89*41*1
28FEB85 .100.00 100.00 80.00 80.00
04MAR85 100.00 10.0100.00 100.00 4

05MAR85 0.00 100.00 0.00 0.00
10MAR85 /100.00 100.00 100.00 100.00
27MAR85 0.00 100.00 0.00 0.00
03APR85 100.00 100.00 100.00 100.00 14

03APR85 100.00 100.00 100.00 100.00 4 14

* -- SAMPLE NOT OBTAINED



APPENDIX TABLE A-7

INITIAL, LATENT AND TOTAL SURVIVAL OF SELECTED FISH SPECIES
IMPINGED ON INDIAN POINT UNIT 2 RISTROPH SCREEN

JANUARY - APRIL 1985.

RED HAKE

FISH (LOW PRESSURE) SLUICE- DEBRIS (HIGH PRESSURE) SLUICE

% INITIAL % LATENT % TOTAL % INITIAL % LATENT % TOTAL
% INITIAL SURVIVAL SURVIVAL SURVIVAL % INITIAL SURVIVAL SURVIVAL SURVIVAL

COLLECTION SURVIVAL (ALIVE (ALIVE AND (ALIVE AND SURVIVAL (ALIVE (ALIVE AND (ALIVE AND
DATE (ALIVE ONLY) AND DAMAGED) DAMAGED) DAMAGED) (ALIVE ONLY) AND DAMAGED) DAMAGED) DAMAGED)

01FEB85 --- 50.00-- -- -- 100.00 - -- -- - -- -- -0.00- -- - -- -0.00- -- -- - -- - -- -- - -- -- - -- - -- -- - -- -

01FEB85 500 10.0 0.0 0..0000000000
0IFEB85 0.00 100.00 0.00 0.00 *4**

05FEB85 40.00 .100.00- 60.00 60.00 ** -*4

05FEB85 * ***33.33 100.00 66.67 66.67
06FEB85 * ***100.00 100.00 0.00 0.00
08FEB85 100.00 100.00 0.00 0.00 4***

13FEB85 100.00 100.00 100.00 100.00 4 **4

14FEB85 50.00 100.00 50.00 50.00* 4

114FEB85 * *4 *0.00 100.00 0.00 0.00
18FEB85 0.00 100.00 0.00 0.004**
20FEB85 4 **4 0.00 100.00 0.00 0.00

* -SAMPLE NOT OBTAINED



APPENDIX TABLE A-8

INITIAL, LATENT AND TOTAL SURVIVAL OF SELECTED FISH SPECIES
IMPINGED ON INDIAN POINT UNIT 2 RISTROPH SCREEN

JANUARY - APRIL 1985.

SPOTTAIL SHINER

FISH (LOW PRESSURE) SLUICE DEBRIS (HIGH PRESSURE) SLUICE

% INITIAL % LATENT % TOTAL % INITIAL % LATENT % TOTAL
% INITIAL SURVIVAL SURVIVAL SURVIVAL % INITIAL SURVIYAL SURVIVAL SURVIVAL

COLLECTION SURVIVAL (ALIVE (ALIVE AND (ALIVE AND SURVIVAL (ALIVE- (ALIVE AND (ALIVE AND
DATE (ALIVE ONLY) AND DAMAGED) DAMAGED) DAMAGED) tALIVE ONLY) AND DAMAGED) DAMAGED) DAMAGED)

30JAN85 * * * * 100.00 100.00 100.00 100.00--------------------------------------------

301JEB85 100.00 100.00 100.00 100.00 ***
03FEB85 100.00 100.00 100.00 100.00* *

05FEB85 100.00 100.00 100.00 100.00 ***

05FEB85* * 100.00 100.00 100.00 100.00
08FEB85 750.00 100.00 100.00 100.00 ***

OBFEB85 100.00 100.00 100.00 100.00 ***

13FEB85 100.00 100.00 100.00 100.00 ***

13FEB85 10** 0.00 100.00 100.00 100.00
13FEB85 66.67 100.00 100.00 100.00 ***

18FEB85 100.00 100.00 100.00 100.00 ***

22FEB85 100.00 100.00 100.00 100.00 ***

25FEB85 100.00 100.00 100.00 100.00 ***

15MA885 100.00 100.00 100.00 100.00 ***

215MAR85 100.00 100.00 100.00 100.00 **

* -- SAMPLE NOT OBTAINED



APPENDIX TABLE A-9.

INITIAL, LATENT AND TOTAL SURVIVAL OF SELECTED FISH SPECIES
IMPINGED ON INDIAN POINT UNIT 2 RISTROPHl SCREEN

JANUARY - APRIL 1985.

STRIPED BASS

FISH (LOW PRESSURE) SLUICE DEBRIS (HIGH PRESSURE) SLUICE

% INITIAL % LATENT % TOTAL % INITIAL % LATENT % TOTAL
% INITiAL SURVIVAL SURVIVAL SURVIVAL % INITIAL SURVIVAL SURVIVAL SURVIVAL

COLLECTION SURVIVAL (ALIVE (ALIVE AND (ALIVE AND SURVIVAL (ALIVE (ALIVE AND (ALIVE AND
DATE (ALIVE ONLY) AND DAMAGED) DAMAGED) DAMAGED) (ALIVE ONLY) AND DAMAGED) DAMAGED) DAMAGED)

18JAN85 100.00 100.00 0.00 0.00 * * * *-- -- -- -- -- - -- -- -- -- -- - -- -- -- -- -- -- - -- -- -- -- -- -

*18JAN85* ** 100.00 100.00 0.00 0.00

21JAN85 66.67 66.67 50.00 33.33 **4

22JAN85 0.00 100.00 0.00 0.00* 4

23JAN85 43.86 80.10 13.89 11.21 4 **4

23JAN85 *50.00 62.50 0.00 0.00
26JAN85 50.00 80.77 25.00 20.19 *4 *4

27JAN85 18.75 87.50 40.00 35.00 4

28JAN85 100.00 100.00 17.65 17.65
30JAN85 73.33 93.33 71.43 66.67* 4

01FEB85 59.52 90.48 89.19 80.69 *4*

01FEB85 4**33.33 33.33 100.00 33.33
03FEB85 0.00 100.00 100.00 100.00 4 *4

05FEB85 54.55 100.00 90.91 90.91 4 *4

05FEB85 4**75.00 100.00 100.00 100.00

06FEB85 *86.36 90.91 77.78 70.71
06FEB85 * *50.00 50.00 100.00- 50.00
08FEB85 22.22 97.22 94.12 91.50 *4

10FEB85 92.31 100.00 100.00 100.00
10FEB85 * *50.00 90.00 60.00 54.00
13FEB85 100.00 100.00 0.00 0.00 *4 *4

13FE885 9.52 47.62 20.00 9.52

13FEB85 80.95 100.00 100.00 100.00
13FEB85 *4 *100.00 100.00 66.67 66.67
14FEB85 27.78 94.44 100.00 94.44
14FEB85 *33.33 83.33 100.00 83.33

18FEB85 72.73 100.00 95.45 95.45* 4

18FEB85 18.18 90.91 60.00 54.55
19FEB85 69.70 1010.00 90.91 90.91 4

*-- SAMPLE NOT OBTAINED



APPENDIX TABLE A-9 (cont'd)

INITIAL, LATENT AND TOTAL SURVIVAL OF SELECTED FISH SPECIES
IMPINGED ON INDIAN POINT UNIT 2 RISTROPH SCREEN

JANUARY - APRIL 1985.

STRIPED BASS

FISH (LOW PRESSURE) SLUICE DEBRIS (HIGH PRESSURE) SLUICE

% INITIAL
% INITIAL SURVIVAL
SURVIVAL (ALIVE

(ALIVE ONLY) AND DAMAGED)

% LATENT
SURVIVAL
(ALIVE AND
DAMAGED)

% TOTAL
SURVIVAL
(ALIVE AND
DAMAGED)

% INITIAL
% INITIAL SURVIVAL
SURVIVAL (ALIVE
(ALIVE ONLY) AND DAMAGED)

% LATENT
SURVIVAL
(ALIVE AND
DAMAGED)

COLLECTION
.DATE

19FEB85
20FEB85
20FEB85
22FEB85
22FEB85
23FEB85
23 FEB85
24FEB85
24FEB85
25 FEB85
25FEB85
26FEB85
26FEB85
27FEB85
27FEB85
28FEB85
28FEB85
04M AR8 5
04MAR85
05MAR85
05MAR85
06MAR85
06MAR85
07MAR85
07MAR85
10MAR85
10MAR85
11MAR85
11MAR85

65.22

1000

100.00

529

100.00

100.00

680.00

100.00

62.50

82.76

95.65
10.0

100.00
1000

100.00
10.0

100.00

100.00
875

100.00
666

100.00
975

100.00

100.00

92.31

88.24
10.0

100.00

100.00

900.00

100.00
94.4

7949

77.93

90.03

100.00

92.31

88.24
41000

100.00

100.00

90.00

87.50

100.00

66.67

94.44

77.50

77.93

0.00
0.0

50.00
1000

50.00

100.00

50.00u

10.00

87.50

50.00k
4157

100.00

100.00

50.00
1000

100.00

100.00

100.00

87.50

100.00

1000

62.50

40.00
10.0

100.00
4100

100.00
1000

100.00

7143

100.00

100.00

10.00

33.33

Z TOTAL
SURVIVAL
(ALIVE AND
DAMAGED)

62.50
40.0

50.00

500.00
1000

100.00

87.50

83.33

33.33

62.50

66.67

7.06

66.67

0.00

33.33

*1 -- SAMPLE NOT OBTAINED



APPENDIX TABLE A-9. (cont 'd)

INITIAL. LATENT AND TOTAL SURVIVAL OF SELECTED FISH SPECIES
IMPINGED ON INDIAN POINT UNIT 2 RISTROPH-SCREEN

JANUARY - APRIL 1985.

STRIPED BASS

FISH (LOW PRESSURE) SLUICE DEBRIS (HIGH PRESSURE) SLUICE

COLLECTION
DATE

% INITIAL
SURVIVAL

(ALIVE ONLY)

% INITIAL
SURVIVAL
(AL IVE

-AND DAMAGED)

% LATENT
SURVIVAL
(ALIVE AND
DAMAGED)

% TOTAL
SURVIVAL
(ALIVE AND
DAMAG ED)

% INITIAL
% INITIAL SURVIVAL
SURVIVAL (ALIVE
(ALIVE ONLY) AND DAMAGED)

% LATENT
SURVIVAL'
(ALIVE AND
DAMAGED)

% TOTAL
SURVIVAL
(ALIVE AND
DAMAGED)

12MAR85
12MAR85
15MAR85
20MAR85
21MAR85
21MAR85
27MAR85
31MAR85
31MAR85
02APR85
03APR85
03APR85
03APR85
03APR85
03APR85
03APR85
04APR85
04APR85
04APR85
05APR85
05APR85
06APR85
06APR85
10APR85
1IAPR85
11APR85
12APR85

58.33

10.0

100.00
100.00

61.11

88.89
100.00

100.~00
100.00

100.00

10.0
100.00

100.'00

83. 33
0.00

0.00

58.33

10.0

100.00
100.00

100.00

100.00

100.00

10.0
100.00

100.00

100.00
10.0

1 00.00

85.71

15.00
100.00
66. 67

10.0

100.00
10.0

100.00
100.00

10.0

100.00

100.00
100.00

100.00

10.00

0.00

50.00

75.00
100.00
66.67

100.00

88.89,
100.00

10.0
100.00
100.00

100.00

10.0
100.00

100.00

33.33
0.00

0.00

0.00

33, 33
93.75
10.0

100.00

100.00

100.00

10.00

28.57

100.00

100.00

10.0

100.00

100.00

100.00

0.00
76.92

10.0

100.00

100. 00

10.00

50.00

10.00

2 8.57

0.00
76.92

10.0

100.00

100.00

10.00

0.0

50.00.

10.00

-- SAMPLE NOT OBTAINED



APPENDIX TABLE A-10

INITIAL, LATENT AND TOTAL SURVIVAL OF SELECTED FISH SPECIES
IMPINGED ON INDIAN POINT UNIT 2 RISTROPII SCREEN

JANUARY - APRIL 1985.

TESSELLATED DARTER

FISH (LOW PRESSURE) SLUICE DEBRIS (HIGH PRESSURE) SLUICE

% INITIAL % LATENT % TOTAL .% INITIAL % LATENT % TOTAL
% INITIAL SURVIVAL SURVIVAL SURVIVAL % INITIAL SURVIVAL SURVIVAL SURVIVAL

COLLECTION SURVIVAL (ALIVE (ALIVE AND (ALIVE AND SURVIVAL (ALIVE (ALIVE AND (ALIVE AND
DATE (ALIVE ONLY) AND DAMAGED) DAMAGED) DAMAGED) (ALIVE ONLY) AND DAMAGED) DAMAGED) DAMAGED.)

01FEB85-- --- 100.00 -- -- -- ---100.00-- -- -----100.00-- -- -- ---100.00-- -- -- -- - -- -- -- -- -- -- -- -

05MAR85* ** 100.00 100.00 100.00 100.00
15MAR85 100.00 100.00 100.00 100.00 ***

215MAR85 100.00 100.00 100.00 100.00 ***

26MAR85 100.00 100.00 100.00 100.00* **

31MAR85 100.00 100.00 100.00 100.00***
02MAPR85 100.00 100.00 100.00 100.00** *

03APR85 100.00 100.00 100.00 100.00 ***

O03APR85 100.00 -100.00 100.00 100.00 ***

06APR85 100.00 -100.00 100.00- 100.00** *

106APR85 100.00 100.00 100.00- 100.00.**
11APR85 100.00 100.00 100.00 100.00* *

11APR85 100.00 100.00 100.00 100.00 ***

12APR85 100.00 100.00 100.00 100.00**

* -SAMPLE NOT OBTAINED



APPEND IX TABLE A-IlI

INITIAL, LATENT AND TOTAL SURVIVAL OF SELECTED FISH SPECIES
IMPINGED ON INDIAN POINT UNIT 2 RISTROPH SCREEN

JANUARY - APRIL 1985.

WHITE CATFISH

FISH (LOW PRESSURE) SLUICE DEBRIS (HIGH PRESSURE) SLUICE-

COLLECT ION
DATE

.% INITIAL
% INITIAL SURVIVAL
SURV-IVAL (ALIVE

(ALIVE ONLY) AND DAMAGED)

%LATENT
SURVIVAL
(ALIVE AND
DAMAGED)

% TOTAL
SURVIVAL
(ALIVE AND
DAMAGED)

% INITIAL
.SURVIVAL
(ALIVE ONLY)

% INITIAL
SURVIVAL
(AL IVE

AND DAMAGED)

% LATENT
SURVIVAL
(ALIVE AND
DAMAGED)

% TO0TAL
SURVIVAL
(ALIVE AND
DAMAGED)

21JAN85
0 1FEB85
03FEB85
05FEB85
05FEB85
06FEB85
08FEB85
08FEB85
10FEB85
13FEB85
13FEB85
18FEB85
24FE885
24 FEB85
27FEB85
04MAR85
05MAR85
05MAR85
06MAR85
06MAR85
07MAR85
07MAR85
10MAR85
11MAR85
15MAR85
15MAR85
30MAR85
.3 1MAR85
02APR85

92.86
100.00
100.00

100.00

100.00
50.00

0.00
100.00

10.0
100.00
100.00

100.00

500.00

100.00

50-0

100.00

10.0

100.00
100.00

100.00

100.00
10.0

100.00
100.00

100.00

100.00

10.0

100.00
100.00

40.0

100.00
100.00

100.00

100.00
10.0

100.00
500.00
10.0

100.00

100.00

*0.0

100.00,

100.00
100.00

10.0

100.00
100.00

100.00

100.00
40.0

100.00

50.00

10.0

100.00

100.00

10.0

100.00

100.00

100.00

100.00

0.0

100.00

50.00

100.00

100.00

100.00

100.00

10.0

100.00

100.00

100.00

100.00

100.00

100.00

10.0

100.00

100.00

100.00

100.00

100.00

100.00

10.0

100.00

100.00

100.00

*-- SAMPLE NOT OBTAINED



APPENDIX TABLE A-i1 (cont'd)

INITIAL, LATENT AND TOTAL SURVIVAL OF SELECTED FISH SPECIES
IMPINGED ON INDIAN POINT UNIT 2 RISTROPH SCREEN

JANUARY - APRIL 1985.

WHITE CATFISH

FISH (LOW PRESSURE) SLUICE DEBRIS (HIGH PRESSURE) SLUICE

COLLECT ION
DATE

% INITIAL
SURVIVAL

(ALIVE ONLY)

% INITIAL
SURVIVAL
(ALIVE

AND DAMAGED)

% LATENT
SURVIVAL
(ALIVE AND
DAMAGED)

% TOTAL
SURVIVAL
(ALIVE AND
DAMAGED)

% INITIAL
SURVIVAL
(ALIVE ONLY)

% INITIAL
SURVIVAL
(AL IVE

AND DAMAGED)

% LATENT
SURVIVAL
(ALIVE AND
DAMAGED)

% TOTAL
SURVIVAL
(ALIVE AND

DAMAGED)

03APR85
03APR85
03APR85
04APR85
0'4APR85
05APR85
05APR85
06APR85
06APR85
10APR85
10APR85
11APR85
11APR85
12AP985

0.00
50.00
66.67
.100.00
100.00
100.00

10.0

100.00

.100

100.00

100.00
100.00
100.00
100.00
100.00
100.00

10.0

100.00

10.0

100.00

0.00
100.00
66.67
100.00
100.00
100.00

10.0

100.00

10.0

100.00

0.00
100.00
66.67
100.00
100.00
100.00

10.0

100.00

10.0

100.00

10 .0

100.00 100.00

10.00

100. 00

10.00

100.00

*-- SAMPLE NOT OBTAINED



APPENDIX TABLE A-1.2

INITIAL, LATENT AND TOTAL SURVIVAL OF SELECTED FISH SPECIES
IMPINGED ON INDIAN POINT UNIT 2 RISTROPH SCREEN

JANUARY - APRIL 1985.

WHITE PERCH

FISH (LOW PRESSURE) SLUICE DEBRIS (HIGH PRESSURE) SLUICE

INITIAL
% INITIAL SURVIVAL
SURVIVAL (ALIVE

(ALIVE ONLY) AND DAMAGED)

% LATENT
SURVIVAL

(ALIVE AND
DAMAGED)

% TOTAL
SURVIVAL
(ALIVE AND
DAMAGED)

% INITIAL
% INITIAL SURVIVAL
SURVIVAL (ALIVE
(ALIVE ONLY) AND DAMAGED)

%LATENT
SURVIVAL
(ALIVE AND

DAMAGED)

% TOTAL
SURVIVAL
(ALIVE AND

DAMAGED)
COLLECTION

DATE

18JAN85
I8JAN85
21JAN85
21JAN85

*22JAN85
23JAN85
26JAN85
26JAN85
26JAN85
27JAN85
27JAN85
28JAN85
28JAN85

01 FEB85
01 FEB85
03FEB85
03FEB85
05FE885
05FEB85
06FEB85
06FEB85
08FE885
08FEB85
10FEB85
I0FEB85
13 FEB85
1 3FEB85
13FEB85

60.00

7.14.

50.00
51.67

71 .43

54.79

87.59

22.73
52.35

57.114

6'4.15

35.42

70.18

28.00

54.65

100.00

78. 57

100.00
79.90

100.00

99.32

97.08

63.64
97.32

8 5.71

100. 00

97.92

98.25

80.00

98.84

100.00

100.00

80.00
71.55

85.00

95.83

87.50

78.57
85.71

100.00

96.23

9*4.87

98.21

80.00

100.00

100.00

78.57

80.00
57.17

85.00

95.18i

84.95

50.00
83.41

85.71

96.23

92.90

96.149

64.00

98.84

10.0

100.00

10.00

50.00

35.7
732.568

50.0

9.09

10.0

100.00

66.6

100.00

66.67

96.97

*45. 45

*40. 00

64.29
88.37
50.00

90.00

75.00

65.91

100.00

47.37

62.50

50.00

26.00

50.00

83.33

100.00

88.89
97. 14
100.00

100.00

93.33

46.15

100.00

47.37

41.67

50.00

23.83

48.48

37.88

40.00

57.14
85.85
50.00

ft

90.00

70.00

30.42

ft -- SAMPLE NOT OBTAINED



APPENDIX TABLE A-12 ( cont 'd)

INITIAL, LATENT AND TOTAL SURVIVAL OF SELECTED FISH SPECIES
IMPINGED ON INDIAN POINT UNIT 2 RISTROPH SCREEN

JANUARY - APRIL 1985.

WHITE PERCH

FISH (LOW PRESSURE) SLUICE DEBRIS (HIGH PRESSURE) SLUICE

COLLECT ION
DATE

% INITIAL
SURVIVAL

(ALIVE ONLY)

%INITIAL
SURVIVAL
(AL IVE

AND DAMAGED)

% LATENT
SURVIVAL
(ALIVE AND
DAMAGED)

% TOTAL
SURVIVAL
(ALIVE AND
DAMAGED)

% INITIAL
SURVIVAL
(ALIVE ONLY)

% INITIAL
SURVIVAL
(AL IVE

AND DAMAGED)

%LATENT
SURVIVAL
(ALIVE AND
DAMAGED)

% TOTAL
SURVIVAL
(ALIVE AND

DAMAGED)

13FE885
14FEB85

18FEB85
18FEB85
19FEB85
19FEB85
20FE885
20FEB85
22FEB85
22FEB85
23FEB85
23.FEB85
24FEB85
24iFEB85
25FEB85
25FEB85
26FEB85
26FEB85
27FEB85
27FEB85
28FEB85
28FEB85
04MAR85
04MAR85
05MAR85
05MAR85
06MAR85
.06MAR85

29.33

39.72

8'4.67

21.43

74.55

77.10

78. 18

814.59

87.44

85.95

74.49

93.75

90.48

19.44

100.00

96.45

98.61

96.94

914.55

97.20

94.55

9 8.63

97.31

98.38

97.96

100.00

95.24

30.56

100.00

80.28

100.00

96.30

89.80

71 .15

89.41

100.00

78.57

62.79

93.62
10 .0

100.00

90.91

100.00

77.43

98.61

93.35

84.90

69. 16

84.53

98.63

76.46

61.77

91.71

100.00

95.24

27.78

75-00

60.29

14.13

94.05

48.08

37.04

87.10

64. 10

28. 57

56.76

76.67

50.98

50.00
70.0

70.00

95.00

80.88

79.35

94.05

82.69

77.78

93.55

92.31

93.65

81.08

93.33

84.31

83. 33

80.00

1.00.00

100.00

100.00

63.01

33.33

85.29

88.24

80.00

92.59

30.43

59.09

80.49

57. 14

100.00

74.19

35.29

95.00

80.88

50.00

31.35

70.53

68.63

74.84

85.47

28.50

47.91

75.12

48.18

83.33

59.35

35.29

*-- 'SAMPLE NOT OBTAINED



APPENDIX TABLE A-.12 (cont'd)

INITIAL, LATENT AND TOTAL SURVIVAL OF SELECTED FISH SPECIES
IMPINGED ON INDIAN-POINT UNIT 2 RISTROPII SCREEN

.JANUARY - APRIL 1985.

WHITE PERCH

FISH (LOW PRESSURE) SLUICE DEBRIS (HIGH PRESSURE) 'SLUICE

COLLECTION
DATE

% INITIAL
SURVIVAL

(ALIVE ONLY)

%INITIAL
SURVIVAL
(ALIVE

AND DAMAGED)

% LATENT
SURVIVAL
(ALIVE AND
DAMAGED)

% TOTAL
SURVIVAL
(ALIVE AND
DAMAGE D)-

% INITIAL
SURVIVAL
(ALIVE ONLY)

% INITIAL % LATENT
SURVIVAL SURVIVAL
(ALIVE (ALIVE AND

AND DAMAGED) DAMAGED)

% TOTAL
SURV IVAL
(ALIVE AND
DAMAGED)

07MAR85 61.76
07MAR85
10MAR85 61.17
IOMAR85*
11MAR85 60.30
11MAR85
12MAR85 64.15
12MAR05*
14MAR85 94.12
14MAR85
15MAR85 914.74
15MAR85 4
20MAR85 80.00
20MAR85*
21MAR85 79.31
21MAR85
26MAR85 0.00
26MAR85*
27MAR85 90.13
27MAR85
30MAR85 78.57
30MAR85 4
31MAR85 80.95
31MAR85*
OIAPR85 70.00
01APR85
02APR85 90.00
02APR85
03APR85 85.71

85.29

90.29

98.49

92.45
10.0

100.00

90.00

93.10

1010

100.00

92.86

96.83

80.00-

10.0

100.00

100.00

63.10

42.86

64. 00

73.33

90.714

77.78

88.89

50.00

86.87

100.00.

97.30

80.00

93.33

100.00

85.29

56.97

42.2 1

59.17

73.33

90.74

70.00

82.76

50.00

86.87

92.86

94.21

64.00

93.33

100.00

5.56

8.82

2.67

39.73

40.00

69.05

64.29

54.55

0.00

62.62

75.00

685.19

60.00

75.00

83.33

73.53

96.67

68.49
*0.0

100.00
*7.5

100.00

78.57

100.00

91.67

57.14

10.00

21.28

51.06

25.00

40.54

36.3

36.36

0.00

53. 37

90.91

10.0

100.00

100.00

47.62

7.35

20.57

34.98

25.00

40.54

28.57

36.36

0.00

52.62

83.33

88.89

80.00

91.67

* -- SAMPLE NOT OBTAINED



APPENDIX TABLE A-12 (cont'd)

INITIAL, LATENT AND TOTAL SURVIVAL OF SELECTED FISH SPECIES
IMPINGED ON INDIAN POINT UNIT .2 RISTROPH SCREEN

JANUARY - APRIL 1985.

WHITE PERCH

FISH (LOW PRESSURE) SLUICE DEBRIS (HIGH PRESSURE) SLUICE

% INITIAL
% INITIAL SURVIVAL
SURVIVAL (ALIVE

(ALIVE ONLY) AND DAMAGED)

% LATENT
SURVIVAL
(ALIVE AND
DAMAGED)

% TOTAL
SURVIVAL
(ALIVE AND
DAMAGED)

% INITIAL
% INITIAL SURVIVAL
SURVIVAL (ALIVE
(ALIVE ONLY) AND DAMAGED)

%.LATENT
SURVIVAL
(ALIVE AND
DAMAGED)

% TOTAL
SURVIVAL
(ALIVE AND
DAMAGED)

COLLECT ION
DATE

03APR85
03APR85
03APR85
03APR85
03APR85
03APR85
04A PR85
014APR85
04APR85
0~4A PR85
05APR85
05APR85
06APR85
06APR85
10APR85
I0APR85
1IIAPR85
1I1APR85
12APR85
12APR85
12APR85
12APR85
12APR85
12APR85
12APR85

10.0

100.00

76.92

33.33
0.00

100.00
80.70

10.0.00

55.00

73.147

0.00

0.00

0.00

-100

-100.00

100.00

66.67
75.00

10.0
100.00

100.00

850

100.00

850.00

100.00

10.0

100.00

100.00

960.00

100.00

92.98

100.00

6'4.71

.70.11

3 7.50

60.00

25.00

10.0

100.00

96.00

66.67
75.00

100.00
92.98

100.00

5.5.00

70.11

37.50

60.00

25.00

16.67

100.00

100.00

0.00

100.00

100.00

100.00

100.00

50.00

100.00

100.00

83.33

100.00

100.00

72.73

92.86

14.29

51.06
50.00

33.33

0.00

'100.00

83.33

100.00

100.00

50.00

72.73

92.86

8.93

38.71
16.67

16.67

0.00

100.00

* -- SAMPLE NOT OBTAINED



APPENDIX B



Table B3-i List of 58 Fish Collections for Which Data Were Available to Estimate Collection Efficiency and the Contribution of Fish From One

Previous Impingement Interval

Sample Sample Sample Sample Rainbow Spottail

Sample Date Mode PERIOD Time Smelt Shiner

Striped
Barss

Atlantic
Tomcod

White
Cat f ish

White
Perch

All Species
Combined

42

52

54

58

62

64
66
70

74
76

78

82

86
88

98

1.00
1.10

112
114

118

126
130
134

136

138

146
148

152

156

168

170
234

238

01/24/85
01/25/85

01/26/85

01/26/85

01/27/85
01/27/85
01/28/85

01/28/85

01/29/85

01/29/85

01/30/85

01/30/85

01/31/85

01/31/85
02/02/85

02/02/85

02/04/85

02/04/85
02/05/85
02/05/85

02/07/85

02/07/85
02/08/85

02/08/85

02/109/85

02/10/85
02/11/85

02/11/85

02/12/85

02/14/85

02/14/85

02/19/85

Ristroph

Ristroph

Ris troph

Fixed

Fixed

Ristroph

Ristroph

Fixed

Fixed

Ristroph

Ristroph

Fixed

Fixed

Ristroph
Fixed

Ristroph

Fixed

Ristroph
Ristroph

Fixed

Ristroph
Fixed

Fixed
Ristroph

Ristroph

Ristroph

Ristroph
Fixed

Fixed
Fixed

Ristroph
Ristroph

Fixed

Night
Day

Night

Day

Night
Day

Night
Day

Night

Day
Night

Day

Night
Day
Night

Day .

Night

Day
Night

Day

Night
Day

Night

Day

Night

Day

Night

Day

Night

Night

Day
Night

Day

1015
2115

755

2030

840

2040
800
2050

830
2000

800
2030

900

2030
930

2030

850
2030
900

2150

800
2200

845

2045

830

2000

830

2120

81.5
910

2300
850

2045

2

4

2

2

0

0
2

5
7

22
12

10
38

27
7

8

3

4
9

3

7
7

5

59

29

9
4

2

1

0

0
0

0

253
238

237

16

19

85
206

45

27

Ill
196

4

35
21

16

9

3

22
27

3

29

9

61

Ui2

333

42

57

4

15

15

29
80

4

8'

14

18

a
26

12
19

5

1

5
24

2
4

0
0

2

2

2
5
2

32

0

4
6

U

6

3
2

1
3

2
2

0

1

14
5

0

0
2

6

1

4

14
10

2
4

3
U

10
5

10
-14
2

9
2

9

9

23
6
7

I

3
1

2
3
0

1489
1590
1044

125

238

1013

2151
1287

1292

3381

4161

63
227

177
121

50

14
46

78

29

84

21

183
258

1512

178
321

20

64

97

225

762

45

1764

1874
1.316

156

298

1122
2390

1344

1333

3540
4418

85
311

234
164

94

47
119
173

50

173

45

282
480

1962
256

423
35
87

137

287

866

51



List of 58 (Cont'd)

Sample Sample Sample Sample Rainbow Spottail Striped

Sample Date Mode Period Time Smelt Shiner Bass
Atlantic

Tomeod

White White

Catfish Perch
All Species

Combined

242

244

246

252

256

258

260

264
268

27
272

276

280

282
284

288

292
294

370

394

398
402

454
458

482

02/20/85

02/20/85
02/21/85

02/21/85

02/22/85

02/22/85

02/23/85

02/23/85

02 /24 /85

02/24/85
02/25/85

02/25/85-

02/26/ 85

02/26/85

02/27/85

02/27/ 85

02/28/85

02/28/85
03/07/85
03/11/85

03/11/85

03/12/85

.03/15/85
03/15/85

03/21/85

Fixed

Ristroph

Ristroph

Fixed

Fixed

Ristroph

Ristroph
Fixed

Fixed

Ria troph
Ristroph

Fixed

Fixed

Ristroph

Ristroph

Fixed

Fixed

Ristroph
Ristroph

Ristroph

Fixed
Fixed

Ristroph

Fixed

Ristroph

Nigh t
Day

Night

Day

Night
Day

Night

Day

Night

Day

Night
Day

Night
Day

Night

Day

Night
Day

Night
Night

Day

Might
Night

Day

Night

915

2115

840

2100

920

2000

855

2205
900

2000
845

2120

90 0

2030

845

2100

935

2325
30

900

2120

1020
900

21I30

900

0

0

0

0

0
0

0

0

1

1

0

2

3
0

4
34
0

1

0

0
1

0

0

11

48

29

29

40

7
14

42

58
9
4

54

- 47

5

42

82
24

424

42
150

5

2

17

0

3

0
0

2

0

0

0
0

0

1
0'

1

0

1

2
0

4

0

5

0

0

1

0

3

0

0

0
0

1

0
0

2
0
0

0
0

3

0

0
2

3

3

0

2

100

361
346

102

III
210

500

73
257

452

603
51

61

399
425

5

93
415

51

1467

176

450

134

15

97

114

424
387

116

123
258

555.
83

275
510

682

68
71

463
489

14

148
541
82

1915

225
633

154

24

123



Ta ble BR-2 List of 84 Fish Collections for Wh~ich Data Were Available to Estimate Collection Efficiency but not the Contribution of Fish from One
Previous Impingement Interval

Sample Sample Sample Sample Rainbow
Samole Date Mode Period Time Smelt

Spottail

Shiner
Striped Atlantic

Bass Tomcod
White White

Catfish Perch
All Species

Combined

40

42
so
52

54

58

62
64

66
70

74

76
78

82

86
88
94

98
100

106

110

112
114

118

124

126

130

134

136

138

01/23/85
01/24/85
01/25/85
01/25/85
01/26/85
01/26/85

01/27/85
01/27/85
01/28/85
01/28/85
01/29/85

01/29/85
01/30/85

01/30/85
01/31/85
01/31/85
02/01/85

02/02/85
02/02/85

02/03/85

02/04/85
02/04/85
02/05/85
02/05/85

02/06/85
02/07/85
02/07/85

02/08/85

02/08/85

02/09/85

Ristroph
Ristroph

Fixed

Ristroph-

Ristroph

Fixed

Fixed

Ris troph

Ristroph

Fixed
Fixed
Ristroph
Ristroph
Fixed
Fixed
Ristroph
Fixed
Fixed

Ristroph
Fixed
Fixed
Ristroph
Ristroph

Fixed

Ristroph

Ristroph

Fixed

Fixed

Ristroph

Ristroph

Day

Night
Night
Day
Night

Day
Night
Day
Night
Day
Night
Day
Night
Day

Night

Day
Day
Night

Day
Day

Night

Day
Night

Day

Day
Night
Day
Night

Day
Night

2230
1015

915
2115

755
2030

840
2040

800
2050
830

2000
800

2030
900

2030
2100
930

2030

2100
850

2030
900

2150

2030
800

2200
845

2045
830

0
2
3
4
2
2
0
0
2
5
7.,
22
12
10
38
27
11

7
8
5
3
4
9
3
8
7
7
5

59
29

2

0
0
0

2
1
2

0
1
0
3

.2

2
2
6
4
4
5
1
3
1
4
6
5

165
253
84
238

.237
16

19

85
206

45

27

111
196

4
35
21

28
16

9
1
3

22
27

3
18

'29

9
61

112
333

7
.8
3

14
18

8
26

12
19

5
1
5

24
2
4
0
0
0
2
0
2
2
5
2

7
32'
0
4

6
11

2
1*
4
14

5
0,
0
2
6
1

14

10

2
4
3
6

11
10

3
5

10
14

2

13
9
2
.9

9
23

953
1489

738

1590

1044
125
238

1013
2151
1287

1292
3381
4161

63
227
177

92

121
50

7
14
46
78
29

88
84
21

183
258

1512

1141
1764

844
1874
1316

156
298

1122
2390
1344
1333
3540
4418

-85
311

234

145

164

94
27
47

119
173
50

161
173
45
282

480
1962



List of 84 (Cont'd)

Sample Sample Sample Sample

Sample Date Mode Period Time

Rainbow

Smelt

Spottail, Striped

Shiner Bass

Atlantic

Tomcod

White White All Species

Catfish Perch Combined

144

146

148

152

156
164

168

170

176

192

204

232

234
238

242

244

246

252

256
258

260

264
268

270
272

276

280

282

284

288

292

294

02/10/85

02/10/85

02/11/85

02/11/85

02/12/85

02/13/85

02/14 /85

02/14/85

0 2/15/85

02/16/85

02/17/85

02/18/85

02/19/85
0 2/19/85

02 /20/85

02/20/85
02/21/85

02/21/85

02/22/85
02/22/85

02/23/85

02/23/85

02/24/85

02/24/ 85

02/25/85

02/25/85

02/26/85
02/26/85

02/27/85

02/27/85

02/28/85

02/28/85

Fixed

Ristroph

Ristroph

Fixed

Fixed

Fiicid

Fixed

Ristroph

Fixed

Ristroph

Ristroph

Ristroph

Ristroph
Fixed

Fixed

Ristroph

Ristroph

Fixed

Fixed
Ristroph

Ristroph

Fixed
Fixed

Ristroph

Ristroph

Fixed

Fixed
Ristrophi

Ristroph

Fixed

Fixed
Ristroph

Night

Day

Night

Day

Night

Day

Night

Day

Day

Day

Night
Day

Night

Day

Night
Day

Night

Day

Night
Day

Night

Day

Night

Day

Night

Day

Night
Day

Night

Day

Night
Day

915

2000

830

2120

815
2220

910

2300

2045

2055

855

2110

850
2045

915

2115

840

2100

920
2000

855

2205
900

2000

845

2120

900
2030

845

2100

935

2325

0

9

4

2

1

0

0

0

0

0
0

0

0
0

0

0

0

0
0

0

0

0

1

1

0

2

3

0

4

34

3

42

57

4

15

8

15

29

2

33
29

39

80

4
11

48

29

11

11

29

40

7
14

42

58

9

4
54

47

5

42

82

0

6

7

1

3

1

1

2

2

1

3
0
0
.3

0

0

0
0

1.
0

0

2

0

0

0
0

3

0

0
2

16

178

321

20

64

69

97

225
.13

129

200
301

762

45
100

361

346

102

III
210

500
73

257

452

603

51

61
399

425

5

93

415

21

256

423

35

87

83
137

287

19

194

253
355

866

51
114

424

387

116
123
258

555

83

275

510

682

68

71

463

489

14

148

541



List of 84 (Cont'd)

Sample Sample Sample Sample Rainbow Spottail

Sample Date Made Period Time Smelt Sbiner
Striped

Bass
Atlantic
Tomcod

White White

Catfish Perch

All Species

Combined

310

334

346

350

356

362
368

370
.386

392

394

398

402

452
454

458

480
482

494
552

570

596

03/01/85 Fixed

03/02/85 Ristroph

03/03/85 Ristroph

03/03/85 Fixed

03/04/85 Ristroph

03/05/85 Fixed

03/06/85 Ristroph

03/07/85 Ristroph

03/09/85 Fixed

03/10/85 Ristroplb

03/11/85 Ristroph

03/11/85 Fixed

03/12/85 Fixed

03/14/85 Ristroph

03/15/85 Ristroph

03/15/85 Fixed

03/20/85 Ristroph

03/21/85 Ristroph

03/21/85 Fixed

04/01/85 Ristroph

04/03/85 Riatroph

04/04/85 Fixed

Day

Day

Night

Day

Day

Day

Day

Night

Day

Day

Night
Day

Night

Day
Night

Day

Day

Night

Day
Day
Day

Day

2300

2100

900

2130

2200

2130
1700

30

2130

2000

900

2120

1020

2015
900

2130

2000
900
1830

2030

2030

2130

11

9

2

0

1

1

1

0

0

1

1

0

0

0

0

2

3

2

0

0

1
0

0
0

0
2

2

0

0

1
0

0

0

0..a

50

55
57

7

17

13
27

24
.36

130

424

42

150
3
5

2

15

17

2

2

11

0

3

3

4

2

1

2

3

3

1

5

9

0

.3
0
1

2

1
4

6

0

205

213

165

8

34

25
135

51

72
319

1467

176

450

44
134

15
172

97
9

21

78

11

275

286

240

21

58
44.

171

82

114

460
191,5

225

633

56

154
24

197
123

15

35

120

19



Table B--. .tltrapment: Period collections corresponding to fixed screen co-a.ctions from the 84 fish collections for which data were avaiiaule to estimate

collection efficiency but not the contribution of fish from one previous period.-

Sample

48

56

60

68

72

80

84

92

96

104

108

116

128

132

142

150

154'

162

166

174

236

240

250

254
262

266

274

278
286

290

308

348

360

384

396

400

456

492

594

Corresponding

Sample

50

58

62

70

74

82

86

94

98

106

110

118

130

134
144

152
156

164

168
176

238

242
252

256

264

268

276

280

288

292
310

350

362

386
398

402

458

494

596

Sample

Date

01/25/85

01/26/85

01/27/ 85

01/28/85

01/29/85

01/30/85

01/31/ 85

02/01/85

02/02/85

02/03/85

02/04/85

02/05/85

02/07/85

02/08/85

02/10/85

02/11/85

02/12/85

02/13/85

02/14/85
02/15/85

02/19/85

0 2/20/85

02/21/95
02/22/85

02 /23/85

02 /24/85

02/25/85

02/26/85

02/27/85

02/28/85

03/01/85
'03/03/85

03/05/85
03/09/85

03/11/85

03/12/85

03/15/85

03/21/85

04/04/85

Sample Sample Rainbow

Time Period Smelt

830 Night 1

2000 Day 1

800 Night 0

2020 Day 0

800 Day 2

2030 Day 9

830 Night 4

2030 Day 2

900 Night 6

2030 Day 7

830 Night 6

2130 Day 0

2130 Day 2
815 Night 2

845 Night 8

2050 Day 0
800 Night 2

2155 Day 0

755 Night 0

2015 'Day 0

2030 Day 0

845 Night 0

2130 Day 0

850 Night 0

2150 Day 0

845 Night 2

2055 Day 1

830 Night 1

2045 Day 2

915 Night 0
2100 Day 6

2100 Day 1

2100 Day 0

2100 Day 0

2025 bay 0

945 Night 1

2100 Day 1

1800 Day 0

2030 Day 1

Spottail Striped

Shiner Bass

0 119

0 68

3 19

0 78

0 18

0 20

0 17

4 .18

1 2

1 0

4 7

0 8

4 18

2 24

4 39

1 4
2 18

4 13

1 -~3

4 2

2 15

1 22

0 13
0 21

0 6

0 ý25

0 11

3 74

0 5

1 29
0 18

0 6

0 U

1 24

0 70

0 105

1 ' 3

0 1

0 5

Atlantic

Tomeod

3

7

9
3

3
4

0

5

1

3

1

9
4

5

3

1

1

-1
2

0

0

'1

0

0

0

0

1

0

0

0

0

White

Cat f ish

1

2

0
0

3

4

6

2

9
1

4

3.

4

1

0

1

1

1

1

1

0
1

0

2

0

0

2

0'

3

1

0

0

1

White

Perch

482
259

141
923

296

100

102

88

26

11

2i

33
65

ill
180

13
55

37

14
38
74

107
92
97
120

540

44

963

21

59

126

24

35

57
131

154

6

13

13

All

Species

Combined

607

340

178

1005

322

135

128

123

44
26

66

46
113

150
256

24.

81

58
20

49
93

135
108
121

126

570

60

1051

36

96

152

31

49
88

206

274

11

16
25

Entrapment period collections corresponded to the following fixed screen period collections.



Table B-4 Collection Efficiency for the 58 Fish collections for Which Data Were Available to Estimate
Collection Efficiency and the Contribution of Fish from One Previous Impingement Interval.

Fractional percent

Sample Sample Sample Returns in first
'Date Mode Period 12horperiodSamele

42

52

54
58

62
64
66
70

74
76
78

82
86
88

98
100

110
112

114
118

126
130

134
136
138
146
148

152
156
168
170

234
238
242

244

246
252

256
258

260

264

268

270

01/24/85

01/25/85
01/26/85
01/26/85
01127/85
01/27/85

01/28/ 85
01/28/85
01/29/85

01/29/85
01/30/85
01/30/855
01/31/85
01/31/85

02/02/85
02/02/85

02/04/85
02/04/85
02/05/85
02/05/85
02/07/85
02/07/85
02/08/85
02/08/85
02/09/85
0 2/10/85
02/11/85
02/11/85
02/12/85
02/14/85
02/14/85

02/19/85
02/19/85
02/20/85
02/20/85
02/21/85
02/21/85
02/22/85
02/22/85
02/23/85
02/23/85
02/24/85

02/24/85

Ri stroph

Ristroph
Ristroph
Fixed
Fixed
Ristroph

Ri stroph
Fixed

Fixed

Ristroph
Ristroph

Fixed
Fixed
Ristroph

Fixed
Ristroph

Fixed
Ristroph

Ristroph
Fixed

Ristroph
Fixed
Fixed
Ristroph

Ristroph
Ristroph
Ristroph
Fixed
Fixed
Fixed
Ristroph

Ristroph

Fixed
Fixed
Ristroph

Ristroph
Fixed
Fixed
Ristroph

Ristroph

Fixed
Fixed

Ristroph

Night

Day
Night
Day

Night

Day
Night

Day
Night
Day
Night
Day
Night
Day

Night
Day
Night
Day
Night

Day
Night
Day
Night

Day

Night
Day
Night
Day
Night
Night
Day
Night
Day
Night
Day
Night
Day

Night
Day
Night
Day
Night

Day

0.76
0.83
0.84
0.54
0.62
0.45
0.90

0.53

0.77
0.*81
0.71
0.87
0.75
0.78
0.56

0.88
0.44
0.72

0.79

0.71

0.*92
0.61
0.58
0.87
0.61
0.25
0. 72'
0.83
0.63
0.73

0.81

0.29
0.29

0.71

0.70

0.71

0.19

0.68
0.84

0.50
0.13
0.*36

0.84

Fractlonal percent
Returns in second

12 hour period

0.02

0.02

0.*01

0.06
0.08

0.31

0.*02
0.13
0.05
0.04
0.02
0.05
0.07

0.*08

0.09
0.01

0.09
0.01

0.00

0.*05
0.04
0.*10
0.19

0.02

0.*03
0.00

0.00
0.02
0.*00
0.01

0.00

0.04
0.16
0.04
0.00
0.00

0.14

0.*01
0.02

0.*01

0.24

0.09
0.*00

Fractional percent
Return Subsequent
To second period
and up to 96 hours

after release

0.04

0.00
0.01
0.03
0.00
0.02
0.01

0.06

0.01
0.02
0.*00
0.*00

0.05
0.00

0.00

0.06
0.*04
0.05
0.00
0.*03

0.*00
0.*00

0.01

0.*01

0.*05
0.00
0.*05
0.01
0.06
0.00
0.01

0.04

0.02
0.*02
0.00
0.02

0.*06
0.04
0.02
0.06
0.09
0.05
0.00



Table B-4 (Cont'd) Collection Efficiency for the 58 Fish Collections for Which Data Were Available to Estimate
Collection Efficiency and the Contribution of Fish from One Previous Impingement Interval.

Sample Sample Sample
Date Mode Period

Fractional Percent
Returns in First
12 Hour Period

Fractional Percent
Returns in Second

12 Hour Period

Fractional Percent

Return Subsequent

to Second Period
and Up to 96 Hours

after ReleaseSampie

272

276

280

282

284
288

292

294

370

394
398

402
454

458
482

02/25/85

02/25/85

02/26/85
ý02/26/85

02/27/85

02/27/85
02/28/85

02/28/85
03/07/85,

03/11/85
03/1i/85

03/12/85
03/15/85

03/1.5/85
03/21/85

Ristroph
Fixed

Fixed

Ristroph
Ristroph

Fixed

Fixed

Ristroph
Ristroph

Ris troph
Fixed

Fixed
Ristroph

Fixed
Ristroph

Night
Day

Night
Day

Night
Day

Night

Day
Night
Night

Day

Night
Night

Day
Night

0.75

0.42

0.71

0.89

0.84

0.28
0.27

0. 55
0.*64

0.59
0.32
0.29
0.64

0.35

0.33

0.*00

0.19

0.05
0.01

0.00

0.02
0.04

0.02
0.00

0.04
0.29

0.02
0.00

0.00
0.*01

0.*01
0.04

0.00

0.01

0.01

0.01
0.*02

0.10
0.*02

0.02
0.*02

0.*00

0.00

0.00
0.00

¾

I



Table B-5 Collection Efficiency for the 84 Fish Collections for Which Data Were Available to Estimate
Collection Efficiency but not the Contribution of Fish from One Previous Impingement Interval.

Fractional Percent
Sample Sample .Sample Returns in First
Date Mode Period 12 Hour Period

Fractional Percent
Returns in Second

12 Hour PeriodSample

40
42

50

52
54
58
62

66
70

74

76
78

82
86
88
94
98

100
106
110

112

114
118

124
126

130
134
136
138
144'
146
148

152
156
164
168
170
176
192
204

232

234

01/23/85
01/24/85
01/25/85

01/25/85
01/26/85
01/26/85
01/27/85
01/27/85
01/28/85

01/28/85

01/29/85

01/29/85
01/30/85

01/30/85
01/31/85
01/31/85

02/01/85
02/02/85
02/02/85
02/03/85
02/04/85

02/04/85

02/05/85
02/05/85
02/06/85
02/07/85

02/07/85
02/08/85
02/08/85
02/09/85
02/10/85
02/10/85
02/li1/85
02/11/85
02/12/85
02/13/85
02/14/85

02/14/85
02/1-5/85
02/16/85

02/17/85

02/18/85

02/19/85

Ristroph

Ristroph
Fixed
Riatroph

Ristroph

Fixed
Fixed
Ristroph

Ristroph
Fiked
Fixed

Ristroph
Ristroph
Fixed
Fixed
Ris troph
Fixed
Fixed
Ris troph
Fixed

Fixed

Ristroph

Ristroph
Fixed
Ristroph
Ristroph

Fixed
Fixed
Ristroph
Ristroph
Fixed
Ristroph

Ristroph

Fixed

Fixed
Fixed
Fixed

Ristroph
Fixed
Ristroph
'Ristroph

Ris troph

Ristroph

Day

Night
Night
Day
Night
Day
-Night
Day
Night
Day
Night
Day
Night
Day
Night
Day
Day'
Night
Day

Day
Night
Day
Night
Day
Day
Night
Day
Night

Day

Night

Night
Day
Night
Day
Night
Day

Night
Day
Day
Day
Night

Day

Night

0.74

0.76
0.64

0.83
0.84

0.54
0.62
0.45

0.90

0.53
0.77
0.81
0.71

0.87
0.75
0.78

0.*65
0.56
0.88
0.25
0.44
0.72

0.79
0.71

0.51
0.92
0.61

0.58
0.87
0.61
0.74
0.25

0.72

0.83
0.63
0.3.U

0.73

0.*81
0.52
0.*82
0.85
0.67

0.29

0.01
0.02

0.*21

0.*02
0.01
0.*06
0.08
0.31
0.02

0.13
0.05

0.04
0.02

0.05
0.07

0.08
0.09
0.09
0.01

0.13

0.09

0.01

0.00
0.05

0.04
0.04
0.10

0.19

0.02
0.03

0.03
0.00

0.*00
0.02

0.*00
0.39
0.01

0.00

0.17
.0.00

0.01

0.00

0.04

J1

Fractional Percent
Return Subsequent

to Second Period
and Up to 96 Hours

after Release

0.*01

0.04
0.02

0.00

0.*01
0.03
0.00

0.02

0.01

0.06
0.01
0.02
0.*00
0.00
0.05
0.00

0.01

0.00
0.*06
0.04

0.04
0:05
0.00
0.03
0.00

0.00
0.00

0.01
0.*01
0.05
0.01
0.00

0.05
0.01

0.06
0.04

0.00

0.01

0.04
0.01

0.*02

0.02

0.04



Table B-5 (Cont'd) Collection Efficiency for the 84 Fish Collections for Which Data Were Available to Estimate
Collection efficiency but not the Contribution of Fish from One Previous Impingement Interva

Sample- Sample Sample
Date Mode Period

.Fractional Percent
Returns in First

12 hour PeriodSample

238

242
244
246
252

256
258

260

264

268

270

272
276
280
282
284
288

292
294

310

334
346
350
356
362
368.
370
386
392

394
398
402

452

454
458
480

482

494
552
570

596

02/19/85

02/20/85
02/20/85
02/21/85
02/21/85
02/22/85
02/22/85

02/23/85
02/23/85

02/24/85
02/24/85
02/25/85
02/25/85
02/26/85
02/26/85
02/27/85

02/27/85
02/28/85
02/28/85
0310IW85
03/02/85
03/03/85
03/03/85
03/04/85

03/05/85

03/06/85
03/07/85
03/09/85
03/10/85

03/11/85

03/11/85
03/12/85

03/14/85

03/15/84
03/15/85
03/20/85

03/21/85
03/21/85

04/01/85
04/03/85
04/04/85

Fixed
Fixed
Ristroph

Ristroph
Fixed
Fixed
Ristroph
Ristroph

Fixed
Fixed
Ristroph

Ristroph
Fixed
Fixed
Ris troph

Ristroph

Fixed
Fixed
Ristroph

Fixed
Ristroph

Ristroph
Fixed.
Ristroph

Fixed
Ristroph

Ristroph
Fixed

Ristroph

Ristroph

Fixed
Fixed

Ristroph

Ristroph

Fixed
Ristroph

Ris troph

Fixed

Ristroph
Ristroph

Fixed

Day
Night
Day
Nigh t
Day
Night
Day
Night
Day
Night
Day
Night
Day
Night
Day
Night

Day
Night

Day
Day
Day
Night

Day
Day
Day
Day
Night

Day
Day
Night

Day
Night

Day
Night

Day
Day

Night

Day
Day
Day

Day

0.29
0.*71

0.70

0.71
0.19

0.68
0.84

0.50

0.13
0.36
0.84

,0.75
0.*42

0.71
0.*89

0.84

0.28
0.27

0.55

0.*61

0.48
0.62,
0.44
0.61

0.50
0.85
0.64
0.14
0.83

0.59
0.32
0.29
0.66

0.64
0.35
0.85
0.33
0.53
0.77
0.83

0.27

Fractional Percent

Returns in Second
12-Hour Period

0.16
0.04
0.*00

0.00
0.14

0.01
0.02
0.01
0.24
0.*09

0.00

0.00

0.19
0.05
0.01

0.00
0.02

0.*04

0.02

0.06

0.00

0.*00

0.-09
0.01

0.10
0.00
0.00
0.07
0.00

0.04

0.29
0.02
0.00

0.00

0.00
0.00

0.01
0.05
0.00
0.00
0.*02

Fractional Percent

Return'Subsequent

to Second Period
and Up to 96 Hours
after Release

0;02

0.02
0.*00
0.02
0.06
0.04
0.02
0.06

0.*09
0.05

0.*00

0.01

0.*04

0.00
0.*01

ý0.01

0.*01

0.02

0.10

0.01

0.00

0.*01

0.*04
0.02

0.04
0.01
0.02
0.09
0.01

0.02
0.*02
0.00

0.00

0.00
0.00
0.00
0.00
0.*00
0.*00
0.00
0.03



Appendix Table L3-6 . Two-way Analysis of Variance Comparing Impingement Rates* for All
Species Combined between Screen Positions (fixed or Ristroph) and
Daylight Period (Night or Day) at Indian Point Unit No. 2, Intake
2-6 between 16 January and 19 April 1985.

Degrees of
Source 1Freedom

Sum of
Squares

Mean
Square

Calculated
F-Ratio P>F

Model 3

Screen Position 1

Daylight Period

Screen Position x Daylight Period

Error

Total

52

55

4.0692 1.3564

3. 4893

0.5102

0.0095

11.8259 0.2274

15.8951

5.96

15.34

2.24

0.0015

0. 0003

0.1402

0. 83910.04

Statistical Model:
Rate = Screen Position + Daylight Period + Screen Position x Daylight Period + Error

Responsive
Variable = Log10 (X+1), where X1= Hourly Impingement Rate-for All Species Combined

Fixed Screen Collection Efficiency ' Empirical Values
Ristroph Collection Efficiency .Empirical Values

Coefficient of Determination (R 2 0.26

*Based upon 58 collections for which data were available with which to make adjustments
for collection efficiency'and the contribution of fish from a preceding impingement
interval.

**pF =Probability of obtaining the calculated F-Ratio by chance.



Appendix Table B-7. Two-way Analysis of Variance Comparing Impingement Rates * for Striped
Bass between Screen Positions (fixed or Ristroph) and Daylight Period
(Night or Day) at Indian Point Unit No. 2, Intake 2-6 between,
16 January and 19 April 1985.

Degrees of
Source -Freedom

Sum of
Squares

Mean
Square

Calculated
F-Ratio P >F

Model1 3

Screen Position

Daylight Period

Screen Position x Daylight Period

Error

Total

52

55

2.7568 0.9189

2. 3927

0.2688

0.0070

7.5638 0.1454

10. 3207

6.32

16.45

1.85

0.05

0.,0011

0.0002

0. 1799

0. 8267

Statistical Model:
Rate = Screen Position + Daylight Period + Screen Position x Daylight Period + Error

Responsive
Variable = Log10 (X+1), where X Hourly Impingement Rate for Striped Bass

Fixed Screen Collection Efficiency = Empirical Values
Ristroph Collection Efficiency = Empirical Values

Coefficient of Determination (R 2  =

*Based upon 58 collections for which data were available with which to make adjustments
for collection efficiency and the contribution of fish from a preceding impingement
interval.

P> p F = Probability of obtaining the calculated F-Ratio by chance.



Appendix Table B-B8. Two-way Analysis of Variance Comparing Impingement Rates * for White
Perch between Screen Positions (fixed or Ristroph) and Daylight Period
(Night or Day) at Indian Point unit No. 2, Intake 2-6 between
16 January and 19 April 1985.

Degrees of
Source Freedom

Sum of
Squares

Mean
Square

Calculated
F-Ratio P>F

Model 3

1Screen Position

Daylight Period

Screen Position x Daylight Period

Error

Total

52

55

4.4675 1.4892

3. 7049

0. 6838

0.0152

14.8868 0.2863

19. 3543

5.20

12.94

2.39

0.05

0.0033

0. 0007

0.1283

0.8186

Statistical Model:
Rate = Screen Position +-Daylight Period + Screen Position x Daylight Period + Error

Responsive
Variable = Log10 (X+l)., where X =Hourly Impingement Rate for White Perch

Fixed Screen Collection Efficiency =Empirical Values
Ristroph Collection Efficiency = Empirical Values

Coefficient of Determination (R 2  = 0.23

B ased upon 58 collections for which data were available with which to make adj ustments
for collection efficiency and the contribution of fish from a preceding impingement
interval.

** p >F = Probability of obtaining the calculated F-Ratio by chance.



Appendix Table B-9. Two-way Analysis of Variance Comparing Impingement Rates * for White
Catfish between Screen Positions (fixed-or Ristroph) and Daylight Period
(Night or Day) at Indian Point Unit No. 2, Intake 2-6 between
16 January and 19 April 1985.

Degrees of
Source Freedom

Sum of
Squares

Mean Calculated
F-Ratio P 'F

Model 3

Screen Position

Daylight Period

Screen Position x Daylight Period

Error

Total

54

57

0.2759 0.-0920

0.2030

0.0509

0.0301

1.2542" 0.0232

1. 5301

3.96

8.74

2.19

1.30

0. 0127

0. 0046

0. 1444

0. 2601

Statistical Model:
Rate = Screen Position + Daylight Period + Screen Position x Daylight Period + Error

Responsive
Variable.= Log10 (X+1), where X = Hourly Impingement Rate for White Catfish

Fixed Screen Collection Efficiency = Empirical Values
Ristroph Collection Efficiency = Empirical Values

Coefficient of-Determination (R 2) = 0.18

*Based upon 58 collections for which data were available with which to make adjustments
for collection efficiency and the contribution of fish from a preceding impingement
interval.

** p > F = Probability of obtaining the calculated F-Ratio by chance.



Appendix Table B-lb. Two-way Analysis of Variance Comparing impingement Rates * for Atlantic
Tomcod between Screen Positions (fixed or Ristroph) and Daylight Period
(Night or'Day) at Indian Point Unit No. 2, Intake 2-6 between
.16 January and 19 April 1985.

Degrees of Sum of Mean Calculated *

Source, Freedom Squares Square F-Ratio P>F

Model 3 0.1500 0.0500 1.76 0.1650

Screen Position 1 0.0826 2.90 0.0943

Daylight Period 1 0.0624 2.19 0.1446

Screen Position x Daylight Period 1 0.0000 0.00 0.9981

Error. 54 1.5379 0.0285

Total 57 1.6879

Statistical Model:
Rate = Screen Position + D~aylight Period + Screen-Position x Daylight Period +Error

Responsive
Variable = Log10 (X+1), where X = Hourly Impingement Rate for Atlantic Tomcod

Fixed Screen 'Collection Efficiency =Empirical Values
Ristroph Collection Efficiency =Empirical Values

Coefficient of Determination (R 2 0.09

*Based upon 58 collections for which data were available with which to make adjustments
for collection efficiency and the contribution of fish from A preceding impingement
interval.

**p>F = Probability of obtaining the calculated F-Ratio by chance.



Appendix Table B-I. Two-way Analysis of Variance Comparing Impingement Rates * for Rainbow
Smelt between Screen Positions (fixed or Ristroph) and Daylight Period
(Night or Day) at Indian Point Unit No. 2', Intake 2-6 between
16 January and 19 April 1985.

Source
Degrees of
-Freedom

Sum of
Squares

Me an
Square

Calculated
F-Ratio P>F

Model 3

1Screen Position

Daylight Period

Screen Position x Day~light Period

Error

Total

54

57

0.2892 01.0964

0.1170

0.0393

0.1423

2.3687 0.0439

2. 6579

2.20

2.67

0.90

3.24

0. 0975

0. 1083

0. 3482

0.0773

Statistical Model:
Rate = Screen Position + Daylight Period + Screen Position x Daylight Period + Error

Responsive
Variable = Log10 (X+l)p where X =Hourly Impingement Rate for Rainbow Smelt

Fixed Screen Collection Efficiency =Empirical. Values
Ristroph Collection Efficiency Empirical Values

Coefficient of Determination (R 2 0.11

*Based upon 58 collections for whic h data were available with which to make adjustments
for collection efficiency and the contribution of fish from a preceding impingement
interval.

*p;,.F = Probability of obtaining the calculated F-Ratio by chance.



App-endix Table 13-12.- Two-way Analysis of Variance Comparing Impingement Rates * for.Spottail
Shiner between Screen Positions (fixed or Ristroph) and Daylight Period
(Night or Day) at Indian Point Unit No. 2, Intake 2-6 between
16 January and 19 April 1985.

Degrees of
Source --Freedom

.Sum of
Squares

Mean
Square

Calculated
F-Ratio* P >F

Model 3

1Screen Position

Daylight Period

Screen Position x Daylight Period

Error

Total

54

57

0.0182 0.0061

0.0146

0.0013

0.0019

0.4642 0.0086

0.4824

0.71

1.70

0.15

0.23

0. 5556

0. 1976

0. 6989

0. 6358

Statistical Model:
Rate-= Screen Position + Daylight Period + Screen Position x Daylight Period + Error

Respon~si3ve
Variable = Log10 (X+1), where X = Hourly Impingement Rate for Spottail Shiner

Fixed ,Screen Collection E 'fficiency = Empirical Values
Ristroph Collection Efficiency = Empirical values

Coefficient of Dtriaon(R 2 = 0.04

*Based upon 58 collections for which data were available with which to make adjustments
for collection efficiency and the contribution of fish from a preceding impingement
interval.

p>F = Probability of obtaining the calculated F-Ratio by chance.



Appendix Table B-13. Two-way Analysis of Variance Comparing Impingement Rates * for All Species
Combined between Screen Positions (fixed or Ristroph) and Daylight Period
(Night or Day) at Indian Point Unit No.. 2, Intake 2-6 between
16 January and 19 April 1985.

Source
Degrees of
-Freedom

Sum of
Squares

Mean
Square

Calculated.
F-Ratio P >F

Model1 3

1Screen Position

Daylight Period

'Screen Position x Daylight Period

Error

Total

53

56

2.4078 0.8026

1.9960

0.3222

0.0000

11.8064 0.2228

14.2142

3.60

8.96

1.45

0.00

0. 0191

0.0042

0. 2345

0.9992

Statistical Model:
Rate = Screen Position + Daylight Period + Screen Position x Daylight Period + Error

Responsive
Variable =Log10 (X+1), where X = Hourly Impingement Ra~te for All Species Combined

Fixed Screen Collection Efficiency =Empirical Values
Ristroph Collection Efficiency =90%

Coefficient of Determination (R 2 0.17

*Based upon 58 collections for which data were available with which to make adjustments
for collection efficiency and the contribution of fish from a preceding impingement
interval.

**p>F =;Probability of-obtaining the calculated F-Ratio by chance.



Appendix Table B-14. Two-way Analysis of Variance Comparing Impingement Rates * for
Bass between Screen Positions (fixed or Ristroph) and Daylight
(Night or Day) at Indian Point Unit No. 2, Intake 2-6 between
16 January and 19 April 1985.

Striped
Period

Source
Degrees of
-Freedom

Sum o f Mean
Square

Calculated
F-Ratio P >F

ModeIL 3

1Screen Position

Daylight Period

Screen Position x Daylight Period

Error

Total

53

56

1.7132 0.5711

1.4216

0.1868

0.0199

7.4725 0.1410

9. 1857

4.05

10.08

1. .32

0. 0115

0. 0025

0. 2549

0. 70890.14

Statistical Model:
Rate = Screen Position + Daylight Period + Screen Position x Daylight Period + Error

Responsive
Variable = Log10 (X+l), where X = Hourly Impingement Ra Ite for StripRed Bass

Fixed Screen Collection Efficiency Empirical Values
Ristroph Collection Efficiency 90%

Coefficient of Determination (R 2 0.19

*Based upon 58 collectiond for which data were available with which to make adjustments
for collection efficiency and the contribution of fish from a preceding impingement
interval.

**p:F = Probability of obtaining the calculated F-Ratio by chance.



Appendix Table B-15. Two-way Analysis of Variance Comparing impingement Rates * for White
Perch between Screen Positions (fixed or Ristroph) and Daylight Period
(Night or Day) at Indian Point Unit No. 2, Intake 2-6 between
16 January and 19 April 1985.

Degrees of
Source Freedom

Sum of
Squares

Mean
Square

Calculated
F-Ratio P >F

Model1 3

Screen Position 1

Daylight Period

Screen Position x Daylight Period

Error

Total

53

56

2.5770 0.8590

2. 0617

0.4093

0. 0002

14.5855 0.2752

17. 1625

3.12

7.49

1 .49

0.00

0. 0331

0.0084

0. 2280

0.9771

Statistical Model:
Rate = Screen Position + Daylight Period + Screen Position x Daylight Period + Error

Responsive
Variable = Log10 (X+1), where X =Hourly Impingement Rate for White Perch

Fixed Screen Collection Efficiency = Empirical Values
Ristroph Collection Efficiency = 90%

Coefficient of Determination (R 2) =0.15

*Based upon 58 collections for which data were available with which to make adjustments
for collection efficiency and the contribution of fish from a preceding impingement
interval.

** p>F = Probability of obtaining the calculated F-Ratio by chance.



Appendix Table B3-16. Two-way Analysis of Variance Comparing Impingement Rates * for Atlantic
Tomcod between Screen Positions (fixed or Ristroph) and Daylight Period
(Night or Day) at Indian Point Unit No. 2, Intake 2-6 between
16 January and 19 April 1985.

Source
Degrees of
-Freedom

Sum of Mean
Square

Calculated
F-Ratio P>F

Model 3 0.1060 0.0353

0.0242Screen Position

Daylight Period

1

1.41

0.96

3.00

0.05

0.2493

0. 3306

0.0890

0.8160

1 0. 0753

0.0014Screen Position x Daylight Period

Error

Total

54

57

1.3548 0.0251

1. 4608

Statistical Model:
IRate = Screen Position + Daylight Period + Screen Position x Daylight Period + Error

Responsive
Variable =L og10 (X+1), where X = Hourly Impingement .Rate for Atlantic Tomcod

Fixed Screen Collection Efficiency =Empirical Values
Ristroph Collection Efficiency 90%

Coefficient of Determination (R 2 0.07

*Based upon 58 collections for which data were available with which to make adjustments
for collection efficiency and the contribution of fish from a preceding impingement
interval.

*P> F = Probability of obtaining the calculated .F-Ratio by chance.



Appendix Table B-17. Two-way Analysis of Variance Comparing Impingement Rates * for White
Catfish between Screen Positions (fixed or Ristroph) and Daylight Period
(Night or Day) at Indian Point Unit No.'2, Intake 2-6 between
16 January and 19 April 1985.

Degrees of
Source -Freedom

Sum of
Squares

Mean
Square

Calculated
F-Ratio P>F

Model 3

Screen Position 1

Daylight Period

Screen Position x Daylight Period

Error

Total

54

57

0.1504 0.0501

0.0866

0 .0459

0.0238

1.0230 0.0189

1. 1734

2.65

4.57

2.42

1.26

0.0573

-0. 0371

0.1255

0.2670

Statistical Model:
Rate = Screen Position + Daylight Period + Screen Position x Daylight Period + Error

Responsive
Variable = Log1 , (X+l), where X = Hourly Impingement Rate for White Catfish

Fixed Screen Collection Efficiency = Empirical Values
Ristroph Collection Efficiency = 90%

Coefficient of Determination (R 2 )= 0.13

*Based upon 58 collections for which data were available with which to make adjustments
for collection efficiency and the contribution of fish from a preceding impingement.
interval.

** F = Probability of obtaining the calculated F-Ratio by chance.



Appendix Table B-18. Two-way Analysis of Variance Comparing Impingement Rates * for Spottail
Shiner between Screen Positions (fixed or Ristroph) and Daylight Period
(Night or Day) at Indian Point Unit No. 2, Intake 2-6 between
16 January and 19 April 1985.

Degrees of Sum of Mean Calculated *

source -Freedom Squares Square F-Ratio P>F

Model 3 0.0043 0.0014 0.28 0.8432

Screen Position 1 0.0008 0.16 0.6926

Daylight Period 1 ý0.0013 0.25 0.6197

Screen Position x Daylight Period 1 0.0023 0.44 0.5119

Error 54 2.2831 0.0052

Total 57 2.2874

Statistical Model:
Rate =Screen Position + Daylight Period + Screen Position x Daylight Period + Error

Responsive
Variable =Log 10 (X+1), where X =Hourly Impingement Rate for Spottail Shiner

Fixed Screen.Collection Efficiency = Empirical Values
Ristroph Collection Efficiency = 90%

Coefficient of Determination (R2 = 0.02

*Based upon 58 collections for which data were Available with which to make adjustments
for collection efficiency and the contribution of fish from A preceding impingement
interval.

**p ~F = Probability of obtaining the calculated F-Ratio by chance.



Appendix Table B-19. Two-way Analysis of Variance Comparing Impingement Rates * for Rainbow
Smelt between Screen Positions (fixed or Ristroph) and Daylight Period
*(Night or Day) at Indian Point Unit No. 2, Intake 2-6 between
16 January and 19 April 1985.

Source
Degrees of
-Freedom

Sum o f
Squares

Mean
Square

Calculated
F-Ratio P>F

.ModelI 3

1Screen Position

Daylight Period.

Screen Position x Daylight. Period

Error

Total

54

57

0.1637 0.0546

0.0511

0.0193

0.0976

1.9229 0.0356

2.0866

1.53

1.43

0.54

2.7,4-

0. 2155

0. 2362

0. 4646

'0. 1037

Statistical Model:
Rate = Screen.Position + Daylight Period +- Screen Position x Daylight Period + Error

Responsive
Variable = Log10 (X+1), where X = Hourly Impingement Rate for Rainbow Smel .t

Fixed Screen Collection Efficiency = Empirical Values
Ristroph Collection Efficiency =90%ý

2
Coefficient of Determination (R )= 0.08

*Based upon 58 collections for which data were available with which to make adjustments
for collection efficiency a~nd the contribution of fish from a preceding impingement
interval.

** p>F = Probability of obtaining the calculated F-Ratio by chance.



Appendix Table B-20. Two-way Analysis of Variance Comparing Impingement Rates* for
All Species Combined between Screen Positions (fixed or Ristroph) and
Daylight Period (Night or Day) at Indian Point Unit No. 2, Intake
2-6 between 16 January and 19 April 1985.

Degrees of
Source Freedom

Sum of
Squares

Mean
Square

Calculated
F-Ratio P>F

Model 23

Screen Position 1

Daylight Period

Screen Position x Daylight Period

Error

Total

80

83

4.9992 1.6664

3.1475

1.6607

0.0044

17.6998 0.2212

22 .6990L

7..53

14.23

0.0002

0.0003

0. 0076

0. 8882

7.51

0.02

Statistical Model:
Rate = Screen Position + Daylight Period +Screen Position x Daylight Period + Error

Responsive
Variable = Log10 (Xi-1), where X = Hourly Impingement Rate for All Species

Fixed Screen Collection Efficiency = Empirical Values
Ristroph Collection Efficiency =Empirical Values

Coef ficient of Determination (R 2) = 0.22

*Based upon 84 collections for which data were available with which to make adjustments
for collection efficiency only.

*P> F = Probability of obtaining the calculated F-Ratio by chance.



Appendix Table B-2]. Two-way Analysis of Variance Comparing-Impingement Rates* for
Striped Bass between Screen Positions (fixed or Ristroph) and
Daylight Period (Night or Day) at Indian Point Unit No. 2, Intake
2-6 between 16 January arnd 19 April 1985.

Degrees-of
Source Freedom

Sum of
Squares

Mean
Square

Calculated
F-Ratio P>F

Model 3

1Screen Position

Daylight Period

Screen Position x Daylight Period

,Error

Total

80

83

2.9241 0.9747

2.1130

0.7464

0. 0219

11.8708 0.1484

14.7950

6.57

14.24

5.03

0.15

0. 0006

0.-0003

0. 0277

0. 7020

Statistical Model:
Rate, Screen Position + Daylight Period + Screen Position x Daylight Period + Error

Responsive
Variable = Log10 (X+1),. where X = Hourly Impingement Rate for Striped Bass

Fixed Screen Collection Efficiency = Empirical Values
Ristroph Collection Efficiency = Empirical Values

2
Coefficient of Determination (R ) = 0.20

*Based upon 84 collections for which data were available with w14.ch to make adjustments
for collection efficiency only.

*P> F = Probability of obtaining the calculated F-Ratio by chance.



Appendix Table B-22. Two-way Analysis of Variance Comparing Impingement Rates* for
White Perch between Screen Positions (fixed or Ristroph) and
Daylight Period (Night or Day) at.Indian Point Unit No. 2, Intake
'2-6 between 16 January and 19 April 1985.

Degrees of
Source -Freedom

Sumn o f
Squares

Mean
Square

Calculated
F-Ratio P>F

M4odel 3

Screen Position 1

.Daylight Period

Screen Position x Daylight Period

Error

Total 83

5.7841 1.9280

3.4887

2.0550

0.0121

21.6107 0.2701

27. 3948

7.1.4

12.91

0.0003

0.0006

0.0072

0. 8332

7.61

0.04

Statistical Model:
Rate = Screen Position + Daylight Period + Screen Position x Daylight. Period + Error

Responsive
Variable =Log 1 0 (X+l), where X = Hourly Impingement Rate for White Perch

Fixed-Screen Collection Efficiency Empirical Values
Ristroph Collection Efficiency =Empirical Values

Coefficient of Determination (R 2 0.21

*Based upon 84 collections for which data were available, with which to make adjustments
for collection efficiency only.

**p>F = Probability of obtaining the calculated F-Ratio by chance.



Appendix Table B-21 Two-way Analysis of Variance Comparing Impingement Rates* for
Atlantic Tomcod between Screen Positions (fixed or Ristroph) and
Daylight Period (Night or Day) at Indian Point.Unit No. 2, Intake
2-6 between 16 January and 19 April 1985.

Degrees of
Freedom

Sum of
Squares

Me an
Square

Calculated
F-RatioSource P>F

Model

Screen Position

Daylight Period

Screen Position x Daylight Period

Error

Total

3

80

83

0.2656 0.0885

0.1335

0.1240

0.0000

1.8838 0.0235

2. 1494

3.76

5.67

5.26

0.00

0.0140

0. 0196

0. 0244

0. 9834

Statistical Model:
Rate = Screen Position + Daylight Period + Screen Position x Daylight Period + Error

Responsive
Variable = Log10 (X+1), where X =Hourly Impingement Rate for Atlantic Tomcod

Fixed Screen Collection Efficiency =Empirical Values
Ristroph Collection Efficiency. = Empirical Values

Coefficient of Determination (R 2  = 0.'12

*Based upon 84 collections for which data were available with which to make adjustments
for collection efficiency only.

** p>F = Probabi .lity of obtaining the calculated F'-Ratio by chance.



Appendix Table B-24. Two-way Analysis of Variance Comparing Impingement Rates* for
White Catfish between Screen Positions (fixed or Ristroph) and
Daylight Period (Night or Day) at Indian Point Unit No. 2, Intake
2-6 between 16.January and 19 April 1985.

Source
Degrees of
Freedom

Sum of
Squares

Me an
Square

Calculated
F- Ratio. P>F

Model 3

Screen Position

Daylight Period

Screen Position x Daylight Period

Error

Total

80

83

0.1784 0.0595

0.1128

0.042 9

0.0090

1.6293 0.0204

1. 8077

2.92

5.54

2.10

0.44

0. 0385

0. 0211

0. 1508

0. 5072

Statistical Model:
Rate =Screen Position +-Daylight Period + Screen Position x Daylight Period + Error

Responsive
Variable .= Log10O (X+1), where X =Hourly Impingement Rate for White Catfish

-Fixed Screen Collection Efficiency = Empirical Values
Ristroph Collection Efficiency = Empirical Values

Coefficient of Determination (R)= 0.10

*Based upon 84 collections for which data were available with which to make adjustments
for collection efficiency only.

**p; F = Probability of obtaining the calculated F-Ratio by chance.



Appendix Tab le B-25. Two-way Analysis of Variance Comparing Impingement Rates* for
Spottail Shiner between Screen Positions (fixed or Ristroph) and
Dayl-ight Period (Night or Day) at Indian Point Unit No. 2, Intake
2-6 between 16 January and 19 April 1985.

Source
Degrees of
Freedom

Sum of
Squares

Mean
Square

Calculated
F-Ratio P>F

ModelI 3

1Screen Position

Daylight Period

Screen Position x.Daylight Perio ,d

Error

Total

80

83

0.0104 0.0035

0.0060

0.0008

0.0022

0.8736 0.01.09

0.8839

0.32

0.55

0.07

0.20

0. 8155

0.4597

0.7873

0. 6572

Statistical Model:
Rate = Screen Position + Daylight Period + Screen Position x Daylight Period +.Error

Responsive
Variable =Log10 (X+1), where X = Hourly Impingement Rate for Spottail Shiner

Fixed Screen Collection Efficiency = Empirical Values
Ristroph Collection Efficiency = Empirical Values

Coefficient of Dete rmination (R 2 = 0.01

*Based upon 844 collections for which data were available with which to make adjustments
for collection efficiency only.

**P> F =.Probability of obtaining the calculated F-Ratio by chance.



Appendix Table B-26. Two-way Analysis of Variance Comparing Impingement Rates* for
Rainbow Smelt between Screen Positions (fixed or Ristroph) and
Daylight Period (Night or Day) at Indian Point Unit No. 2, Intake
2-6 between 16 January and 19 April 1985.

Degrees of
Source Freedom

Sum of
Squares

Mean
Square

Calculated
F-Ratio P>F

Model1

Screen Position

3

1

Daylight Period

Screen Position x Daylight Period

Error

Total

80

83

0.0930 0.0310

0.0147

0.0079

0.0554

3.3004 0.0413

3.3934

0.75

0.36

0.19

1.34

0. 5279

0. 5528

0. 6638

0. 2498

Statistical Model:
Rate =Screen Position + Daylight i'eriod + Screen Position x Daylight Period + Error

Responsive
Variable =Log10 (X+1), where X = Hourly Impingement Rate for Rainbow Smelt

Fixed Screen Collection Efficiency = Empirical Values
Ristroph Collection Efficiency = Empirical Values

Coefficient of Determination (R2)= 0.03

*Based upon 84 collections for which data were available with which to make adjustments
for collection efficiency only.

** p>F = Probability of obtaining the calculated F-Ratio by chance.



Appendix Table B-27. Two-way Analysis of Variance Comparing Impingement Rates* for All
Species Combined between Screen Positions Ifixed or Ristroph) and
Daylight Period (Night or Day) at Indian- Point Unit.No. 2, Intake
-2-6 between 16 January and 19 April 1985.

Degrees of
Source -Freedom

Sumr of
Squares

Mean
Square

Calculated
F-Ratio P>F

Model 3

Screen Position I

Daylight Period

Screen Position x Daylight Period

Error

Total

80

83

8.6931 2.8977

5.6934

2. 2918

0.1788

14.7848 0.1848

23. 4779

15.68

30.-81

12.40

0. 0001

0.0001

0. 0007

0. 32820.97

Statistical Model:
Rate =Screen Position +I Daylight Period + Screen Position x Daylight Period + Error

Responsive
variable = Log10 (X+1), where X =Hourly Impingement Rate for All Species Combined

Fixed Screen Collection Efficiency = Empirical Values
Ristroph Collection Efficiency = 90%

Coefficient of Determination (R 2) = 0.37

*Based upon 84 -collections for which data were available with which to make adjustments
for collection efficiency only.

*P> F = Probability of obtaining the calculated F-Ratio by chance.



Appendix Table B-24 Two-way Analysis of Variance Comparing Impingement Rates* for
Striped Bass between Screen Positions (fixed or Ristroph) and
Daylight Period (Night-or Day) at Indian Point Unit No. 2, Intake
2-6 between 16 January and 19 April 1985.

Source
Degrees of
Freedom

Sum of
Squares

Mean
Square

Calculated
F-Ratio P >F

Model 3

Screen Position

Day-light Period

Screen Position x Daylight Period

Error

Total

80

.83

1.7077 0.5692

0.6451

11.0090 0.1376

12.7167 .

4.14

7.42

4.69

0.06

0.0089

0.0079

0. 0334

0. 8148

Statistical Model:
Rate = Screen Position + Daylight Period + Screen Posit~ion x Daylight Period + Error

Responsive
Variable = Log10 (X+1), where X =Hourly Impingement Rate for Striped Bass

Fixed Screen Collection Efficiency = Empirical Values
Ristroph Collection Efficiency = 90%

Coefficient of Determination (R2  0.13

*Based upon 84cletosfrwhich data were available with-which to make adjustments
for collection efficiency only.

**p>F =Probability of obtaining the calculated F-Ratio by chance.



Ap-pendix Table B-29. Two-way Analysis of Variance Comparing Impingement Rates* for
White Perch between Screen Positions (fixed or Ristroph) and
Daylight Period (Night or Day) at Indian Point Unit No. 2, Intake
.2-6 between 16 January and 19 April 1985.

Source
Degrees of
Freedom

Sum of
Squares

Mean
Square

Calculated
F-Ratio P>F

Model 3

Screen Position 1

Daylight Period

Screen Position x Daylight Period

Error

Total

80

83

3.8619 1.2873

1. 8046

1.8702

0. 0309

21.0464 0.2631

24.9083

4.89

6.86

7.11

0.12

0. 0037

0.0105

0. 0093

0. 7328

Statistical Model:
Rate = Screen Position + Daylight Period + Screen Position x Daylight Period + Error

Responsive
Variable =Log 1 0 (X+l), where X = Hourly Impingement Rate for White Perch

Fixed Screen Collection Efficiency =Empirical Values.
Ristroph Collection Efficiency =90%

Coefficient of Determination (R 2 0.16-

*Based upon 84 collec tions for which data were available with which to make adjustments
for collection efficiency only.

**p>F = Probability of obtaining the calculated F-Ratio by chance.



Appendix Table B-3d Two-way Analysis of Varianc~e Comparing Impingement Rates* for
Atlantic Tomcod between Screen Positions (fixed or Ristroph) and
Daylight Period (Night or Day) at Indian Point Unit No. 2, Intake
2-6 between 16 January and 19 April .1985.

Degrees of
Source -Freedom

Sum of
Squares

Me an
Square

Calculated
F-Ratio P>F

Model 3

Screen Position 1

Daylight Period

Screen Position x Daylight Period

Error

Total 83

0.1795 0.0598

0.0487

0.1268

0-.0000

1.5517 0.0194

1.7313

3.09

2.51

6.54

0.00

0. 0315

0. 1171

0.0125

0.9956

Statistical Model:
Rate = Screen Position + Daylight Period + Screen Position x Daylight Period. + Error

Responsive
Variable = Log10 (X+1), where X = Hourly Impingement Rate for Atlantic Tomcod

Fixed Screen Collection Efficiency = Empirical Values
Ristroph Collection Efficiency =90%

2
Coefficient of Determination (R )= 0.10

*Based upon 84 collections for Which-data were availab -le with which to make adjustments
for collection efficiency only.

I* F = Probability of obtaining the calculated F-Ratio by chance.



Appendix Table B-31. Two-way Analysis of Variance Comparing Impingement Rates* for
Spottail Shiner between Screen Positions (fixed or Ristroph) and
Daylight Period (Night or Day) at Indian Point Unit No. 2, Intake
2-6 between 16 January and 19 April 1985.

Degrees of
Source -Freedom,

Sum o f
Squares

Mean
Square

Calculated
F-Ratio P>F

Model' .3

.Screen Position 1

Daylight Period

Screen Position x Daylight Period

Error

Total

80

83

0.0353 0.0118

0.0295

0.0015

0.00013

0.6615 0.0083

0.6969

1.42

3.57

0.18

0.16

0. 2408

0. 0625

0.6712

0. 6926

Statistical Model:
Rate = Screen Position + Daylight Period +- Screen Position x Daylight Period + Error

Responsive
Variable = Log10 (X+1), where X = Hourly Impingement Rate for Spottail Shiner

Fixed Screen Collection Efficiency = Empirical Values
Ristroph Collection Efficiency = 90%

2
Coefficient of Determination (R = 0.05

*Based upon 847collections for which data were available with which to make adjustments
for collection efficiency only.

*,* P> F = Probability of obtaining the calculated F-Ratio by chance.



Appendix Table iB-32. Two-way Analysis of Variance Comparing Impingement Rates* for
White Catfish between Positions (fixed or Ristroph) and
Daylight Period (Night or Day) at Indian Point Unit No. 2, Intake
2-6 between 16 January and 19 April 1985.

Degrees of
Source -Freedom

Sum of
Squares

Mean Calculated
F-Ratio

Model1 3

1Screen Position

Daylight Period

Screen Position x Daylight Period

Error

Total

80

83

0.0814 0.0271

0.0271

0.0367

0.0122

1.3098 0.0164

1. 3912

1.66

1.66

2.24

0.75

0. 1813

0.2018

0. 1381

0. 3906

Statistical Model:
Rate =Screen Position + Daylight Period + Screen Position x Daylight Period + Error

Responsive
Variable =Log10 (X+1), where X = Hourly Impingement Rate for White Catfish

Fixed Screen Collection Efficiency = Empirical Values
Ristroph Collection Efficiency =90%

Coefficient of Determination (R 2) = 0.06

*Based upon 84 collections for which data were available with which to make adjustments
for collection efficiency only.

**p>F = Probability of obtaining the calculated F-Ratio by chance.



Appendix Table B-33. Two-way Analysis of Variance Comparing Impingement R *ates* for
Rainbow Smelt between Screen Positions (fixed or Ristroph) and
Daylight Period (Night or Day) at Indian Point Unit No. 2, Intake
2-6 between 16 January and 19 April 1985.

Degrees of
-Freedom

Sum~ of
SquaresSource

Mean
Square

Calculated
F-Ratio P>F

Model1 3

Screen Position

Daylight Period

Screen Position x Daylight Period

Error

Total

80

83

0.0411 0.0137

0.0000

0.0020

0.0366

2.6313 0.0329

2.6724

0.42

0.00

0.06

1.11

0. 7449

0. 9978

0. 8072

0. 2948

Statistical Model:
Rate Screen Position + Daylight Period + Screen Position x Daylight Period + Error

Responsive
Variable = Log10 (X+1), where X = Hourly Impingement Rate-for Rainbow Smelt

Fixed Screen Collection Efficiency =Empirical Values
Ristroph Collection Efficiency = 90%

Coefficient of Determination (R 2 = 0.02

*Based upon 84.collections for which data were available with which to make adjustments
for collection efficiency only.

**, p>F = Probability of obtaining the calculated F-Ratio by chance.
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SI. INTRODUCTION
At a meeting of the Parties to the Cooling Tower-Settlement

Agreement on June 5, 1984, it was agreed that Ristroph screens,
cylindrical wedgewire (Johnson) screens, and fish by-pass sys-
temns, including horizontal travelling screens, were the techno-
logies which warranted further consideration as alternatives to
angled screens for mitigating impingement at Indian Point at this
time. This consensus reflected the fact that the Parties shared
a desire to take action consistent with the Agreement -to reduce
impingement from current levels as'early as possible.

Con Edison and the, Power Authority were asked to evaluate
the potential merits of eachilthese alternatives for application
at Indian Point Units 2 and 3, and to determine ,the need for
.further studies. Evaluation of each alternative was to include:

0 a summary review of the information available from existing

installations or prototype studies

0 projections as to the degree to which each might be expected
to reduce impingement at Indian Point

o a discussion of any factors constraining their use at Indian
Point

0 estimates of the schedule and cost of installation at Indian
Point;

I



II. EXISTING ENVIRONMENT (-

A . Indian Point

The Indian Point Station consists of three nuclear generat-

ing units. Unit No. 2 is northernmost (upstream) in position at

the site, followed in a southerly direction by Units Nos. I and 3

(Figure 1) . Unit No. 1, owned by Con Edison has not operated

since October 31, 1974. Unit No. 2, also owned by Con Edison,

has been operated since September 28, 1973 and has a net rated

capacity of 850 MWe. Unit No. 3, which is owned by the New York

Power Authority, has been operated since August 30, 1976, and has

a net rated capacity of 965 MWe.

Units 2 and 3 are operated with once through f.Low cooling

systems,, the water for each of which Is drawn from the Hudson

River through separate shoreline positioned intake structures.

From mid spring until mid fall the circulating water flow is

840,000 gpm into each plant and is provided by six circulating

water pumps rated at 140,000 gpm per pump, full flow." During the

remainder of the year the combined flow through the condenser

boxes is reduced to 504,000 gpm. Previously the reduced flow

rate was achieved by partially blocking the condenser outlet

water boxes (6, one for each pump) and opening recirculation

lines that allowed 40% of the water pumped to be returned to the

intake bay of its respective pump. The volume pumped into a

condenser by each pump in the reduced flow mode is 84,000 gpm.

As a condition of the Settlement Agreement two speed circu-

lating water pumps are being installed (and will bec~ome opera-

tional at Unit 2 by September 1984) to facilitate the transition

from full flow (140,000 gpm) to reduced flow (84,,000 gpm).

Reduced flow at Unit 3 will continue to be achieved by the

previously described method until new pumps can be installed.,

2
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Figure 1. Schematic representation of Indian Point Station
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The intake structures (Figures 2 to 5) in which the cir-

culating water pumps a .re located each consist of seven pump bays.
Each of the circulating water pump bays is 53' 50 ft. long. The

width of the bays at Unit 2 is 13140 f rom the back wall to a

point 814" behind the front of the ice curtain wall. From this

point the intake bay walls taper outward to a width of 14'10" at

the entrance. At Unit 3 the forebay width is 13'40 for its

entire length. The' bottom of the intakes are at -27' ?ISL,. and

the decks are at elevation +15'. An ice curtain wall extends-to

-1' MSL at the entrance to each of the forebays and serves to

prevent floating debris as well as ice f rom entering the bays.

The circulating water pumps are positioned approximately 47' 6"

from the entrance t Io the forebays.

Deicing systems have been installed to return beated water

from the discharge canal back to the pump intake bays during

periods of ice buildup. The two 54 in. headers are provided with) downpipes which distribute the flow to the individual pump bays.

These systems, however, have only occasionally been operated.

The intake structures for Units 2 and 3 while similar in

overall appearance do differ in certain other respects, in,

addition to forebay entrance widths. At Unit 2 vertical rotating

front entry travelling water screens, -(3/8" square mesh) are

positioned within the forebay approximately 24' 10" feet from the

entrance. A bar 'rack comprised of 1/2" wide bars spaced 3"

apart, is located 11' feet riverward of the travelling screen and

13"ý 10" feet from the entrance to the forebay. A fixed screen,

(3/8" square mesh) is positioned at the.- entrance to the intake

and is immediately riverward of the ice curtain wall. ,The

average intake water approach-velocity at to the fixed screen at

Unit 2 is 0.82 fps at mean sea level ditr±zT full flow operation

and is 0.49 fps during reduced flow operation. This velocity is

dynamic, however, and changes slightly depending on the stage of

the tide. Clogging of portions of the screen face by debris also

,results in increased velocity through the remaining unclogged

3
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areas and velocity may vary considerably f rom one area to anoth-

er. At the Unit 3 intake structure, which was constructed after

the Unit 2 intake was built,' travelling water screens (3/8"

square mesh) similar to those at Unit 2 are positioned at the

entrance of the forebays. No fixed screens are present. Bar

racks, similar in design to those at Unit 2 are positioned about

11 feet in front of the travelling screens to prevent heavy

debris from striking them. The Unit 3 intake is also protected

by an ice curtain wall which is positioned riverward of the bar

racks and extends to -1 ft MSL. The average approach velocity at

mean sea level to the travelling water screens at Unit 3 is 0.96

fps at full flow, and 0.58 fps at reduced flow. This velocity is

dynamic, however, and changes depending on the stage of the tide.

Centrally located within each of the intake st~ructures at

Units 2 and 3 is a service water intake bay (Figures 2 and 4.).

Six service water pumps (5000 gpm/purnp) draw water from each of

these bays and provide cooling water flow for various equipment,

including that required for safe. shutdown of each unit. The

service water intake bay for each unit is 20' wide by 27' deep.

For safety purposes the service water forebay leading to the sump

for the pumps is divided into two sections. A 6' wide travelling

water screen (3/8" mesh) removes debris from the intake water of

one section, and two 8' 9" wide fixed screens (3/8" mesh) are

present parallel to one another in the other section of the

forebay channel. This channel is normally blocked with a stop

log which may be removed as necessary. The intake approach

velocity to the service water bay travelling screen when all six

service water pumps are operating is 0.41 fps.

intake travelling screens at Units 2 an~d 3 are washed once

per day, using the internally mounted high pressure spray system,

or more frequently if debris loads become excessive. Each

washing is for approximately 15 minutes. At Unit 2 the f ixed

screens are also washed once each day, or more frequently as

required, by raising them past a spray wash system located a few

4
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feet above mean high water level. Debris which is washed from

the screen, f alls into ýthe water and is ,drawn into ,the f orebay
where it is collected by the rotating travelling screen. 'Debris

and impinged fish that are washed *from the travelling screen

enter a sluice on the deck that leads to a collection pit at one

end of the intake. All materials including fish are presently

removed from the site and disposed of in a sanitary landfill.

B. Hudson River At Indian Point

The Hudson River near the Indian Point Station, is approxi-

mately 5,000 feet wide and averages over 30 feet in depth. The

nearshore water in the vicinity of the -Station is approximately

25 to 28 feet deep, and within 300 feet of the shoreline, it

extends to a depth of 55 feet or more (Figure 6). .Mean tidal

flows at Indian Point are approximately 180,000 cfs, and average

monthly freshwater flows range from approximately 5,500 cfs in.
August to 31,500 cfs in A pril (Table 1). At Indian Point, the
.salinity ranges from less than 0.1-ppt (defined here a's the salt

front concentration) when freshwater flows are greater than about

20,000 cfs to about 4 ppt, when 'fresh water flows are less than

6000 cfs (Table 2). For extremely low freshwater flows in the

range of 2,,000 .to 3g000 cfs,, mean monthly salinity (ppt) at
Indian Point can approach 10 ppt. The salt front is generally

south or downriver of, Indian Point during March, April and May

,and north or' upriver during the remainder of the year., Ambient

river water, temperature s seasonally follow changes in air temper-

ature and range from near 1*C to about 260C (Table 2).

The mean tide range at Indian Point is approximately 3 feet

and extends from -1.ft. MSL to +2 ft. MSL. Tidal currents during

flood tides approach 2.2 fps at mid channel, when tidal flows are

approximately 300,000 cfs. During ebb tide the, current velo-

cities approach 2.8 fps when flow is 350,000 cfs (LHL, 1976)..
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Table 1. Monthly Mean Freshwater Flow (cfs) at Green Is., NY
1947-1975

Month Maximum Minimum Average

,January 33,970 4,,187 13,844

February 31,970 6,259 14,062

March 36,280 9,123 Z0,957

April, 51!670 15,630 310,519

May 40,,520 9,431 19,229

June 29,,630 3,573 10,239

July 18,380 3,1311 6,788

August 8,929 2,912 5,533

September 16,980 3,724 6,197

October 10,140 2,967 6,761

Nlovember 26,150 3,270 11,001

December 27,010 6,096 14,290

Source: Texas Instruments Incorporated. 1976. A Synthesis of

Available Data Pertaining to Major Physiochemical

Variables Within the Hudson River Estuary.
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Table 2 MEAN MONTHLY SALINITY (ppt) AND MEAN MON4THLY WATER

TEMPERATURE (OC) AT INDIAN POINT.

MONTH

January

February

March

April

May

June

July

August

September

October

November

December

MEAN MONTHLY

SALINITY (ppt)*

1.6

1.7

0.8

0.2

0.5

1.1

2.8

4.2

3.9

2.6

1.6

0.5

MEAN MONTHLY

WATER TEMPERATURE (c*

1.6&

1.6

3.8

8.9

.15.4

21.6

25.5

26.4

24.2

17.1

10.8

4.7

I

* Data years 1977 and 1979 to 1983

**Data years 1976-to 1982
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Results of hydraulic model studies conducted by LaSalle

Hydraulic Lab (1976) indicated that the extent of the zone of

withdrawal and the amount of discharge water recirculated were

dependent upon the tide condition. Intake water during the flood

and slack tide conditions as well as during the ebb tide (Figures

7,, 8, and 9) tends to f low into the intake area of both Units 2

and 3 f rom the north. This apparently occurs during flood tide

because the water discharged from the plant south of the intakes

for-Units 2 and '3 forces the upstream flowing tidal water to move

in an offshore direction. The discharged stream of water moving

channelward, also "mdrags" water on its right side (north side)

channelward as well. This creates a southerly drift in front of

the intakes as water flows in to replace that pulled offshore.

These flows, coupled with the withdrawal of water into the

intakes, establishes a large clockwise moving gyre ~in front of

the station,, and causes the intake flow stream lines for each

plant during flood tide to extend upriver. During-average flood

tide conditions, the zone of withdrawal for Units 2 and 3 com-

bined (Figure 7) is about 300-350'. wide. Duri~g ebb tide, it is

about 250' wide (Figure 8). During slack tide it enters a broader

area in front of the plant with intake streamlines extending

upriver (Figure 9).

C. Indian Point Impingement

Numerous methods for reducing impingement have been investi-

gated and are reported elsewhere (USNRC, 1975). The causes of

impingement have been investigated but no definite conclusions

have been reached (TIj, >1979; 1980). Estimates of impingement

impact developed for the Cooling Tower Case have been published

(ORNLI 1982).

Although from 43 to 76 fish species have been collected

annually at the Indian Point Station since 1976, four species

(white perch, Atlantic tomcodo blueback herring and bay anchovy)

have made up approximately 90% of the total. Other species of

6
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interest such as striped bass and American shad have each con-

tributed from 1 to 2% to the average annual total during these

eight years. The total number of fish impinged annually during

this period has ranged from 0.85 X 10 6 in 1983 to 6.47 x 10 6.i
1977 (NAI, 1984), with a mean of 3.3 X 10 6 (Table 3).

The number of fish impinged within any one year is primarily

influenced by those environmental and biological factors (e.g.
temperature, salinity, food availability) that determine fish

movement patterns and, to a lesser extent, by the volume of water
circulated by each unit's pumps. Significant yearly changes in

the number impinged are generally attributable to fluctuations in

the. number of white perch impinged; however, variations in the

numbers of bay anchovy, blueback herring and/or Atlantic tomcod
impinged can also help produce a relative increase o; decline.

*Most fish are impinged during the fall months from October

through December. It is during this time that many impingeable

juvenile fish are actively migrating. Summer (July through

September) and winter (January through March) impingement totals

are nearly equal, while the fewest numbers (on average about half

that impinged during summer or winter) are impinged from April

through June.

White Perch

White perch, represented approximately 48% of all the fish

that were impinged during this time period (Table 3). Peak
impingement of white perch (Table 4) generally occurs between

December and March when they presumably overwinter in the lower
estuary (TI 1976, 1980). Nearly all of these fish are less than

12 months old. The proportion of these that are young-of-the-

year vs. those that are considered yearlings varies broad ly among

years.
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VTable 3. Mean, Minimum and Maximum Annual Impingement Estimates and
Percent of the Total for the Ten Most Abundant Species of
Fish Impinged at Indian Point Units 2 and 3 Combined During
the Period 1976 - 1983

MEAN
NO.

M IN
No.

MAX
No.SPECIES

All Species Combined
-'White perch
Atlantic tomncod
Blueback herring
Bay anchovy
Striped bass
American shad
liogchoker
Weakfish
Alewife
Rainbow smelt

3340047
1605292
495844
494683
371112
57510
57135
53676
48913
37840
30472

100.00
48. 06
14.*8 4'
14.81
11.11
1.72
1.71
1.60
1.*46
1.13
0.91

850076
286531
69591
1193

26317
12462
1497

22993
11,99
2223
1280

6472532
3154563
1726632
1601614
1332622

96550
229307
107089
174991
126098
83996
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Table 4. Percent of the Mean Annual Numbers of Ten Species of Fish Impinged Each Mont~h at: Indian Point Units 2 and 3 Combined

SPECIES

4

month White Perch Atlantic Tomcod Blueback fferz-ing Bay Anchovy Striped Bass American Shad Hogchoker Weakfish Alewife Rainbow Smelt

January
February

March

April

May

June

July

-4 August
September
October

November
December

24.7
16.5
12.9

6.5
3.8.
0.9.
0.7
2.4

1.5

4.8
10.8
14.5

0.5

0.1
0.1.

0. 1

6i.4
32.8
30.0
24.9

3.3
0.5
0.2
1.1

<0.1I
<0. 1

<0.1I

<0. 1

0.3
0.2

3.1
2.3

4.7
70.0

18.6
0.7

0.0
<0.1L
1.5

2.2
32.4

39.0
16.*4
8.0
0.4

<O. 1

23.7
11.5

9.6
1.4

1.2
0.4
6.9

10.0

4.6

6.3
5.3

19.1

<0.1I
<0.1I

<0.1I

<0.1I
<0. 1

0.4
35.8
27.8
4.6
13.*5
16.7
1.1

<0. 1

4.9
19.5

2.0
3.1

11.2
21.1
27.9

8.4
1.7

0.0
0.0

0.0
0.0

0.0
<0. 1

17.5

42.8
35.5
2.8
1.1
0.3

0.1

0.1

-C0.1
0.2

1.5

1.2

26.1
28.6
9.2

13.6
18.6
0.8

7.4
4.9
4.2
7.4

15.0
10.6
13.8
4.6
2.3

9.8
8.1

11..9



Atlantic Tomncod

Atlantic tomncod, represented approximately 15% of the total

number of fish impinged annually from 1976 through 1983 (Table
3). More than 87% of the Atlantic t'omcod were impinged from June
through August (Table 4). Virtually all (more than 99%) were
young- of-the-year fish. Peak impingement of Atlantic tomcod
corresponds to the downstream migration of the young-of-the-year
fish during the summer months from middle estuary spawning areas
to the regions near Indian Point (TI 1979,. 1980). A secondary
period of impingement occurs from December through February
associated with spawning movements of adult fish; however,.
impingement during this winter period contributes less than 2~% of

the annual-total.

Blueback, Herring

Bluebackc herring represented approximately 15% of all the
fish impinged from 1976 through 1983 (Table 3). More than 88% of
those were impinged during October and November (Table 4).
During these months, young-of-the-year blueback herring chara-
cteristically migrate' downstream from their nursery grounds to

more saline overwintering areas (TI 1980). These movements
generally bring large numbers of these fish past the Indian Point
Station. Virtually all (more than 99%) of the blueback herring

impinged annually are young-of-the-year fish..

Bay anchovy represented appr oximately 11% of all the f ish
impinged from 1976-1983 (Table 3). They enter the Hudson River
during the spring and utilize the estuary as a spawning and
nursery area (McFadden et al 1978). Peak impingement (approxi-
mately 87% of the annual total) of young- of -the-year and adult
bay anchovy occurs throughout the summer months (July through

8



September; Table 4). Approximately 84% of the bay anchovy
impinged during these mont hs are yearl ing fish.'

Strip~ed Bass

Striped bass represented approximately 1.7% of all the fish

impinged at Indian Point from 1976-1983 (Table 3) Most striped

bass impingement occurred from December. through March (Table 9)

and was primarily associated with. overwintering of young-of-

the-year and yearling fish in the vicinity of the Indian Point

Station.

American Shad

American shad represented approximately. 1.7% o~f the total

number of fish impinged at the Indian Point Station from 1976

through 1983.(Table 3). More than 60% of the American shad

impinged annually at both units were impinged during July and

August (Table 4), when this species utilizes the nursery areas of
the estuary (TI 1980). More than 99% of these were young-of-

"the-year fish.

Hogchoker

Hogchoker represented approximately 1.6% of all the fish

impinged from 1976 through 1983 at Indian Point (Table 3).

Hogchoker generally exhibit bimodal peaks in impingement.

More than 55% of the hogchoker impinged annually at both units,

were impinged -between September and November (Table 4), *coin-

ciding with peak seasonal abundance of juvenile hogchoker in the

Indian Point region (TI 1976). A less prominent peak in impinge-

ment occurs in early spring. Approximately 20% of impinged

hogchoker are impinged during May, reflecting increased activity
* as ,sociated with increased water tempe Irature (TI 1980) and

9



coinciding with the occurrence of peak catches of yearling and

older hogchoker in the Indian Point region (ThI 1976).
Weak fish

Weakfish represented approximately 1.5% of the total number

of fish impinged at the Indian Point Station from 1976 through

1983 (Table 3) More than 95% of the weakfish imping ed annually
at both units were impinged from July through September (Table 4)
when young weakfish utilize the nursery areas of the Hudsoni River

estuary (TI 1980). More than 99% of the weakfish impinged during
the summer months are young-of-the-year fish.

Alewife

Alewife represented approximately 1.1% of the total number
of fish impinged at the Indian Point Station from 1976 through

1983 (Table 3). Approximately 55% of the alewife impinged
, annually at both units were impinged during July and August

(Table 4) when young-of-th'e-year of this species used the nursery
areas of the estuary and begin to emigrate (TI 1980). More than

9.3%-of those impinged were young-of-the-year fish.

Rainbow smelt

Rainbow smelt represented less than 1% of all the fish

impinged at the Indian Point Station from 1976 through 1983

(Table 3). Impingement of rainbow smelt during spring is com-

prised of about 99% adults that are migrating into freshwater
areas of the lower and middle estuary to spawn (TI, 1976).

During the early summer periodt impingement consists of approxi-

mately 50% adults and 50% juveniles. Bimodal increases in
rainbow smelt impingement have occurred during the summer when

inipingeable sized young-of-the-year become abundant in the Indian
Point region and again in the fall as these. young-of-the-year

__ fish move downriver (TI, 1980; Table 4).
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III. ALTERNATIVE IMPINGEMENT MITIGATION TECHNOLOGIES

Preliminary conceptual designs for bypass systems, wedge

wire screen systems and horizontal travelling screens applicable

to Indian Point were prepared for comparison with more detailed

plans for Ristroph screens. In developing conceptual designs for

each of the selected technologies those factors found to be of

importance in mitigating impingement effects in previous studies

or applications of each technology at other locations were

considered. An attempt was. made to optimize each design given

the configuration of the existing intakes and the operating

requirements of each unit. Designs that minimized the inter-

ruption of condenser cooling water flows and avoided interrup-

tions of service water flows 'during installation and operation
were sought. Interference with cooling water flows'can result in

outages, with consequent high costs for replacement power.

Interference with service water flows would contravene NRC safety

standards.

Although cost estimates for Ristroph screens are believed to

be accurate, estimates for the designs prepared for all other

alternatives must be considered to be only approximations. The

degree of uncertainty is greatest for those technologies requir-

ing extensive further development and/or offshore construction,

particularly in deep waters, i.e. horizontal travelling screens

and Johnson screens. For all of the alternatives other than

Ristroph screens additional information must be obtained before

optimum designs can be developed. Detailed estimates of the cost
of more appropriate designs might differ substantially from the

estimates proposed herein.
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A. Ristroph Modified Vertical Travelling Water Screens

/ 1. Review of Technology

vertical travelling water screens are standard equipment for
exclusion of debris at water intake structures. These machines
consist of a continuous series of mesh covered panels mounted
between two endless chains that are rotated by operation of a
supporting sprocketed head shaft. A steel frame is used to
support the screens in a position normal to the water flow path
and extending from the bottom of the intake to the deck above the
water surface. Floating and suspended-debris is collected on the
mesh and basket frame, lips and is carried by the rotation of the
chains to a sluice for disposal. A spray system washes the
debris from the mesh into the sluice (ASCE 1982).

The design and operation of these machines may be readilypmodified to enhance the survival of fish that become impinged on
the screen mesh. The principle features of a modified travel 'ling
screen include the following: 1) a travelling screen designed
for continuous operation; 2) fish collection buc kets mounted on
screen baskets; '_3) a dual low pressure fish spray, high pressure
debris spray wash system; 4) fish return trough; and 5) debris
trough (Figure 10).

The principle upon which these modified travelling screens
operate is to collect impinged fish, and carry them to a sluice
for return to the water body from which they came with a minimum
of trauma. As the screens are rotated out of the water, fish
drop off the mesh and collect in the pool of water in the bucket.
As the basket rotates past a low pressure spray system, the fish
are gently washed into a sluice mounted on the intake deck. The
sluice carries the fish to a pipeline which then carries them to

* a point of discharge from which recirculation into the intake is
expected to be minimal. Screens modified in this !fashion are

12



generally referred to as Ristroph screens (Figure 10). Thorough

reviews of this technology can be found elsewhere (Cada et al

1979; Cannon et al 1979; ASCE, 1982; Santoro, 1984).

Continuous or frequently intermittent rotation of Ristroph

screens, whereby impingement time is reduced to a matter of

minutes (Table .8), will appreciably reduce the debilitation and

trauma currently imposed on fish impinged at Indian Point where

screens have generally been washed only once every 24 .hours.

Prolonged impingement increases the likelihood of abrasion and

exhaustion as fish struggle against the screen meshes. Ionic

imbalances in blood and tissue fluid may result from disruption

of the skin surface and interference with active salt transport

mechanisms across the gill surface as opercular movement becomes

difficult or impossible. Physiological effects of exbaustion are

exacerbated by interference with oxygen exchange across the

gills.

The ' addition of baskets - to the lower end of ' each screen

panel largely eliminates any chance of fish fallin .g f rom the

screen surface and back into the water with subsequent reimpinge-

ment and consequent trauma which is likely with the conventional

screen design which now exists.

Three vendors of vertical travelling screens offer fish

recovery systems (buckets, low pressure spray wash systems, and

collection troughs) as optional available equipment. over 140 of

these screens have been or are being installed at 30 water intake

facilities and have been formally approved as best technology for

fish protection at 24 of these installations. (Appendix A)

2. Survival of Fish Collected from Ristroph Screens

The survival of fish collected on. modified vertical travel-

ling water screens has been investigated at four East Coast

-generating Stations situated on estuarine waters (Surry, Salem,

13
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Danskamnrer and Indian Point) and at one seashore (Mystic) lo-

cation.

The Surry Generating Station is situated on a tidal portion

of the James River, (Virginia) approximately 29 miles upstream of

its entrance into the chesapeake Bay. Salinity of the estuarine

water at the site varies from 0 -to approximately 10 ppt. Water

temperatures range from approximately 35OF in February to about

800F in August. In May,. 1974,, travelling screens modiftied to

enhance survival of impinged fish were placed into operation at

Surry. This installation was a rear wash system (fish and debris

are removed on the plant side of the screen) and utilized a

deflector plate mounted in the screen basket -to facilitate the

transfer of fish from the screen to a sluice. A modification of

this screen basket design, which was made by angling a slotted

(1/80 x 1/2") mesh screen from the back of the lower rail to the

front of the top rail to eliminate the need for the deflector

plate, was incorporated on two traveling screens and was evaluat-
ed for enhancement of fish survival rates .(ANON). Two low

pressure spray washes were used to remove fish from the screens.

One spray was directed outward through the screens and the other
was directed downward from a position above and to one side of

the screens..

The Salem Nuclear Generating Station is situated on the

eastern shore of Delaware Bay approximately 50 miles upstream

from Cape May, New Jersey. Salinity in the vicinity of the Salem

Station varies from 0 to 20 ppt depending on freshwater discharge

from the Delaware River. Temperatures range f rom near 350P' in

February to approximately 80*F in August. Ristroph screens were

installed and testing was initiated in 1976. These screens were

designed after the Surry installation which included a rear wash

system with deflector plates in the screen baskets, a low

pressure wash mounted within the screen frame work washed outward

through the screen to remove the fish.

14



The Danskammer generating Station is located on the Hudson

River approximately 65 miles upstream of- the Battery at New York

City., The estuarine water at Danskammer. is fresh except during

periods of extreme low freshwater flow. Temperatures range from

near 320F in February to approximately 80*F in August. A Ris-

troph-type screen was installed for test purposes in 1979. This

was a front wash system. Low pressure wash system mounted

outside the screen frame sprayed downward toward the back side of

the bucket to .wash the f ish over the f ront edge of the .bucket
into the sluice. Deflector plates were not installed. Standard

3/80 mesh screening was installed. The screens were operated at

a~~i travel speed, 5 fpm'.

The Mystic generating Station is located on the Mystic

River, approximately 2 miles upstream of Boston Harborr Boston,

Massachusetts and withdraws nearly full strength sea water (30

ppt). Water temperatures range from near 32*F in February to

approximately 700F in August. Modified traveling screens were

installed, for test purposes in 1980. These screens utilized a

rear wash system and the free slide basket design which was

test ed at Surry. A slotted screen mesh (1/4" x 1') was also

installed on these screens.

A traveling water screen at Indian Point Unit 1 was retro-

fitted to a Ristroph screen in 1977. This screen employed a rear

wash system with both- internal and external low pressure sprays

similar to those used at Surry, and 2.5mm: synthetic screening. A

deflector plate was installed to facilitate the transfer of fish

to the sluice. Testing with this screen was hampered by mechan-

ical difficulties, and performance was never fully optimized.

Because of the similarity of the fish species collected at

these five Stations (Table 5) to those commonly collected on

Indian Point Units 2 and 3 intake screens (Table 3) and the fact

that many of. the design characteristics at those Stations are

analogous to those of' Indian Point (Table 6), results of these

15



Table 5. Stations at which the ten most abundant species in
Indian Point Units 2 and 3 Impingement Collections
Are Also Present

Indian
species Point Salem(2 ) Surry (3 ) Mystic (4 Danskammer~5

White perch
Blueback herring
Atlantic tomceod
Bay anchovy
American shad
Striped bass
Hogchoker
Rainbow smelt
Alewife
Weak fish

x
x
x
x
x
x
x
x
x
x

x
x

x
x
x

x
x

x
x
x
x
x

x
x

x
x
x

x
x

x
x
x
x
x
x
x
x
x
xV

Sources: (1) Normandeau Associates, 1984; (2) Public Service
Electric arnd Gas, '1984; (3) White and Brehmer in
Jensen, 1976; (4) SWEC, 1981; (5) Ecological
Analysts, Inc., 1982.
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Table 60

DESIGN CHARACTERISTICS FOR SELECTED INTAKE STRUCTURES

TWS:
Status Dimensions

Screen Approach Water Depth Screen
Stat ion Mesh Size Velocity Ranee NS Position Int:ake Flow

Mesh Size Velocitv Ran2e Ranve Salinity Travel Sneed

Indian Point

Unit 2.

Indian Point

unit 3

Indian Point

Unit 1

- 12' Wide

47' C to C

- 12' wide

47' C to C

T 10"1 wide

(46' approx.

C to C)

O 10' wide

56' C to C

3/8"9

3/8"9

2. 5mm

(1/10"1)

0.5 - .8 fps

0. 6 - 1. 0 fps

0.4 to .71 fps

26' - 29' 25' from front

of forebay

26# - 29' <1' from front of

forebay

25' - 28' 28'

84,000 - 140,000

GPM/pump

84,000 - 140,000

GPM/pump

70,000 GPM/pumip

0-4 ppt

0-4 ppt

0-4 ppt 5 fpm

Salem 0. 4" 1..1 to 1.5 fps 31' to 42' 22+' from front

Approx. of forebay to

fish escape slot

at screen face

,24' to 28' 14*' from front

Approx. of forebay

185,000 GPM/pump 0.5 - 20 4.5 to

ppt 1.25 fpm

Surry

Danskammer

o 14' wide 3/8"1 sq.
38' C to C 1/8"1 x 1/2"1

1. 3 fps

1. 5 fps

220,000 GPM4/pumnp 0 - 10 ppt

50,000 GPM/pump 0 ppt

10 to

20 f pm

5. 3 fpmT 8' wide
(15' C to C

Approx.)

0 8' wide
(48' C to C)

3/8"1 sq. 8 to 12'
Approx.

4+1 from front

of forebay

(Intake canal

*500' long)

Mystic 1/"x 1"I

(smooth top)
2 to 3 fps 28' - 38' 26' from front of

Approx. forebay
145,000 GPM/pump 30 ppt 3.3 to

15 fpm

9

* A dash H- means Riatroph screens are not present; T means Ristroph test screen;

** C to C means distance from head sprocket abaft to foot sprocket shaft.

0 means operating Ristroph screen TWC = Traveling Water Screen;



P studies should be generally applicable for projecting fish
survival rates at Indian Point should -the intakes be equipped

with modified travelling screens. Data summaries extracted from

reports of the studies at each of these sites are presented in

Appendix B. Listed below are brief discussions of the survival

rates for the ten species of fish commonly collected at Indian

Point for which survival rates at these facilities was also

evaluated.

Three types of survival rates are commonly identified among

these Ristroph screen studies: initial survival latent survival

and total survival. The initial survival rate is that portion of

the fish that are alive immediately following removal from the

screens. Latent or extended survival is that portion of the live

fish that live for an extended period of time, usua~.ly 84 to 96

hour.,s for the studies described here. Total survival is the

product of the icitial survival rate times the latent survival

P rate, and represents the portion of the total number of fish that

survive for 84 to 96 hours following removal from the screens.

Of these various rates, total survival rates might be most

representative of what ultimately happens to the fish following

collection. Initial rates do not account for possible mortality

among fish that are damaged or stunned in the collection process,

and latent mortality rates, which do account for at least some of

the mortality occurring shortly after collection,, do no t take

into consideration those fish that were dead upon collection.

However, when both rates are combined, the number of fish surviv-

ing for the extended period of time reflects the level of sur-

vival of all the fish collected. (It is important to note here

that some additional mortality may be incurred in the discharge

of the fish to the water f rom. which they came. Assessments of
total mortality presented here do not take into account this

potential mortality. However, it is discussed in section 111. 4.

b. entitled Fish Return Syst ems )
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a. White Perch

The initial, latent and total survival rates of white perch
following collection from Ristroph screens were investigated at
the Salem Nuclear Generating Station during the period 1976

through 1982. Initial-survival of the 36,238 perch examined was

91.6% and ranged from a low of 74 .8% to 95.6% (Appendix B: PSE&G,

1984(a), Table 7-6). Ninety two percent of the f ish were age

class 2 or younger, and 75% were young-of-the-year. White- perch

at Salem were impinged predominantly in the months of November

through April, (PSE&G, 1984(a), Table 7-7) similar to the season

of white perch impingement at Indian Point (Table 5).

PSE&G evaluated latent survival of white perch as a step in
the process of determining total survival following. collection

from the Ristroph screens. During these tests with 3021 fish, it

was observed that some fish showed signs of a loss of equilibrium

(LOE) for intervals of time during the 96 hour tests. This

condition was highly -seasonal and occurred predominantly when
water temperatures were below 100C. For those fish collected

live and undamaged (43% of the impingement collection) approxima-

tely 24% demonstrated this condition, and of the fish that showed

signs of damage (missing scales, hemorrhages, etc,,,; 49% of the
fish collected) 80% demonstrated loss of equilibrium. This,

condition was considered important since it could enhance mortal-
ity through predation following return to the water body, and was
applied in the assessment of total survival in two ways.

First, those fish showing a loss of equilibrium at the end

of the 96 hour test were considered dead. monthly estimates of

total survival under this assumption ranged from 47% in May to
89% in December (PSE&G,. 1984(a),, Table 7-17). Second, it was

assumed that any fish demonstrating a loss of equilibrium some-

time during the 96-hour test was dead. Based on this assumption,
~ monthly total survival ranged from 17% in February to 70% in

W September (PSE&G, 1984(a), Table 7-18).

17



PSE&G investigated the potential for loss through predation, '

and found no predatory fish to be present at Salem during the
winter. They did observe bird predation on the surface discharg-
ed fish, and through computations of bird feeding rates and
numbers of fish discharged in an LOE condition, estimated that
bird predation to be 29%. (It is doubtful that bird predation
would occur for fish discharged well below the water surface.)

Mortality associated with handling and holding white perch
was assessed using 857 fish. Survival rates were uniformly high
(>95%) and accordingly PSB&G elected not to adjust test data for
control mortality (PSE&G, 1984(a)).

At the Danskammer Generating Station (CHG&E Corp.) fish
collected from a continuously rotating Ristroph test screen in

the fall and winter averaged .72-98mm in length; and spring-
captured fish were approximately 127mm in length (EA 1982).' Initial survival of all sizes ranged from 92 to 98% and was
comparable among fall, winter and spring sampling periods. Total
survival (84 hours) ranged from 42 to 67% in the fall, 55% in the
winter and 51% in the spring (EA,, 1982). Data were unadjusted

for control survival.

At Indian Point Unit 1 inOctober and November 19'78, all of
the 37 white perch collected on a 2.5mm mesh modified travelling
screen survived, through 96 hours. These fish were primarily

juveniles (33 of 37 fish). In a series of tests conducted during
the fall in 1977 at Indian Point Unit 1 a total of 228 young-of-
the-year white perch were collected; 44% survived initially, but
only 18% survived through 84 hours. During the same tests, 37
yearling and older white perch had similar survival rates (40%
initial and 16% total survival). However,, these \ data were

believed to have been biased by the results of one test in
December (Ti, 1978). Initial survival of 178 fish (of all ages)

* was only 25% and was believed due to a high spray wash pressure

(unmeasured), and a five-hour long collection period, neither of

18



which condition is reflective of standard operating procedures '

for Ristroph type screens. When this sample was deleted from the

computations, average initial survival of all age fish was 88%

and total survival (84 hr.) was 78%. (Indian Point data were not

adjusted for control survival). In a spring 1978 study at Indian
Point 14 juvenile white perch survived the 96 hours (EA, 1978).

In two separate studies,, at the Surry Nuclear Generating

Station, (VEPCO) white perch initial survival collected on

Ristroph screens ranged from 96 to 99 percent (White and Brehmer

in Jensen, 1976). These survival rates were determined after an

approximately 15 minute retention period following removal from

the screens and collection in a 17,,000 gallon pool of water.

(The number of f ish involved in one of the tests was 140 but was

unspecified for the other. Latent survival was not i~nvestigated,

and control survival data were not obtained).

b. Atlantic Tomcod

Atlantic tomcod were collected from a Ristroph screen at

Indian Point, and survival was observed to vary with the season.
In tests during June, 86 fish showed 38% total survival (range 0

- 69%; EA,, 1.977, 1979; TI, 1978), whereas during December a

collection of 41 fish showed 95% total survival (TI 1978). Total

survival of 38 Atlantic tomcod collected during winter at the

Mystic Station averaged 86%. Too few fish were collected to

evaluate fall and spring survival rates at Mystic.

In a test of 30 adult fish collected 'at Danskammer during

the winter, initial survival was 97% and total survival was 83%.

(None were collected during warmer seasons). Atlantic tomcod~

were not collected at the Salem or Su'rry generating Stations.
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C. Blueback Herring

A total of 14249 blueback herring collected from the Ris-

troph screens at the Salem Nuclear Generating Station during the
period 1977-1982 were evaluated for initial survival. Average
initial survival was 81.9% and was typically greater than 75%
(PSE&G, 1984 (b)). Blueback herring less than one year in age
contributed 96.2% of the numbers impinged at Salem. Two peaks in

impingement occurred: November - December, and March -.April
(PSE&G, Table 7-4). Initial survival of age class 0 blueback
herring during March and April averaged 81.0%, and during Novem-
ber and December, it averaged 85.6 to 88% (PSE&G, 1984 (b); Table
7-12 revised) . Total survival of young-of-the- year blueback
herring was 24.2% in 'October,, 29.1% in November and 25.1% in
December. Survival of yearling fish in the Spring vlas nearly 0

(PSE&G, 1984(a); Table 7-12 revised).

Initial survival of 45 blueback herring collected at Dans-
kamme r during the fall was 64%, but total survival of 185 her-

rings (blueback herring and alewife combined) after 84 hours was
only 4% (EAr 1982). Total survival for blueback herring col-

lected during the winter or spring was not determined at Dan-

skarnmer.

Texas Instruments (1978, 1979) noted initial survival rates

for 529 blueback herring to be high (84%) and total survival of

444 fish to be 19% in studies conducted at Indian Point Unit 1 in
the fall (1977 and 1978). Survival during latent mortality tests
was observed to decline steadily over the 84 hour test period.

In two studies at VEPCO's Surry generating Station blueback
herring initial survival rates were uniformly high 90 to 94%.
Long term survival (i.e..96 hours) was not evaluated.
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At the Mystic Generating Station blueback herring and..-

Salewife were combined in the assessment of survival. Initial
survival of 5210 juvenile and adult herring was 96%, collected

during the fall, winter and spring. Total survival was 29% based

on 1835 fish held for latent survival tests. However, total

survival for 4635 young-of-the-year herring collected in fall

testing was 43% following an initial survival of 98%.

At Salem where salinity ranges from near 0 to about 15 ppt,

PSE&G (1984 (b)) found it to explain 84% of the variability in

mortality rates observed. Highest survival occurred in the fall

when salinities were approximately 10-15 ppt. Lowest survival

occurred in the spring (O%) when salinities were near 0. Total

survival of herring at the Mystic station which is also located

in a high salinity (30 ppt) region was observed to. be 29 to 43%.

At Danskammer the low total survival observed may have been

related to the absence of saline water at the station sinc e it is. located well upstream of the salt front.

At Indian Point, the salt front was generally downstream of
the Station during the fall, 1977 (TI, 1979), yet blueback her-

ring total survival was nearly 22% (TI, 1978). Salinity may
enhance survival but at low salinities other localized conditions

may be important in determining survival rates [i.e. reduced
approach velocity],

d., Bay Anchovy

The initial survival of 167,410 bay anchovy evaluated at

Salem averaged 60% and ranged from 80.3% in October to 47.9% in

March (PSE&G,1984 (c); Table 7-14). Anchovy were most abundant

from April through July at Salem during whi ch period the collect-

ed f ish were age class 1 or older and initial survival. ranged. from 47.9% to 65%.
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A total of 3,153 bay anchovy were held for latent survival0 tests, and 1,302 seine-collected fish were evaluated for handling

and holding mortality. Ninety six hour survival for control fish
averaged 80.6% and ranged from 52.2 in May to 98.2% in November.
Unadjusted latent survival of bay anchovy collected in an un-
damaged condition was 14.9% and ranged from 0 to 31.9% in Novem-

ber. Unadjusted overall survival of anchovies collected in a
damaged condition was 4.4% and ranged from 0 to 13.8%. Following
correction for control survival, the adjusted total survival for

undamaged as well as damaged fish, all ages combined averaged
9.6% and ranged from 4.9 to 23% (PSE&G, 1984(c); Tab'le 7-14).

Initial survival of bay anchovy at Indian Point was moderate

to low depending on age. Initial survival of 2415 young-of-the-

year anchovy was 25% while that for 65 yearling and adults was
55% (TI 1978). Adult total survival after 84 hours was also

higher (14%) than it was for YOY (<1%.

Initial survival of 22 young-of-the-year bay anchovy col'-
lected at Danskammer was 14% (EA, 1982). Initial survival rates

observed at the Surry generating Station ranged from 82 to 86%.

(White and Brehmer in Jensen 1976; Anon.) Latent survival was
not evaluated at either Station.

e. Striped Bass

At the Salem Station, the initial survival rate for 969

striped bass collected was 94.6%. A total of 49% (478) were
collected in an undamaged condition, while (45%) 439 showed signs

of damage. Latent survival studies were conducted on only 16
striped bass. Of the 13 collected in an undamaged- condition, 12

(92%) lived 96 hours. Only 1 (33%) of the 3 damaged fish however
survived 96 hours. A total rv u~Ival rate using both these
estimates, was computed to ,60%,./ Latent survival of 23 fish
held as controls was 100% an cordingly, no adjustments were

made.
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Initial survival of 65 striped bass juveniles collected from

a Ristroph screen at Indian Point was 85% -and total survival

after 84-96 hours was 78%. (TI 1978, 1979, EA 1977, 1979). Total
.survival of 14 striped bass coll ected in the fall at IndiantPoint
was 67% and for 51 spring collected fish it was 59%.

Striped bass survival immediately following collection from

the Surry Ristroph screens was 100% during one 18 month series of

tests, and 95% (75 of 79 fish were alive) in another testi (No

latent mortality tests were conducted at Surry).

Initial survival of 17 juveniles and 3 yearling striped bass

collected at Danskammer in the fall and 2 older bass collected in

the winter was 100%. No latent survival tests were conducted.

f. American shad

The initial survival of 204 American shad collected from the

Ristrop'h screens a~t Salem averaged 86.8%. American shad were

seasonally abundant through December and again in March through

May. Initial survival ranged from 80% to 95.8% for fall collect-

ed fish, and 80 to 100% for spring collected age class 0 fish.

(PSE&G, 1984(e); Table 7-6).

In fall latent survival tests, 4 of 7 American shad survi-
ved. Total survival (average annual initial survival X latent

survival) was estimated to be 49%.

Initial survival of 4 American shad were collected at Indiani

Point during the fall 1977 was 100%. Total survival after 84

hours-was 0 (TI, 1978). Initial survival of 23 American shad

collected in late spring-early summer at Indian Point was 87% but

total survival was also 0 (EA, 1979).

American shad were not collected at the Mystic or the Surry

Station.

K7i~
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p . Hogchoker

The initial survival of 79 hogchokers collected from RiS-

troph screens at Surry (52), Danskammer (22), and Indian Point
(5) was 100% in all stu dies (EA, 1982; TI,. 1978; Anon). In an

earlier study at Surry, initial survival of an unspecified number-

of hogchoker was 96% (White-and Brebmer in Jensen 1976). Among

the studies, however, total survival was evaluated for only the

five hogchokers: collected at Indian Point and was observed to be

100% (TI, 1977; 1978). No data on hogchoker survival at Salem

was reported and none were collected at mystic.

h. Weakfish

At Salem weakfish were impinged from June through December

and are most abundant during July and August. Initial survival

rates for weakfish collected at the Salem Station showed December

* survival to be 90% whereas that. for June was 63.6%. Total sur-

vival also varied seasonally, ranging from,34.5% in June to 52.7%,

in December (PSE&G, 1984).

Initial survival rates of weakfish collected at Surry ranged

from 59.2 to 100%, and initial survival of 19 weakfish collected
at Danskamrner was 87%. At Indian Point, 11 of 13 were collected

alive, but total survival was 11%.

i. Alewife

The initial survival rate for 1850 alewife collected from

the Salem Ristroph screens averaged 82.8% (PSE&G, 1984 (f); Table

7-7). Age class 0 fish contributed 91% of the total (PSE&G, 1984

(f); Table 7-4). As with blueback herring, late fall and mid-

spring peaks in abundance of alewife occur at Salem. Relatively

few alewife were. caught during other seasons. Initial-survival

of age class 0 fish ranged from 93.7% in October to 91.7% in

December. Spring 'survivals ranged from 83.1% in March to 73.1%
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in June (PSE&G, 1984 '(f); Table 7-6). No latent survival tests
were conducted on alewife collected at Salem.

The initial survival of 129 alewife collected at the Dan-
skammer generating Station averaged 74% among all age classes.

Survival of young-of-the-year alewife collected in the fall
averaged 71.8% (EA 1982). No latent survival. tests were con-

ducted for alewife alone rather, all herrings were combined to

assess latent and total survival. Results presented for blueback

herring (Section C, above) include alewife, are considered

generally applicable for alewife.

The initial survival of 116 alewife collected at Indian

Point during the fall periods in 1977 and 19 78 averaged 68%.

Total survival through 96 hours for these fish was only 5%. (TI

1978, 1979, respectively; EA, 1979).

Alewife were collected at the Mystic generating Station but
Wwere combined with *blueback herring, for initial and latent

survival). The total'survival rate for blueback herring (29%);

,Section C, above), is considered generally applicable to alewife.

Initial survival of alewife (number unspecified) collected

at the Surry generating Station (White and Brehmer in Jensen

1976) averaged 90.7%. However, seasonal. effects were not iden-

tified, and latent survival tests were not conducted-for alewife

collected at.Surry.

j.. Rainbow Smelt

Rainbow Smelt are impinged at Indian Po~int in relatively

uniform numbers throughout the year (Table 4). Initial survival
of 150 smelt of (all ages combined) following collection from the
Ristroph screen averaged 27% but total survival after 96 hours

was nearly 0%.
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At Danskammer 8 adult rainbow smelt were captured (2 in the

* fall,, 1 in the winter, 5 in the' spring) and initial survival

among all fish was 100% extended survival was not evaluated.

At Mystic initial survival of 964 young-of-the-year and

older smelt was 96%. Total survival was 32%. During winter

tests, however, young-of-the-year total survival was 46% fol-

lowing an initial collections survival of 97%. Total survival of.

older fish was 25% following an initial survival of 97%. -.

3. Projected Reductions in Impingement at Indian

Point

As noted in the discussion of the facilities at which

Ristroph travelling *screens have been installed, . results of

survival studies at these generating Stations can be used to

approximate reductions in impingement levels expected at Indian) Point if similar modified travelling screens were to be installed

10 there.

Total survival rates observed at the various generating

facilities discussed above have been applied to impingement

numbers from Indian Point to estimate the numbers of fish that

might be saved if Ristroph screens were to be installed. The

bases for the rates selected and the projected numbers of each of

the species that might be returned to the river alive are as

follows:

a. White Perch.

Evaluation of white perch survival following collection from

the Ristroph screens at Salem was the most-extensive and detailed
of the studies reviewed. The Salem data'were sufficient to allow

estimation of survival on a monthly basis, and since white' perch

impingement varies substantially across months, the application
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of monthly survival estimates might be expected to provide a
better approximation of the potential numbers of fish that could
be saved, than might be provided by application of a single
annual survival rate. Accordingly, Salem monthly total survival
rates completed for all age classes of white perch combined
based on differential survival rates for live fish and damaged
fish, and on the assumption that only those fish showing a lass
of equilibrium at the end of the 96 hour latent survival test
would die, (PSE&G 1984(a);* Table 7-17) werz applied to the
average number of white perch impinged at Indian Point Units 2
and 3 combined each month (Table 4) to provide a weighted esti-
mate of Mriawith Ristroph screvhs. This analysis indicated
that< proximmately 711% o~fth~ewh~ite ýperc~h mpinged annually might
be expected toý ~ ~unc iv ote~_on River. This level
of total survival is comparable to the range of survivals ob-
served at Danskammer and at Indian Point.. Since these data in
general were from screens operated without optimum designs for
screen baskets, meshes, or travel speeds, it is likely that
survival' rates' at Indian Point 'Could be higher with an optimized
Ristroph installation. To the extent that the reduced approach
velocities at Indian point relative to the intake velocity at
Salem may reduce the incidence of damage among the fish impinged,
-the projected 'return rate may be higher based on this parameter

alone.

b. Atlantic Tomcod.

Total survival at Danskammer and at Indian Point was gen-
erally high during winter months (83% Danskammer, EA 1977; 95%

Indian Point, TI 1978) but averaged 35% during the spring

(Indian Point, TI 1978; EA, 1979).

To estimate the percentage of Atlantic tomcod that may be re-
turned alive to the Hudson River following collection on Ristroph
Screens at Indian Point, the total survival rate for the spring
(35%) was applied' to the May through September impingement num-
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bers, and the 95% survival rate was a plied to the impingement

levels observed from October through pr ilJ- e .4). This

analysis indicated that approximatel 3.. -Atlantic tomco jimping-

ed annually may be returned alive. ith which to

project survival for Atlantic tomcod in the summer were collected

from the test facility at Indian Point Unit 1. This installation

was operated as a test facility, and it is believed that its

operation was not fully optimized. A fully optimized system may

significantly enhance the survival of this species.

C. Blueback Herring.

Evaluations of blueback herring total. survival following

collection from Ristroph screens at the Mystic Stations were

based on the largest numbers of fish of any .of the latent sur-

vival studies conducted. However, since the Mystic Station is in

a high salinity ienvironment (Table 6), which may enhance the

hardiness of the species (PSE&G, 1984(b)) survival data from this

site might overestimate survival at Indian Point. Further, blue-

back herring data from Mystic are confounded with the inclusion

of alewife in the survival estimates as are data from Danskammer

data. Also, Danskammer is situated in a predominantly fresh-
water environment, and therefore any benefits provided by saline

water toward the enhancement of herring survival would not be

present, as they would at Indian Point. Therefore, these results

may underestimate levels of impingement survival to be expected

at Indian Point.

Therefore, data from Salem for age class 0 fish (PSE&G 1984

(b);Table 7-12), which is the age class of 99% of the blueback
herring impinged at Indian Point, were applied to the average

monthly numbers impinged (Table 4) to project the numdbers of

blueback herring which might be returned to the river alive if
Ristroph screens were installed. (Sufficient data were not

available for age class 0 fish for the months of July, August and

September. Data for age class 1 fish (PSE&G, 1984(b); Table
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7-12) were_ ubstituted. This analysis indicated that approxi

ma 23% o the blueback herrin impinged annually might be
retuive 0 eiver. This level of survival is

substantial~ly higher than that observed at Danskaminerf comparable

to that observed at Indian Point,, but substantially less than

that at Mystic for young-of-the-year fish. it may be that the

spray wash water from the front wash system at Danskammer, which

could strike the fish 'directly, in addition to the totally

freshwater environment, contributed to the observed low survival.

The freeslide screen basket design at Mystic, on the other hand,

may have significantly reducedý the trauma of the transit from the

basket to the sluice and enhanced the survival observed there.

An optimized screen basket design and spray wash system at Indian

Point, coupled with the low salinity at Indian Point during the

periods of peak herring impingement, may produce survival rates

approaching rates observed at Mystic.

*d. Bay anchovy.

Evaluations of bay anchovy survival following collection

from the Ristroph screens at the Salem generating Station w ere

the most detailed of any of the studies conducted at the five

facilities discussed. These data allow assessment of projected

total survival levels on a monthly basis. Total survival, cor-

rected for control survival, for bay anchovy, all age groups com-

bined, (PSE&G, 1984 (c); Table 7-14) were applied to mean monthly

impingement numbers .for Indian Point. Since no estimate for

February was available, a survival value of 5%,. the 'average of

January and March survival rates, was utilized as a February

~u.rvivallestimate. This analysis indicated that approximately

%of the bay anchovy pinged annually at Indian Point may be

retu~rne Riiver alive. The total survival rates of

bay anchovy collected at Indian Point are comparable to the rates

observed at Salem. Since both facilities utilized comparable

screen system designs, improvements in design, (freeslide bas-

kets), and operation may increase the percentage of bay anchovy

that are returned alive.
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e. Str1ped Bass.

L imited assessments of total survival of striped bass have
been made. Estimates made for Salem are based on only 16 fish,
whereas those for Indian Point are based on 65 fish. Total

survival rate for 51 spring collected striped bass at Indian

Point was 59%, whereas survival of 14 fish collected in tthh
was 67%. The overall weighted average of these estimate is 61%

which can be used as the best estimate of the percent-a of

striped bass impinged at Indian Point which might 'be returned

alive to the Hudson River if Ristroph screens were to be instal-

led. For the reasons noted for white perch (and other species)

it is likely that the level of return could be improved thro ugh

optimization of screen design and system operation.

f,- American Shad.

Limited assessments of the total survival of American shad
have been made at the facilities at which fish survival following

collection from Ristroph screens have been studied because few
shad have been collected. At Salem the total survival estimate

based on the latent survival studies with 7 fish was 48.5%. At

Indian Point, t Ib-total survival of 27 fish was 0. A best

estimate o expected urv ival at Indian Point might be pr~ovided

by the av rage (25%) o the Indian Point and Salem data. How-

ever, with timization of the proposed Indian Point system
survival might ap ximate that reported for Salem.

g. Hoqchoker.

Results of initial survival studies show hogchoker survival

following collection from Ristroph screens to be nearly 100% and
based on extremely limited data, extended survival alsoo

t ~at or near 100%. Accordingly it is believed th 95t

300% o the hog chokers impinged annually would be returned to the

ie live.
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h. Weakfish.

Total survival of weakf ish collected in June at Salem was

34.5%p and was 52.7% for those collected in December. Weakfish

impingement at Indian Point occurs predominantly during July

through September with substantially fewer numbers being col-

lected in October through December. The June survival rate for

Salem was applied to Indian Point impingement numbers for the

months of June through October and the winter rate was appl-ied to

.the months of Novp er--*and-Dc This 'analysis indicated

that approximatelý 5 of the weakf Ii pinged at Indian Point

might be returned e usnRiver alive if Ristroph screens

were installed. Weakfish total survival at Salem and Indian

Point differs substantially, and the low survival at Indian Point

is believed due primarily to the paucity of data. Improvements

,in screen design and operation over that at Salem would be

expected to increase the percentage of weakfish returned to the

river alive.

i. Alewife.

The only estimates of total survival for alewife following

collection from a Ris~troph screen are from data collected at

I n;dqa) P oint. Total survival of alewife collected in the fall

W s 5%. This value is similar to the total survival of alewife

a n ubc herring combined (4.5%) observed at Danakammer and'

might represent the approximate percentage of alewife that would

be returned alive to the Hudson River. However, on the assump-

tion that alewife and blueback herring are comparably sensitive

to impingement trauma the survival rates referred to above may be

low, given the total survival rates observed for blueback herring

at Salem and Indian Point (Section 2.c). On the assumption that

total survival rates for b eback e ring observed at Salem are

applicable to alewife, about 13% of he alewife impinged. might

survive if Ristroph screen were s talled at Indian Point. This

percentage may still be low for the same reasons noted for
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* blueback herring survival, and with improved screen design and

operation,, could be substantially greater, approaching that

observed at Mystic for blueback herring and alewife combined.

j. Rainbow Smelt.

Only limited numbers of rainbow smelt have been evaluated

for total survival following collection from Ristroph screens.
Total survival of 309 rainbow smelt at Indian Point was less than

1%. (Total survival at Danskamrner was not assessed.) At Mystic
where the water is nearly full strength seawater, total survival

was 32%. If the survival of rainbow smelt at Mystic was a func-

tion of screen design and operation, and which was an improvement

over the Indian Point design, it is quite likely that the percent

oftoo eure avitrp scen at.or"~
will be higher than that observed during the 1977-1978 tests, and

may approximate that observed at Mystic.

) Summary

Survival of fish handled on Ristroph screen systems has been

found to vary among species and sites. Many of the studies were
conducted experimentally early in the development of Ristroph

technology. Parameter values, such, as screen wash pressure and
panel design, were varied and results reported reflect these

variations.

Recognizing that significant improvements have been made

recently in Ristroph screen design,, the performance of the
Ristroph screens pro posed for installation at Indian Point will
potentially provide mitigation equal to or better than that found

in the studie r orted herein. This may result in the success-

ful return o50% r more of all fish impinged at Indian Point to

the Hudson *v Survival of species of particular interest,,

* such as white perch and striped bass should be higher than that

overall average.
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4. Design considerations for a Ristroph Screen System

for Indian Point

Several major considerations are necessary regarding the
Ristroph system: These include such items as: 1) front wash or

rear wash system; 2) screen-basket design; 3) screen mesh size

and pattern; 4) screen travel speeds; 5) fish discharge loca-

tion, and 6) operation and maintenance considerations including
the need for cold weather protection. Through field inspections

of other installations and discussions with engineersi, station

operators and biologists at Utilities which have installed

Ristroph screens, and screen vendors, these and other design

elements have been reviewed with respect to the design of an

optimized system for Indian Point. 'The following discussions of
the principle screen components review the alternative designs

available and indicate those considered best for Indian Point or

alternatives which must be further evaluated to determine the"

p best overall design. After installation of an optimum design,

spray wash angles, pressures and screen speeds would be adjusted

to achieve optimum survival rates.

a. Screen Design

The design of the screen basket, fish bucket, and spray wash

system must be integrated to achieve the operating principle of

the system.

The selection of the spray wash system establishes the basic

design of the system. Two types of wash systems are available:

One washes the screen as it is ascending out of the water on the

front side (front-wash), and the second washes the screen as it

rotates over the headshaft and begins to descend toward the water

on the back side of the screen support frame (rear-wash). For a
r.ear wash system,, a screen basket frame that angles the screen

* mesh from the rear side of the lower rail to the front side of
the top rail provides the least interference in the discharge of
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f ish into the sluice. An alternate design in which the screen

mesh is fastened at the rear of the top rail as well as the

bottom rail of the screen basket, requires that a deflector plate

be mounted within the screen basket to prevent fish from being

caught behind the top rail as they, are washed across the mesh

when the screen rotates over the headshaft. Whereas the deflec-

tor plate is functional, it. does increase the potential for

damage to fish as they strike it when sliding into the sluice.

The former design provides a uninterrupted "free-slide" into the

sluice, minimizing the potential for damage. In addition the

free-slide design does not reduce the open area of the screen

basket as occurs with the deflector plate design. Reduced screen

open area results in increased through screen water velocities

which may be potentially harmful 'to fish, particularly soft
bodied species such as herrings or anchovies.

In front wash systems, orientation of the screen mesh within
S the basket frame is less important, but the angle of the low

pressure spray wash, however, is a very important consideration.

Low pressure wash water must enter the fish bucket~at a correct

angle to effectively wash fish over the front lip of the bucket.

into the sluice. The exactness required in positioning the spray

angle as-well as the maintenance of the correct spray pressure to

achieve the washing effect required make the front wash system

less desirable than the rear wash system. Whereas the rear wash

system requires the fish to be carried further (over the top of

the headshaft) the fact that they are carried in a trough of

water minimizes the adverse effects, if any, of additional time

spent out of the water body from which they came.

The favored design for Indian Point is the backwash system

with the screen mesh oriented in the basket from the lower rear

edge of the bottom rail to the f ront of the top rail. This

design is favored over the front wash system because fish removal.is more positive and is -aided, rather than opposed, by gravity,
as is the condition for the front wash design. Also, baskets in
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which deflector plates are installed to assist the transfer of It
fish to the sluice represent an unmeasured but potential source

of injury which can be avoided by use of the 'free slide" basket
design. Two elements of the low pressure spray wash system that

are important in fish recovery and fish survival are spray wash

angle of contact with the screen- baskets and spray pressure.

Screens are designed to allow adjustment of these elements to

obtain optimum fish collection, and survival. These adjustments

are made in the field in tandem to "float' fish off the screen

into the return trough.

Two types of screen mesh are available for Ristroph screen

systems: A.,) conventional square mesh weave, and B.) rectangular

mesh smooth surface weave. The latter type of mesh has been

tested at the Surry Generating Station,, and survivAl of fish

collected on it was approximately 13 percent higher than for fish

collected on conventional square mesh screen (Anon. ). However,

i, cleanability has not been fully evaluated under Hudson River

debris conditions. Filamentous algae is abundant in the intake

water at Indian Point, becomes entangled in the screen mesh, and

is difficult to remove. it is unknown whether the algae would

become entangled in the mesh of the smooth surfaced screen.

Studies to evaluate cleanability of variou~s types of screen

meshes are currently in progress at the Roseton Generating

Station (Central Hudson Gas and Electric Corporation). Results,

however, are not expected. to be available before 1985. At

present, because of the unknown cleanability of the rectangular

mesh screening, Con Edison prefers a standard square mesh weave

for Indian Point Ristroph screens.

Screen mesh dimension is another consideraLion in a Ristroph

installation. Very fine mesh screen (1.0mm as opposed to stan-

dard 3/8 inch mesh) has been proposed at several installations

(Somerset, New York State Electric & Gas Co; Prairie Island,,

* Northern State Power Co.) for potential reduction of entrainment

related mortalities. The benefits of a fine mesh Ristroph
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installation for reduction of entrainment mortalities at IndianPoint are unknown. Entrained organisms have been reported to
have relatively high survival at Indian Point in contrast to the

lower survival rates observed for fish collected from fine mesh
screens at Indian Point Unit 1 (EA 1979). Other investigations

underway .(Roseton Screen Study) suggest that intermediate mesh
sizes (i.e. 3/16) might be desirable, particularly with respect

to cleanability (Mussalli, Pers.Comm. 1984). Conventional 3/8
inch mesh has been proposed for use with Ristroph screens at

Indian Point, although finer mesh could be easily incorporated in

the future if data warrant.

The duration of time spent removed from the water body that

a fish experiences is a function of the screen travel speed.
This speed also determines the length of time fish, might spend

impinged against the screen. Screen travel speed at Indian Point

1 was 10 fpm,' and the maximum impingement duration was approxi-

Pmately 2.6 minutes. At Salem, maximum impingement duration was

approximately 6 minutes at the 5. fpm screen travel speed, and at

Danskammer, maximum impingement duration was approximately 2
minutes, again with a screen travel speed of 5 fpm. Data (Table

7) from the Mystic Generating Station on herring and rainbow

smelt, two sensitive species, indicated that survival rates for

juveniles were increased when travel speed was. increased and

impingement duration was decreased. The maximum duration of

impingement at Mystic for a screen travel speed of 3.3 fpm,
measured from the time the screen panels leave the boot section

of the screen frame until the screen clears the water at high
tide, is 11 minutes and at a speed of 15 fpm it is 2.4 minutes.

At Indian Point, the Unit 2 and 3 intakes extend to 26 feet
below mean low water, or -29 feet at mean high water., Table 8

lists the approximate duration of impingement in minutes during

high water stages for various screen travel speeds. These times
* represent maximum durations and would require a fish to be -im-

pinged on the screen basket as it rotates out of the boot section
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Table 7. MEAN % SURVIVAL BY SCREEN TRAVEL SPEED AT MYSTIC

GENERATING STATION - UNIT 7

Mean % Survival by Screen Speed

Low Medium High

(3.3 fpmn) (7.5 fpm) (15 fpm)

Rainbow smelt

herring

Adult

Juv.

Adult

Juv.

11

22

1

7

31

58

0

23

40

67

0

48

Source:. SWEC 1981

at the bottom of the travelling screen frame. It also assumes

the fish becomes unimpinged and is collected in the bucket when

it leaves the water. (The boot extends to about 1.5 feet above

the intake bottom.)S
Table 8. IMPINGEMENT DURATION BY SCREEN TRAVEL SPEED FOR INDIAN

POINT

Screen Travel

Speed FPM

Impingement Duration

(Minutes)

5

7

10

15

5.7

4.1

2.9

1.9

The time that fish may be in the bucket on the screen basket

until it slides into the sluice in a rear wash system would range

from 4 minutes at a screen speed of 5 fpm to 1.3 minutes at a

screen speed of 15 fpm assuming the distance of travel is 20
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feetithe approximate distance from the water surface to the

scree n position when it has tipped downward after passing over

the headshaft. Since the transport from impingement to the

sluice is in water,, adverse effects of exposure to air would be

expected to be minimal. Con Edison's proposed design would

accommodate rotation at speeds up to 20 fprn. Actual rotating

speeds and frequency of rotation would. be optimized based on

studies conducted after installation.

b. Fish Return System

The principle requirements for any fish return system are

that 1) minimal mortality be induced by passage through the

system- 2) minimal recirculation of fish back to the intake

occur, and 3) minimal potential for predation in tIhe region of

discharge be introduced.

A fish return system for a Ristroph screen equipped intake

generally consists of a trough 6r pipe that extends- from the

sluice at the screens to a discharge point in the water body from

which recirculation of fish to the intake would be expected to be

minimal. Since the fish are removed from the screens at an

elevation above the water, the return line flow is usually

gravity induced. A supplemental flow may be adJded to the sluice

to maintain adequate depth of water for the fish. Santoro (1984)

reports that fish return systems are in general in the stage of

ongoing development and cites Cada et al (1979) regarding several

environmental considerations that should be addressed in design-

ing a return line'. These include:

o sharp bends (greater than 300) should be avoided

0 only smooth, non abrasive materials should be used for the

interior surface
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0 protection from bird predation should be provided if an open

sluice way is used

0 multiple discharge points should be used to reduce poten-

tials for predation

o discharge points should be selected to minimize recircu-
lation of fish to the intake

0 water velocities within the return line should be sufficient

to prevent fish from residing within the line

0 the return of debris with fish should be minimized.

With respect to fish survival through a return Line, studies

at the Alden Research Laboratory (SWEC 1977) demonstrated, (Table

9) that survival can be expected to be high for sensitive species
(alewife, rainbow smelt) following-passage through a 10' diameter

pipe containing small radius (1 pipe diameter) 90 degree bends.

The return line proposed for installation at Unit 2 would be

approximately 1.5 to 2. feet in diameter, made of fiberglass, and
would by erated with a volume of approximately 1000 gpm (6 X
150 gp * /00 gpm spray wash water). A supplemental flow of CI
water would be provided as necessary to optimize f~f-ttrMgFihe

fish return system. Through pipe velocity would be designed toc
be about 4 to 5 fps.

The use of multiple discharge points for release of fish is

conceptually desirable, but studies to demonstrate its importance 5j
are not ayalable. For return lines with multiple discharge
ports, debris bu-i dup at the juncture of the discharge orifice st,..*
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Table 9. INFLUENCE OF WATER VELOCITY ON FISH SURVIVAL PASSING

THROUGH A RETURN LINE

Through

Pipe

Velocity

(fps)Alewif e

No. of

f ish

Tested

30

37

30

90

Number

Surviving

96 hrs.

29

36

17

76

2

4

6

8

Survival

96.6

97.2

56.6

84.4

Control

Mortality

20. 0

40.0

14.4

Smelt 6

8

8.5

8.6

9.0

9.4

9.5

75

75

100

100

95

100

50

67

54

22

78

31

81

13

89.3

72.0

22.0

78.0

32.6

81.0

26.0b

1.3

46.6

76.0

24.0

46.*3

7.0

52.0

) A

Source: SWEC, 1977

could cause blockages to the flow, and the pipe forms needed to

bifurcate flow into a discharge port could cause injuries to fish

that strike edges or corners that may exist there.

The ability to prevent debris from passing through the fish

return line may be a function of the degree to which it can be

removed by the low pressure spray wash. Based on observations at

operating Ristroph screen installations, there appears to be no

practical way to exclude all debris from the fish return line.
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It appears that the other considerations noted in Cada et al.
(1979) or Santoro (1984), which are presented above, can be

addressed with minimal difficulties.

The fish sluice proposed for Indian Point would be con-
structed with smooth interior surfaces to minimize abrasion to
fish as they pass through it. In addition a cover would be
placed over it to minimize bird predation, as has been observed

at other installations (Surry; White,, Pers. Comm.) and- large

radius bends would be used to minimize turbulance during passage.
The sluice would discharge into a pipe that would carry the fish
to a discharge point at a distance away from the intake to

minimize the potential for recirculation.

The currently proposed location for the point of discharge
of the return line for unit 2 is a position located approximately

300 feet riverward of the Unit 2 intake at a depth of approx i-
ma tely 50 feet. (The water depth in this areas is about 55 feet

(Pigurell). The discharge would be from a single orifice and

would *be directed westward and upward at a low angle (al~O).

This would result in the fish being returned at a depth below the

depth from which water is withdrawn into the intake (LHL, 1976)

and at a depth that will not interfere with' the navigation of
barges up to the Unit 1 wharf. Tidal currents in this area are

expected to approach 2 fps and should rapidly move fish away from

the area. This route would be expected to contain minimal

directional changes,, and any that would be required (bends to
conform with the river bottom, etc.) would be expected to be less
than.300 as recommended by Cada et al (1979).

Alternative areas for the point of discharge include a
position north of th~e Indian Point Station and a point some
distance south of the discharge structure for the Station. Based

on results of model studies. of intake water flow pathsp, a dis-
charge point north of the Station could result in recirculation

of fish t oward the intakes unless the return line extended
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Figure 11. Proposed Routei, and. DischArge L4~catibn, for the Unit' 2 Fish Return Line.



several. hundred feet offshore at which location water depths are

approximately 60'. This return line would be about 500 feet in

length from Unit 2. This location is considered undesirable

because of the excessive length of the line.

A fish return location south of the cooling water discharge
structure for the station has also been considered. Water depths

in this area are comparable to impingement depths, but the water

in this area consists of a relatively narrow band between shore

and the region of the thermal plume during ebb tide. Whereas the

thermal plume is a surface phenomenon, it does extend to -10 to

,-15 feet within several hundred feet of shore. Strong westerly
winds could drive the thermally enriched water onto shore during

ebb tides and could create, undesirable conditions for fish if

they were to be released in this area. The length.of a return

line to this general area would be approximately 1800 feet from

Unit 2.

Final selection of the fish return location for both Units' 2

and 3 Vill be made after an assessment of the distribution and

movement of fish within and across the major hydraulic boundaries

(currents and eddies) in the vicinity of Indian Point. A concur-

rent assessment of the distribution and movement of fish within

and near the intakes will be used to fine tune the operation of

,the Ristroph screens themselves e.g. to determine the frequency

and speed at which the screens should be rotated to optimize fish

survival and minimize breakdown of the screen drive system.

5. Schedule

Con Edison has pursued-arrangements to install one Ri stroph

modified travelling screen at Indian Point unit 2 this forth-

coming winter. The purpose of- this installation is to evaluate

the mechanical reliability of this impingement mitigation system.

Principle features to be evaluated include: 1). mechanical

reliability during extended periods of continuous operation; 2)
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areas for improvement of design to enhance operational reliabil-

ity, 3) impact of cold weather on operation and 4) maintenance

requirements.

It is anticipated that some assessment of survival rates
.will be possible during-these tests which are expected to contin-

ýue for six months from start up of operation. This -test program

should not be construed as a basis for delaying a decision on the

i nstallation of Ristroph screens at the five other forebays., but

rather a logical step in the optimization of the final design of

the screen system.

It is expected that a full complement of Ristroph screens
could be installed by summer, 1986. The principle elements of
this schedule are presented in Table 10.

This schedule takes into consideration the interests of the

Settlement Parties to see action taken at the earliest practical

date. it further recognizes the most practicable schedule. for

installation of new screens to minimize impacts on plant opera-

tions: and to facilitate working conditions during installation.

The next refueling outage is presently scheduled to begin in

early spring 1986. It is anticipated that the screens would be

installed during this outage.

An alternate schedule for installation might be developed

should an early decision be made to proceed with the installation
of five more screens. This could ad vance the schedule by approx-

imately six months. Commencement of screen installation could
begin in the fall of 1985. However, with the approach of winter

undesirable working conditions could be encountered and extreme
delays may be incurred due to cold weather conditions. Fur-

ther, the advanced schedule would not be advantageous because it
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Table 10. RISTROPH SCREEN INSTALLATION

UNIT 2.

SCHEDULE FOR INDIAN POINT

I Install one Ristroph Screen

II Evaluate Mechanical

Reliability

III Develop Specifications an d

Purchase Six Scr-eens

IV Obtain Vendor Drawings

for Con Edison Approval

V Fabricate and Deliver

VI Install and Test Run Screens

VII Commence Operation with

Ristroph Screens

November -December, 1984

January -May, 1985

June - August, 1985

October, 1985

Nov., 1985 -March, 19.86-

April - July,, 1986'

August 1986

would provide no time for enhancement of the screen design for

optimum operational reliability and maximum fish survival. Modi-

fications to all screens, should a feature of the design need to

be enhanced~ would require substantially more funds than if made.

following evaluation of one screen.

The Power Authority has completed conceptual design work for

Ristroph screens at Indian Point Unit 3 but p roposed to wait for

the testing results from Unit 2 before allocating additional

money for design, engineering or procurement.

Should the testing of Ristroph screens at UnLt confirm that

the level of impingement reduction is acceptable the Authority

would be prepared to plan for the installation of Ristroph

44

'I ,



screens at Unit 3 within 1.8 years 'after their installation at
Unit 2. The Authority's approach is consistent with the schedule

in Attachment 2 of the Hudson River Cooling Tower Settlement
Agreement and would wisely utilize the available funding for

impingement mitigation.

6. Costs

The estimated total cost to Con Edison for the instal-lation

of a Ristropb screen system specifically designed for year around
operation at the Indian Point site is $6 million in 1980 dollars.

Cost if the project were to be completed in 1986 as proposed by

Con Edison is estimated to be $8.5 million. This cost includes

the purchase of seven 12 foot wide Ristroph travelling screens

(six for installation, one to serve as a spare for,, use during

required periodic maintenance on the installed screens,) and one

6 foot wide Ristroph screen for placement in the service water

intake bay. (Since fixed screens are available in the second

half of the service water intake channel a back-up travelling

screen would not be required.) Also included in this cost is the

purchase and installation of a fish return line and up to

$300,000 for studies of the distribution and movement of fish in

the vicinity of the Indian Point intakes.

Because the Ristroph screens and the spray wash systems will

be operated continuously during the winter, the cost of an

enclosure and a heating system similar to that installed at the

Salem Generating Station on Delaware Bay has also been included.
This structure is essential to prevent icing problems, as well as

to facilitate the routi ne maintenance required to keep the

screens operational during the period when numbers of impinged

fish are expected to be high.

The estimated costs (in 1980 dollars) for installing Ris-
troph screens at Unit 3 are comparable to those for Unit 2.
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B. Fish Diversion Systems (Bypasses)

1. Review of Technology

Physical structures, such as louvers, angled screens, and

horizontal traveling screens have been used to shunt fish across
intake channels into bypasses from which they can be returned to

the waterway. Reviews of the history and status of these diver-

sion technologies can-be found in ASCE, (1982); Cannon-et al,
(1979); Santoro, (1984) and LMS (1984).

Whereas louvers are thought to induce fish avoidance by

creating a strong local turbulence between the louver slats, the

mechanism by which horizontal traveling screens and angled

screens divert fish is not well understood (Cannon..et al 1979;

Fletcher 1984; Santoro, 1984). Fletcher (1984) has-hypothesi~zed

that the relatively high diversion efficiency (i.e. percent of

, fish exposed to the system which enter the bypass) reported for
angled screen test systems may be' 'explained with little or no

recourse to a-guidance mechanism. Rather, diversion may largely

reflect random movement by a segment of the population which
avoid impingement long enough to encounter the bypasses by

chance. .These fish may be aulgmented by those fish which. become

impinged along the face of the screen and moved into, the bypass

by the force of the flow vector directed along the face of the

screen.

The percentage of the fish which might avoid impingement

long enough to randomly encounter the bypass, and thus avoid

trauma, is expected to be a function, of the dimensions of the

screenwell, the velocit-y of the incoming water,. and the swimming

capability and behavioral characteristics of the species. Data

with which to make projections of the percentage of fish that

might enter a bypass unscathed under any particular set of
* circumstances do not exist. Fletcher (1984) suggested a series

of experiments from which data to make such projections might be
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Sobtained. To date those studies have not been undertaken, but
preparations are currently underway (Fletcher, personal cornmu-
.nication).

a. Bypasses

Fish bypass channels which have been used in conjunction
with louvers, angled screens or horizontal travelling screens
generally consist of slots in a wall that extend vertically over
a portion or all of the distance from the bottom of an intake to
the water surface at the downstream end of a louver or screen
array (ASCE, 1982). The entrance to the slot may be oriented
normal to the direction. of water flow or as in the case of one
laboratory test (Schuler, 1973) parallel to it. The slots
provided entrance to a funnel that tapers downward to the dimen-
sion \of the fish return line or a chamber from which the fish are
removed by some physical means. Slot widths ranging from 6Sinches to 3 feet (ASCE, 1982) have been examined. The width of
the entrances into the 'Danskamzner and Oswego angled screen

bypasses is 6 inches (ASCE, 1982),. The bypass at the Danikammer
facility tapers vertically at 300 until it enters an 18'inch fish
return line and that at Oswego tapers at a 450 angle until it
enters a 24" return line. These bypasses widen horizontally from
6 inches at the entrance to, the dimensions of the respective
return lines.

A variation of a bypass system was investigated at the
Monroe Power Plant. This system consisted of a vacuum cleaner
type suction device positioned -horizontally a few inches in front
of a conventional travelling screen. As the travelling screen
was rotated, water was withdrawn through the 'device collecting
the fish in the vicinity of the bypass. This system was margin-
ally effective and has not been developed or utilized further
(ASCE, 1982).
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The willingness of fish to enter a bypass has been found to

be related to the ratio of the bypass 'water flow. velocity. to

approach channel velocity, particularly in the region near the

entrance to the bypass. Bates and Visonhaler (1957) reported

that 'if a reduction in velocity occurs just ahead of or within

the bypass,, the fish [salmon, striped bass] usually stall in

their movement and swim back upstream.' Schuler (1973) reported

that *test species (ocean fishes, including one species anchovy]

moved into and through a bypass channel only if the flow were

smooth and free from turbulance. Any abrupt changes in direction

prompted a backwelling and fishes moving thr~ough the channel

oriented to these areas turned tail and proceded to swim back out

of the (bypass] channel into the main flume." Schuler (1973)

reported excellent diversion of northern, anchovy in a louver

system with a 2 fps approach channel velocity and. a bypass

velocity of 2.5 fps. Bates and Visonhaler (1957) indicated that
"a gradual increase in velocity as flow approaches and enters the

bypass is desirable in the diversion of fish'.

Bypass width may. also influence the willingness of fish týb

enter the diversion channel. Bates and Visonhaler (1957) in-

dicated that striped bass (8-34mm standard length) were success-

fully diverted through a bypass as narrow as 2 1/2 inches.

However, steelhead trout were more successfully diverted when the

channel width was increased from 6 to 18 inches.

Because of the potential for clogging, Bates and Visonhaler

(1957) recommended against narrow (2 1/2', 4') bypasses and

selected 6' wide bypass for the louvered intake at the Tracy

Pumping Station, Troy, California. Stone and Webster designed 6'

bypasses for the Danskammer angled screen test facility

(Holsapple et al 1981) and for the Oswego Unit 6 angled screen

intake structure (LMS, 1984).

In recognition of the uncertainty with which fish can be

expected to encounter bypass entrances through. undirected
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swimming, Dr. Fletcher conceived of and applied for a patent for,

a mechanical device which is intended to move across the face of

an intake barrier screen and in so doing herd those fish swimming

immediately in front of the screen toward 'adjacent bypass chan-

nels. Figure 12, taken from Dr. Fletcher's U. S. patent applica-

tion, depicts one conceptual application at Indian Point.

Whereas, conceptually, such a herding device has merit, booth

biological and engineering studies are required to determine con-

ditions under which it may be applicable. Considerable variation

in response might be expected among species and life stages as I

environmental conditions varied. Some species,' particularly

pelagic schooling fish, may scatter rather than allowing them-

selves to be herded toward the bypass. Whether such scattering,

if it should occur, would remove them from the inflijence -of the

intakes is unknown. White perch and, perhaps other species,

subject to impingement largely in the winter when they appear to

be extremely lethargic at Indian Point (Section II.c), may not

respond to the herder.

In addition t o the biological uncertainties which exist

there are mechanical problems which may require considerable

ingenuity to overcome. It may be difficult to suspend the

herder several feet above the water surface in such a fashion

that it will be able to effectively sweep back and forth in a

water column nearly 30 feet deep moving at I. fps. Hydraulic

forces on the 30 ft. plus herder vane can be expected to -be

substantial.

b. Bypass Pumps

Pumps are ordinarily required to create a flow of water

through an intake bypass system to return fish to the water body.

Two types of pumps, centrifugal and -water jet, have been used

with success. In the Danskammer angled screen intake system,

water is drawn into the bypass by operation of an enclosed
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. screwtype impeller centrifugal pump (hidrostal, Figure 13)t and
in the Oswego Unit 6 angled screen system, the bypass water flow

is induced by a peripheral-type water jet pump (Figure 13). In

the latter pump a high velocity jet of water is formed at a

nozzle surrounding a suction pipe. The water jet induces a flow

through the suction pipe by creating a partial vacuum at its

orifice.

At the Alden Research Laboratory, survival rates for men-

haden, alewife,, striped bass and white perch following passage

through a 3" diameter jet pump\were determined. in these tests a
34 fps water velocity through the jet pump induced a 8.2 fps

suction pipe water velocity, and the combination of-the two flows

resulted in a mixing tube velocity of 12.3 fps. Survival of 450

menhaden passed through the suction pipe averaged 9.1%; 100 ale-

wife averaged 100% survival,, and survival of 1050 white perch

averaged 78%. The survival of the white perch appeared to be

* related to water temperature. Survival of 200 fish tested at

12.60C averaged 88%, whereas survival of 850 fish tested at

temperatures of 60C or less averaged 75% (ESEERCO, 1981r~.

Laboratory tests conducted in 1977 at Alden Research Labo-

ra tories on alewife survival following passage through a 12"

enclosed impeller hidrostal pump operated at 430 rpm averaged

98.5% (96 hour total survival) and ranged from 90% to 100%

(ESEERCO, 1981). In preliminary tests conducted in 1978 with an

open impeller hidrostal pump operated at a high rpm (>900, Taft,

Pers. Comm.) mortality ranged from 10.6 to 66.0% in menhaden, 22

to 42% in striped bass and 3 to 66% for white perch (ESEERCO,

1981).

In studies conducted at Ontario Hydro Research facilities in

Toronto, survival of seven species of fish including smelt and
alewife were investigated following passage through a 5" hidro-

* stal pump operated at speeds of 400 to 1200 rpm, and two alterna-

tive 120 diameter return lines. One line was 15.5 m long and
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contained two small radius (one pipe diameter) 450 and two 900

bends. The second was,2.3. m long and contained one small radius

(one pipe diameter) 45* bend. Fish were examined for signs of

physical damage including hemorrhages, bulging eyes, cuts, loss

of scales, bruises and fungus.

Alewife survival after 48 hours following passage through

the 15.5 m return line averaged 91.2% and was found to decrease

as pump speed increased (Patrick, 1982). The numbers o-f fish

injured during passage through the hidrostal pump was generally

small, but tended to increase with increasing pump speed. In one

series of tests, at 436 rpm only 1 out of 125 fish passed through

the pump was injured; at 60.4 rpm 8 of 125 were injured, and at

944 rpm 16 of 125 were injured. The most frequently observed

damage was hemorrhages (76%).

Rainbow smelt survival after 48 hours following passage

through the 15.5 m return line averaged 90% over the pump speeds

tested, and also decreased as the speed increased (Patrick 1982).

Injuries were lowest at the lowest pump speed and, without

explanation, were highest at an intermediate speed. The most

frequent sign of injury to smelt was' the formation of fungus

patches (49%), with hemorrhages next most frequent (37%). Water

flow velocities through the 15.-5m return pipe were 0.85 m/s at

436 rpm, 1.25 m/s at 604 rpm and 1.80 fps at 944 rpm.

Alewife survival through the short return line averaged

84.6%. Reduced survival rate relative to the long return line
survival was attributed to the generally poorer overall condition

of the fish used in the short return line test. Smelt survival

through the short return line was not evaluated. Other types of

centrifugal pumps have been evaluated for moving fish safely from

one location to another, but of the two types discussed above the

hidrostal pump appears to be the best available at the present

time.
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2. Design Considerations

In the absence of any proven mechanism for guiding fish into

a bypass channel# all. of the uncertainties identified by Fletcher

(1984) relative to optimization of an angled screen system apply

to the design of other bypass configurations. It is not possible

to predict for any given combination of intake dimensions and

approach flow velocities the distance over which fish of a parti-

cular size and species might be expected to move to randomly

encounter a bypass entrance before being impinged.' Therefore,r

effective optimization- of relevant intake design parameters is

impossible.

Con Edison considered two approaches to installing bypasses

at the Unit 2 intake. One approach involves the inptallation of

bypass slots immediately in front of each end of the existing

tra,velling screen (Figure 14A). The second involves the instal-

* lation of bypass slots at each end of newly-installed Ristroph

screens located near the position of the existing traveling

screens (Figure 14B).

In both cases the critical design parameters are the number

and size of the bypasses relative to the width of the screenwell

and the ratio of 'approach flow velocity to bypass flow velocity.

Other intake parameters (flow volume and approach velocity) are

fixed *by the design and operating requirements of the plant.

Whereas one might expect the proportion of fish encountering the

bypass to increase as the ratio of bypass area to screen area

increased, practical constraints are imposed on the 'upper limit

of this ratio. The-principal constraint from an engineering/cost

perspective is the v olume of water which must be pumped through

the bypass. That volume increases as the size or number of the

channels increase,.assuming that the ratio of bypass velocity to

thru-screen velocity remains relatively constant. For example

* two 6 inch bypass channels positioned at each end of an intake

forebay And extending from the bottom of the forebay to the water
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surface at Indian Point Unit 2 would pass approximately 76,000
gpm at full flow and a 1:1 ratio of by bypass to thru-screen

velocity. Doubling the width of the bypass channels would more
than double the flow because thru-screen velocity would increase.

From a biological perspective any increase in the dimension

of the bypass channel(s), which must occur at the expense of
screen dimension in a system of fixed dimensions such as exists

at Indian Point, will result in an increase in the velocity of
water approaching the screens. The relationship between velocity
and the number of fish impinged is highly uncertain and no de-
tectable changes in numbers of fish impinged would be expected
with increases in velocity of only a few tenths of a foot per
second over the range of velocities occurring at Indian Point
(0.5 to 1.0 fps). More substantial increases in vel~ocity might

not only increase the number of fish handled, but also reduce the
time that fish could resist impingement while swimming in front
of the intakes. Decreased residence in front of the screens time
might be of some a physiological advantage to fish eventually

impinged on a Ristroph screen, but it would not appear to enhance
the probability of a fish randomly encountering a bypass.

Both bypass systems considered by Con Edison were developed
in general accordance with criteria established for angled
screens. Bypass entrance widths of 6 inches were selected since

that width had been suc cessfully employed' in laboratory studies

(Bates and Visonhaler, 1957-; Stone and Webster, 1976; ESEERCO,
1981) and in the two angled screen field installations (Holsapple
et al, 1981; LMS, 1984). It is also consistent with the sizes of

fish encountered at Indian Point. Since uniform velocities in
the vicinity of the juncture of screen and bypass are least
likely to deter the entrance of fish into the bypass, a 1:1 ratio
of approach to bypass velocities was selected. Two bypasses were
included in each screenwell, one at ~each end of the screen.

53



The favored .type of pump for operation of either type of
bypass is the hidrostal pump. Although the preferred enclosed
impeller design in a sizý large enough (20") for operation of the
bypasses is not currently made, an open impellaekr model is avail-
able. Subject to confirmation that pump induced mortalities are
low (v<10%) for the proposed operating speed (500 rpm), the
hidrostal would be recommended for installation with a bypass
system. An alternative to the hidrostal would be the jet pump.
This pump would be fully capable of operating the bypass system
with low induced mortality. However the jet pump is not. recom-
mended because of the size and complexity of the piping system
(12 jet pumps, 12 driving flow pumps), the large volume of water
required for its operation (300-450 cfs) the large structure
(80' x 80' pit below water level) required to house the equip-
ment, and the need for 3 fish return lines fabr~icated of 5'
diameter pipe.

The overall design of the bypass and return line system0would be as follows: The 6" wide by about 25' high bypass slot
located on each wall of an intake forebay would taper at a 3Q0 to
450 angle to a 12" to 18' pipe that leads to a hidrostal pump.

The 6 pumps (one for each set of bypasses within a forebay) would
be located in a pump pit that extends to about 10 to 15 ft below
mean low water. The volume pumped by each of the hidrostal pumps
would be approximately 25 to 30 cfs for a total of 150 to 180
cfs. This volume would be required to create an approximately 1
fps bypass slot intake velocity, an intake velocity of approxi-
mately 1 fps. At 60% of full flow the volume would be pro-
portionately less. Upon passage through the hidrostal pumps the
water carrying fish would enter a manifold that would connec t/ to
2 to 3 fish return lines 42' in diameter for transport to the
river. The point of discharge in the River for either type of
bypass would be the same as proposed for the Ristroph screen
system.
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3. Projected Effectiveness

SIt is difficult to quantify the expected effectiveness of

either of the bypass systems considered above because of uncer-
tainty as to the percentage of fish which might enter the bypass

channels in good physical condition; i.e.,undamaged by encounters

with the screens or exhausted by prolonged swimming in front of

the screens.

The results of studies of fish handled by both jet pumps and
centrifugal pumps with enclosed impellers (hidrostal) suggest

that mortality imposed by these pumps alone on fish in good.
physical condition upon entering the bypass channel is on th~z

order of 10% to 25%. However, survival of damaged or exhausted

fish has only partially been evaluated, and has been Around to be

much lower (SWEC, 1977; Patrick, 1982).

Reported survival of hardier species of interest at Indian
Point (striped bass, white perch and Atlantic tomcod) after

passage through an angled screen system is on the order of 60 to
E80%,, but, survival of many others (herring, bay anchovy and

smelt) is on the order of 10 to 20% (Appendix C),.sThese. data

suggest that some trauma or debilitation, varying among specieso,

occurs prior to the fish entering the bypasses and passing

through the pumps. However the cause of the mortality is un-

known.

If we assume that angled screens provide little or no

behavioral guidance to fish entering those systems (Fletcher,

1984), then bypasses alone, without any guidance devices, might

be expected to provide mitigation on the order of that provided
by angled screens at Danskammer and Oswego. To the extent that

some fish which were impinged on the angled screens and subse-

guently moved by the force of the water into the bypasses even-

* tually survived, bypasses without Ristroph screen s would provide
somewhat less mitigation than reported for angled screens.. if,
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on the other hand, angled screens do provide behavioral cues

which direct fish to the bypasses with a minimum of truama,

bypasses without any such cues an d without Ristroph screens will

provide substantially less mitigation than angled screens.

Since the survival of f ish in Ristroph screen systems
differs little (generally no more than 10 to 20%) from. that

obtained with bypasses in angled screen systems (Appendix C),

little, if any, additional benefit beyond that achievable from

Ristroph screens would be derived from the substantial additional

expense of adding bypasses to a Ristroph screen system. For

example,. if one assumed that- all of the mortality reported for

alewife (;80%) in the angled screen studies (Appendix C) was

attributable to fish becoming impinged, at least momentarily, and

that all of those fish could be handled on a Ristroph screen

system with an estimated survival of 10% then survival from a

system in which Ristroph screens were coupled with bypasses might6
be expected to approach 30% (i.e. .8 x ..2 + .1 x 1. 0 = rn ý)2
rather than the 10% reported for each system alone. In fact,

however, the combined survival would be less than TAbecause

survival of bypassed fish would be less than 100% (based on

studies of survival through pumps). If the mortality reported

from angled screens was due largely to fatigue rather than
encounters with the screens the percentage of fish bypassed might

be more than 20%, but, survival of those fish would be less.

If a guiding device such as that envisioned by Fletcher were
developed successfully, then Ristroph screens would be an unwar-
ranted addition to' a bypass system. Survival of all species

might approach 70 to 90% (i.e. survival reported for pumps), as

the % of fish entering the bypass approached 100%. This assumes
that the guiding device does not drive fish which would otherwise

escape the screens into the bypass where they would become

subject to pump induced mortality.
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4. Schedule andCost

Both schedule and cost are contingent upon completion of

both biological and engineering studies. Hydraulic model tests

of the intake forebay with any bypass designs that are shown in

flume tests to be biologically effective must be conducted to

ensure that flow requirements of the circulating water pumps are

met. Because this is a new concept in retrofitting an intake to

enhance fish protection, prototype tests in one at Indian Point

forebay would be warranted. Table 11 presents a schedule by

which a bypass system might be designed, tested,,and installed at

Indian Point. This schedule however must be considered tentative

because difficulties encountered at any one of the major testing

steps could significantly delay following actions until the

matter is resolved. Further time might be required for NRC

review should final designs encroach on service water flows.

Table 11. BYPASS SYSTEM DESIGN AND INSTALLATION SCHEDULE

I. Develop Hydraulic and Biological October 1984-

Criter~ia March 1985

At

II. Conduct Performance Tests

III. Design, Fabricate and Inst~all

Prototype Test Bypass

IV. Conduct Prototype Performance

Test

V. Design Full Installation

VI. Fabricate and Install

-..April 1985 - March 1986

December 1985-

September 1986

October 1986-

September 198.7

.March 1987 - December 1987

January 1988 - March 1989

0 Cost estimates for the design, development and installation

of two types of bypass systems have been prepared. Each of the
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. two bypass systems would include the following: Twelve bypasses
(2 per intake bay); seven hidrostal pumps (one for each pair of

bypasses within an intake bay, and one as a spare), a 40' x 60'

enclosed pump pit; two 4'diameter by 5001 long fish return lines;

and piping to connect the bypasses with the hidrostal pumps.

NThe cost for a bypass "system positioned in front of the

existing traveling screens at Indian Point Unit 2 is estimated to

be $9 million in 1980 dollars. ($16 million at the 1989 -service

date). The cost of a bypass system positioned adjacent to Ris-

troph traveling screens is estimated to be $13 million in 1980

dollars ($23 million at the 1989 service date). This latter

estimate includes the cost of an .enclosure for the Ristroph

screen which is needed for cold weather protection.

Both designs considered here were developed for Unit 2.

Somewhat different designs would be necessary for Unit- 3 but

Pcosts and schedules would probably be comparable. Some savings

in combined research and development costs migh t be'realized if a

decision were made to employ the'same concept at both units.

Neither of these estimates include the cost for the instal-

lation of a fish herding device. An order of magnitude cost

estimate for a herder is .$250,000 installed (1980 dollars).

However, this estimate does not include design and' development

costs which are anticipated to be substantially greater.

C. Horizontal Traveling Screens

1. Review of Technology.

The development of horizontal traveling screens (HTS) evolv-

ed in the mid-1960s from the same observations of fish behavior

which led to the development of louvers and angled screens for

* diversion of fish away from water intakes (Kerr, 1953; Prentice

and Ossiander,, 1974; Farr and Prenticef 1974). The work was
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directed toward protection of migrating salmonids at irrigation
and- hydra-electric installations of modest dimension. A series
of essentially seven laboratory test models and small scale.
prototypes were tested (Bates and Vanderwalker,, 1970; Farr and
Prentice, .1974). Because HTS development ceased in about 1973
when substantial mechanical- problems with model VII were found,
the following~review of biological and engineering constraints on
horizontal screen technology excerpted directly from Cannon et al

(1979) is still appropriate:

Biological considerations

The HTS may function as both a behavioral and a
physical screening device. For screen orientations
angled to the approach flow fish approaching the travel-
ing screen may be diverted downstream to a bypasp channe'l
during which impingement may occur either,, momentarily in,
an intermittent fashion, continuously during transit to
the bypass,, or not at all. Organisms unable to avoid.
total impingement during transit to the bypass channel
can be washed off the screen and into the bypass. The
underlying cause-and-effect relationships of 'fish diver-
sions with *angled HTS are not well understood. The.
avoidance response exhibited by fish upon approaching the
screen has been attributed to both the flow patterns
produced by the screen's movement and the physical extent
of the screen itself. For screen orientations normal to-
the approach flow the HTS functions as a physical screen-
ing device impinging organisms and transporting them,
downstream for removal. Biological data as to the
effectiveness of the HTS system are limited to the Model
VII HTS test program and to preliminary studies on HTS
Models I - VI.

The Mod el VII HTS was tested under controlled
conditions in a flume approximately 6 m wide and 4 m
deep. The traveling screen was rotated at a speed of 41
cm sec. with the diversion leg traversing the flume
diagonally down 'stream at 300 to the approach flow. The
screen consisted of wire panels with 2.5-mm openings.
screen approach velocities were 30 and 91 cm sec: bypass
velocities were not reported (Prentice and Ossiander,
1974). The cleansing action of the approach flow on thea
screenface at the bypass channel eliminated the need for~,
a jet wash to deflect impinged organisms into the bypass .9

Hatchery-reared spring Chinook salmon f ry ,and
juveniles in multiple groups of 300 each were released
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upstream of the screening structure. These fish were
separated by size classes into mean total lengths of 26,
35, 70 and 170 mm. Water temperatures ranged from 2 to
160C of various impingement times. Test fish entering
the bypass were collected and held for 48-hr post test
mortality determinations.

The diversion efficiencies of the fingerlings ranged
from 91.5 to 99.8% with the overall survival rate greater
than 97%. With the exception of the lower efficiency of
91.5%, which occurred at night and at the higher velocity,
of 91 cm sec, no consistent trends in these data can be.
found. This lower diversion efficiency was attribut~ed to.
a series of bypass seal failures (Prentice and Ossiander,
1974). No impingement of fingerlings was observed. The
subsequent survival of diverted fish after a 48-hr
holding period wa uniformly high ( 97%) for nighttime as
well as daytime tests (Table 12). However, this resul 't
could be expected even had total impingement occurred
because of similar survival rates exhibited by the salmon
fry (Table 13) that were impinged for periods much longer
than the maximum possible record of 24 se; for the
juveniles.

The Model VII HTS diversion studies have demonstrat-
ed, under a narrow range of environmental conditions,
that the angled WDS can effectively divert and deflect
salmonids to a bypass channel. The actual diversion
mechanism - whether fish re~act to the angled screen as a
physical barrier or to the flow disturbances associated
with the. boundary layer of the traveling screen - is not
clearly understood. The Model VII tests were performed
for one fish species. (0. Tshawytseha) and at tempera-
tures (7 to 16*C) probably near optimal for swimming
activity of the diverted fingerlings. However,, it is
unlikely that disoriented or temperature-stressed fish
could be diverted as efficiently without being impinged.
The potential effectiveness of the impinge-and-release
capability of the Model VII HTS, as demonstrated with
salmon fry, can be 'extended to include angled 'HTS in
general and other relatively hardy species of fish.
Because the effectiveness of the impinge-and-release
concept depends on the physiological capacity of the
organism to survive the impingement force momentarily,
under similar test conditions relatively hardy fish
species would be expected to exhibit s~urvival charac--
teristics similar to those of the salmon fry.

Applicability of the Model VII HTS design concept to
the intakes of steam-electric power plants has not been
clearly established. Because the efficient removal of
debris is the principal design criterion for such intake
systems, the self-cleaning concept of the Model VII HTS
design may not be feasible. Thus, inclusion of a jet
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wash for both trash and fish removal may be necessary.
This makes the potentially deleterious effects of high-
pressure jets on impinged organisms *a concern.

Conceptually, HTS designs with orientations normal
to the approach flow contrast with VTS with fish buckets
only in that organisms impinged on the HTS are not
removed from the source water, thus requiring less
mechanical handling. However, the biological signifi-
cance of this difference is unknown. Presumably, the
various factors influencing the biological effectiveness
of fish-bucket-type screens, such as impingement duration
and velocity, similarly influence the effectiveness of
the HTS impingement device.

The prevailing theory for the design of the HTS is')
that the screen travel speed and direction must beý
matched with the local velocity component tangent to, the
screenface to achieve maximum fish protection capabili-
ties. Although this particular design .concept is gener-
ally believed to minimize the shear forces on impinged
fish, the biological significance of this phenolnenon has
yet to, be established. .The. shear force on organisms
impinged against 'fixed-angled screens diminishes as the
screen assumes an orientation normal to the intake flow.
For fixed-screen orientations greater than 3011, it is
unlikely that the shear force would be significant enough
to severely abrade fish that are impinged and held ~on the
angled screen by a-much larger normal force. Consequent-,
ly,, in all instances, it may not be necessary to match
the screen travel speed with the local tangential ap-
proach velocity to enhance the survival of impinged
organisms. These conditions, however', do not negate the
important biological advantage of a continuously rotating
screen in reducing the duration of impingement.

Engineering considerations

Prototype 'design considerations and operating
experience with the HTS system has been limited to
applications at hydroelectric power plants and irrigation
diversions. Hence, development of HTS system charac-
teristics has been based exclusively on its potential for
fish protection and not for debris removal. Consequent-
ly, HTS characteristics for application at steam-electric
power plant intakes are not well established.

The mechanical performance of the various prototype
systems revealed many difficulties that required addi-
tional design work. Mechanical wear and maintenance
problems have precluded continuous operation of the HTS
installation at the Van Arsdale Dam (Ray et al,, 1976).
The complex mechanical features of the Model VII proto-
type resulted in numerous shutdowns for maintenance such
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that maintenance time almost equaled operation time. The,I manufacturer of the Model ViI prototype has noted that
future development of this particular system is not
likely (Strow, 1978). It has not been established,
however, that adaptations of these prototype systems for
cooling water intakes would necessarily experience
similar problems.

Screenwell design. The physical characteristics of
the screenwell are primarily dependent on the biological
design concept of the screen - either an impingement
(Fig. 39) or a diversion device (Fig. 40) - and the
cooling system capacity. In either case, a certain
degree of redundancy in the screenwel]. design - or more
than a single HTS structure for an intake - is recommend-
ed to ensure system reliability and to permit continuous
full load operation during screen maintenance shutdowns.
Angled as opposed to normal screen orientation may result
in longer screen forebays because the need for a well-
conditioned flow upstream of the HTS appears to be
necessary. For both normal and angled screen orien-
tations, a bypass system for debris and fish'rempoval must
be provided at the downstream end of each HTS.

The physical characteristics of the intake flow near
the bypass for HTS have hot been studied. For HTS angled
to the intake flow, the best information available is the
studies conducted for angled VTS. However, the inherent
property of HTS that provides for the transport of matter
towards the bypass may reduce the bypass flow require-
ments. For HTS oriented perpendicular to the mean flow,
there are no comparable studies that can be extended for
interpreting the bypass characteristics. However, these
characteristics may not be as critical because the
impingement, concept provides for fish to be transported
passively to the bypass.

.The design concept for the HTS system can also
influence the-.magnitude of the screen approach velocity,
and thus the cross-sectional area of the screenbay. For
angled screen orientations, the approach velocity could
possibly be higher than that allowed for normal screen
orientation (depending on the species and size of fish)
because the impingement force is a function of the normal
component of the screen velocity - which is a fraction of
the approach velocity for angled screen orientations.

The width of each screen forebay should be based on
the proper match of the biological criteria of impinge-
ment duration and the mechanical limitations associated
with high screen travel speeds.. The design impingement
times for various species and sizes of fish can be
estimated -from studies such as theý ones conducted by TVA
on fine-mesh screening (Tomljanovich et al, 1977; refer

62



to Sect. 3.1.2). 'Because the biological significance of
matching the screen travel speed with the local velocity
component tangent to the screenface is not well estab-
lished,, it will not be emphasized in the design here.
Consequently, the scr Ieen travel speed may be substantial-
ly reduced below those of the earlier prototypes.
Moreover, by limiting the width of the screen forebays to
the range of about 3 to 4 m (as for conventional VTS),
the screen travel speed could be kept to a mninimumn.

The design height of the HTS' is an additional
concern that limits the system performance capability.
The increase of screen height adds a significant weight
penalty to the overall structure. This weight penalty
can adversely affect the screen suspension and structural
supports. A limit in the height of the screen can hinder
the HTS's utility for sites with large variations in the
elevations of the source water body unless the screen is
totally submerged. For totally submerged designs,
corrosion, sealing and accessibility for maintenance are
additional concerns..

O&M characteristics. Because the development
history has been brief, practical features of the HTS
such as inspection and maintenance methods have not
received proper systematic investigation. Historically,
continuous screen operation at high speeds (0.4 to 1.2 m
sec) has#, in part, resulted in poor mechanical p~erfor-
mance of the protot;,ype HTS systems. Moreover, debris and
sediment load tend to jam the lower tracks of the system.
However, if the operation schedule for HTS shifts toward
that of conventional VTS (i.e. intermittent operation
during less critical biological periods and slower screen
travel speeds), the mechanical reliability of the HTS is
likely to improve. In any event, the O&M characteristics
of HTS would be site specific.

Summary

Conceptually, the HTS has a number of design and
operational features that make it desirable from the
standpoint of fish protection at cooling-water intakes.
Based on the paucity of biological data for the ETS,
additional biological testing for a variety of hydrologi-
cal conditions and fish species is necessary before
'conclusions can be drawn concerning its effectiveness as
a mitigative device. The lack. of mechanical reliability
has detracted from the HTS's potential for power plant
application. Continued development of the ETS as an
impingement device with concentration. on improvi-ng the
mechanical performance may pe Irmit fts application in the
future. Prior to power plant application, the demonstra-
tion of the system's effectiveness and reliability will
be necessary.
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2. Design Considerations

Before horizontal traveling screens could be considered for

application at Indian Point, extensive biological and engineering

studies would have to be completed. Many of the structural and

mechanical problems encountered with earlier prototypes were

exacerbated by the perceived need to operate the screen at

extremely high speeds to minimize impingement duration and the

shear forces on the impinged fish. Studies of the same type

needed to optimize the design of other fish bypass systems are

needed as a basis for refining HTS technology. These include

development of an understanding of the role that scre en angle

plays, if any, in guiding fish, and identification of critical

relationships between system performance and intake dimensions,

diversion distance, flow velocity and the swimming pjerformance of

species of interest. If guidance,, rather than minimization of

trauma to impinged fish, is the principal factor contributing to

the success reported for prototype systems, then it may be

unnecessary to design systems for sustained high speed operation.

Once the biological basis for HTS performance is understood,

new prototypes can be designed and tested to operate as neces-

sary. Former problems with wear due to sustained high speed

operation might be partially controlled by use of new lighter

weight structural components and heavy duty operating mechanisms

developed for continuously rotating vertical screens. Other

fundamental design problems, such as a cleaning mechanism for use

in high debris waters and problems with' fluctuating water levels

such as occur at Indian Point would also have to be addressed.

A preliminary conceptual design was prepared for Indian

Point Unit 2 based on current understanding of system require-

ments (Figure 15). The design includes four screens angled 258,

to the direction of the flow with a 6 inch bypass at the down-

stream end of each screen,, and a 1:1 ratio of bypass to approach

velocities. A new offshore screen array was adopted because it
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. does not appear that horizontal angled travelling screens could
be accommodated within the existing intakes without seriously

affecting flow patterns to the circulating water pumps. In case
of failure, the existing screens would also provide back-up for

the horizontal travelling screens in the event that the latter

suffered chronic operating problems.

3. Projected Effectiveness

it is not possible to quantify the degree of mitigation

which might be provided by horizontal travelling screens until

questions raised above are answered. One might anticipate

effectiveness to approximate that of angled screens or other

bypass designs if guidance is an important component of perceived

effectiveness. If, on the other hand, effectiveness is due

principally to minimizing trauma imposed during impingement on

the screens, then effectiveness might be similar to that of

)Ristroph screens. Survival from angled screen systems has not
been found to. differ substantially from that reported for Ris-

troph screens.

4. Schedule and Cost

One might anticipate a period of 6 to 7 years, assuming no
insurmountable problems develop,, before an HTS system could be

installed at Indian Point. This period would encompass at least

one year to conduct biological studies and simultaneously evalu-

ate new technology which might be applied to overcoming earlier

operating problems. A second year would be required to design a

prototype and build a test facility. Two years of testing would

then be required to determine mechanical reliability and biologi-

cal effectiveness under conditions similar to those in the Hudson

River. Final design and construction might then require 2 to 3

years, depending upon the complexity of the structure whether an

O ~outage were required for construction and a need for IiRC review.
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.Based on current understanding of system requirements as

reflected in Figure 15, costs are expected to be comparable to

those for one of the more complex angled screen systems developed

earlier ($22 million in 1980 dollars; $40 million at the 1991

service date). Research and development costs of several million

dollars are anticipated and are included in the projected costs

for design and construction of the facility.

Similar considerations would apply to unit 3 although

ultimately, designs might differ between the two units because of

their different locations relative to the Unit 1 wharf and the

discharge canal, both of which impose structural constraints.

Some savings in combined research and development costs might be

realized if the decision were made to apply the same concept at

both units.W
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D. Cylindrical Wedge Wire (Johnson) screens

1. Review of Technology

Cylindrical wedgewire screens have demonstrated a potential

to reduce entrainment as well as impingement at water intakes

(Cannon et al 1979; ASCE, 1982; Weisberg et al, 1983). whereas

they have been used successfully for many years for withdrawal of

ground water, more recent application to surface water -intakes

has been largely restricted to low volume (<l00,000 GPM) with-

drawals under circumstances where the potential for clogging is

low or the cost of installing redundant systems is modest (ASCE,

1982; Mussalli, 1979). Use by the electric power industry in the

United States has been largely restricted to withdrawal of fresh

make-up water for closed cycle cooling systems. T~e only larger)
scale application to date has been at the J H Campbell Plant on

Lake Michigan where withdrawal of up to 370,000 GPM for once

'f through cooling began in late 1980.

Studies are currently underway in Maryland to evaluate the

use of this technology on a large scale and under estuarine

conditions where the potential for flow interruption due to

debris accumulation and growth of biofouling organisms is great
(Weisberg et al 1983). However, data with which to project the

biologi cal effectiveness and the operating reliability of a large

array of screens under environmental conditions which exist at

Indian Point (high debris loading and biofouling potential and

varying current direction and velocity) are unavailable.

Cylindrical wedge-wire screening systems are generally

designed to provide sufficient surface area to accommodate the

required flow volumes at thru-slot velocities of 0.5 fps (15

cm/s) or less. The velocity of water approaching the slots

declines rapidly with increasing distance from the screen and
* becomes n egligible at several inches from the surface (Cannon et

al 1979; ASCE, 1982). These low approach velocities apparently
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are largely responsible for enabling even some weakly swimmingI organisms to avoid entrainment and impingement. Other parameters
which apparently influence the effectiveness of these systems are

the size of the slots, the orientation of the cylinders relative.

to the direction of the ambient currents, and the relative.
velocities of thru-slot and ambient currents (Cannon et al 1979;

Hanson, 1979; Hanson, 1981; Weisberg# 1983).' However the rela-

tionships among those parameters and system effectiveness are not

yet thoroughly understood (Cannon et al, 1979; Otto et al, 1981;

Zeitoun et al, 1981; Weisberg et al. 1983), and since those same

parameters also influence the hydraulic performance, the poten-

tial for clogging and ultimately the cost of the system, further

information is required.

Most of the data available for evaluation of t~ie biological

effectiveness of cylindrical wedge wire screens are-from labo'ra-

tory and fl'ume studies (Hanson, et all 1978; Hanson, 1979;

Hanson, 1981; Heuer and Tomljanovich, 1978). A few in situ

studies using prototype screens have been conduct'ed (Brown,, 1979P

Lifton, 1979; Brown et al, 1981; Otto et al, 1981; Weisberg et

al, .1983), but the only data available for a large full scale

installation are those from the. Campbell Station (Zeitoun et al,

1981; University of Michigan, 1.982),. Studies have largely been

directed toward evaluating the potential for these screens to

reduce entrainment of ichthyoplankton, and have therefore tested

mostly small slot dimensions (1 or 2mm) and low (<0.5 fps)

thru-slot velocities with eggs, larvae-and small (<25mm) juvenile

fish.

Observations in all test systems suggest that at the low

velocities tested to date impingement of fish larger than 10-15mm

in length seldom occurs (Brown, 1979; Lifton, 1979; Hanson, 1981;

Brown et al 1981; University of Michigan, 1982; Weisberg, 1 983).

Although data on impingement are difficult to obtain under field. condition, SCUBA observers at the. Campbell Station reported no
fish impinged during several dives made in 1980 (University of
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Michigan, 1982). Divers observing a test, intake at the Oyster

Creek Nuclear Power Plant off Barne gat Bay in New Jersey reported

impingement of only a few pipefish (100mm) arnd elvers of the

American eel (25-50mm).. In both cases impingeable, fish were
reported in the vicinity of the intakes (Brown et al, 1981).

Results of studies on the influence of differences in mesh
size and thru-slot velocity on numbers of organisms entrained are

equivocal. Laboratory studies have suggested that the numbers of

plankton entrained are directly related to thru-slot velocity and
slot w-idth. Avoidance was also influenced by ambient currents

(Heuer and Tomljanovich 1979; Hanson 1981, Cannon et al,, 1979).

The occurrence of bypassing currents of greater velocity than

thru-slot currents appears to. be important in carrying organisms

and debris past the screens (Weisberg et al, 1983; A.SCE, 1982).

However results of field studies have been inconsistent. Tests

were conducted at the Campbell Station to compare the densities
of plankton entrained through screens with 2mm and 9.5mm slots

and through An unscreened pipe, with densities collected in towed
plankton nets. Thru-screen velocities were 0.5 fps. Few differ-

ences were found between the 2mm and 9.5mm screens,. and often,,
densities entrained through the screens did not differ from

densities passing through the unscreened pipe. All three usually

had significantly lower densities than the plankton nets towed

nearby (Zeitoun et al, 1981). Brown et al (1981) using a float-

ing test facility at the Oyster Creek station reported few

differences among the densities of organisms entrained at a
velocity of 0.5 fps through 1 and 2mm screens and an open pipe.
They also found that densities entrained through all three were

lower than background densities established by net tows.
Weisberg et al (1983) using a similar test apparatus at Chalk

Point examined both slot size (1mm and 2mm and no screen) and

thru-slot velocity (7 and 14 cm/s) by comparing densities of

organisms entrained with background densities. They reported

that relative to an unscreened port, entrainment could be pro-
gressively reduced with 2mm, and 1mm screens. The degree of
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difference varied among species. For bay anchovy larvae screen-

ing efficiencies of 98% and 70% were -found for 1mm and 2mm

screens, respectively, relative to the unscreened part. For goby

larvae relative effectiveness was 84 and 48% for 1 and 2mm

screens. No conclusions could be drawn as to the effects of
velocity differences. The authors concluded that additional

studies are needed to more fully evaluate the relationship

between slot size, thru-slot velocity and the swimming capability

of fish of various species and sizes before the degree -of en-

trainment mitigation to be achieved at any site can be predicted.

The principal concern relative to the use of cylindrical

wedge wire screens at large volume water intakes in general has

been the potential for loss of intake water flow due to clogging

by debris, biological growths, and under certa 'in., conditions,

frazil ice formation (Cannon et al 1979; Mussalli, 1979; ASCE,

1982; Weisberg etal, 1983; McGroddy et al, 1981)., The potential

for biofouling is greater in an estuarine or coastal environment

than in fresh waters where these screens have been used to date

(Wei~sberg, et al 1983). McGroddy et al (1981) concluded that

installation of fine mesh cylindrical screens was not feasible at

off-shore marine locations because of the propensity for clogging

by marine growth and' debris and the difficulty in providing an

effective cleaning mechanism.

At the Campbell Station, the 28 Tee shaped screens are

located nearly 3000 ft offshore where they are well away from
significant quantities of debris. No provision was made for

cleaning other than manually by divers,. but an alternate intake

source exists (McGroddy et al, 1981). To date no serious prob-

lems related to debris or biofouling have occur-red but on occa-

sion. growth of organisms has been substantial (University of

Michigan, 1982).

Where screens can be located close to shore, air back wash

systems have been used effectively to remove debris (McGroddy et
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al, 1981; ASCE,, 1982). In these systems a large volume of air

under high pressure (1.00 psi) is discharged periodically into the

interior of each screen. The burst of air removes debris accu-

mulated on the outer surface. However, biological growth or
debris accumulation on the inner surface as well as fine mate-

rials wrapped around the screen mesh may not be effectively

removed by the air burst. The frequency of cleaning must be

evaluated site-specifically before an appropriate system can be

designed.

Frazil ice must also be considered a potential source of

flow interruption. Frazil ice may form very rapidly during cold,

clear, windy nights in water bodies with no ice cover. Wedge

wire screens with small slot dimensions might be particularly

vulnerable (ASCE,, 1982; Mussali,. 1979). A single ,incident of

total flow interruption at the Campbell plant has been attributed

to frazil ice formation (Johans, Pers. comm.).

2. De-sign Considerations

Two orientations of wedge wire screening systems have been

considered.. One involves installation of the array of screens on

a bulkhead constructed along the shoreline. The second involves

installation of the screens offshore on a header system. Con-

ceptual designs for both such arrays have been developed for

Indian Point (Fig 16 and 17). Both have been designed to provide

up to 840,000 GPM through 9.5 mm slots at an average thru-slot

velocity of 0.35 fps and a maximum velocity of 0.5 fps. Any

reduction in slot dimension or thru-slot velocity would increase

the size of the installation and the cost. Conversely an in-

crease in either parameter would decrease cost.

From an operating point of view the bulkhead mounted config-

uration appears to be prefer~able at this point because of the

greater accessibility of the screens for cleaning and repair.

However, in the absence of specific hydraulic modeling informa-
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tion, the header array may provide superior biological protection
as well as enhanced cleanability. This design allows 'for a

staggered arrangement of screen cylinders which should reduce the

like 'lihood of organisms encountering multiple screens, and debris

flushed from one screen moving to an adjacent screen. For the

bulkhead design in which up to 20, Tee-shaped screens would be

aligned in a single r ow f ish are more likely to encounter rnul-

tiple screen and debris flushed f rom. one, screenuoelilyt
be carried to the next.

Before either system could be adopted, substantial modeling

of flow characteristics would be required. Considerable varia-

tion in flow patterns might be expected because of the tidal

nature of the Hudson River. Short periods of slack tide might
produce particularly troublesome conditions both fror~a. biologial

and an engineering perspective. In situ studies of debris

loading and biofouli~ng would be required and the cleansing

R characteristics of the proposed pneumatic cleaning system would

have to be evaluated in In situ. Some informat'ion on the poten-

'tial for clogging should become available from the small scale

installation which recently began operation near Peekskill$* NY.

3. Projected Effectiveness

A cylindrical screen installation appears to- offer the

potential to substantially reduce impingement of most species.

However, some uncertainty exists as the degree to which impinge-

ment of white perch, and perhaps some other species which become

similarly lethargic in the winter might be reduced. Commonwealth

Edison has noted th~at at installations on the Mississippi River

freshwater drum appear to be unable to resist current s as low as

0.1 fps at temperatures below 50C (Howe, Pers. Comm.). Un-

certainty appears to be greatest in this regard with the-bulkhead

mounted configuration. Site specific evaluation of flow patterns

O approaching the screens at various thru-slot velocities would be

necessary to insure protection of that species. If -Johnson
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screens were to b 'e installed principally to reduce impingement

and 'white perch proved to be capable of avoiding the screens at

low temperatures much higher velocities tJ,%" those tested to, date

may be appropriate.

There appears to be a potential to reduce entrainment using

9. 5 mm mesh screen. However, additional studies would be re-

quired to determine whether the density of organisms entrained

through such a system would be less than the densities currently

entrained. Previous studies at Indian Point have suggested that

densities currently entrained are less than average densities in

the river either because of avoidance or distributional differ-

ences (ORNL, 1982). Relocation of the intake to a point offshore

might inadvertently increase the number of individuals exposed to

entrainment if ichthyoplankton abundance offshore is~greater than

in the vicinity of the existing intakes. This factor would have

to be examined before selecting a location and a depth for a

screen array.

The biological merits of decreasing mesh Size below 9.5mm to

further reduce entrainment are uncertain; studies would be

required to, determine whether the extent to which small slot

widths reduced entrainment, if at all, warranted the greater cost

and potential for clogging of finer mesh. Since greater clogging

might be expected to. occur, resultant increases in velocity

through unclogged slots might offset some or all of the advan-

tages anticipated. Furthermore, survival of organisms entrained

may be reduced by trauma imposed during passage thru the slots.

4. Schedule and Costs

The design, model testing, prototype testing and final

installation of a wedgewire screen intake at Indian'Point Unit 2

or 3 is anticipated to take approximately 4 1/2. to 5 years

(spring to fall, 1989) depending on which of the two arrangements
evaluated were selected as the favored concept. (The duration of
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schedule is commensurate with that for angled screens as was

specified in the Settlement Agreement).

The time estimates provided for various phases of the

wedgewire screen installation are believed to be the minimum

required, particularly for testing and construction. Adeguate

test programs are required to fully evaluate seasonal fouling

problems and cleaning techniques, and construction of a facility

might have to be coordinated with a refueling outage. Should

unanticipated difficulties arise, however, particularly with

respect to debris and fouling condition, the service date f or

f inal installation could be delayed substantially. Some delay

may also accrue to a need for NRC review.

The cost of developing and installing, the bulkhead mounted

wedge wire screen system is projected to cost $12 million in 1980

dollars. Cost in real time dollars at the service date (March,

1989) is $22 million. The cost of developing and installing the

offshore design in 1980 dollars is. $16 million. The September

1989 service date cost in real time dollars is $27 million.

These costs include 40 Tee-shaped screens, bulkhead mate-

rials to construct the intake plenum, access roadway for servic-

ing the bulkhead mounted screens (not included for the offshore

array) and air cleaning systems. The offshore design cost

includes the placement of a four 12 foot diameter intake lines

which extend for a distance of about 75 feet offshore.
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IV. AVAILABLE FUNDS

The cooling tower Settlement Agreement provides as follows
for the use of the, monies ($20 million in 1980 dollars),, al-
located for angled screen installation at Indian Point' Units 2
and 3 in the event that a decision were to be made to abandon
angled screens.

"To the extent that at that point the amounts expended
by Con Edison and NYPA for the design and installation
of the screens, plus the amounts required to dismantle
and terminate the project, are less than $20 million in
1980 dollars, the difference in 1980 dollars shall be
applied to such alternative mitigation measures as the
partie's to this Agreement may mutually agree upon or,
absent such agreement, shall be contributed to the
research fund established pursuant, to Section 2.1
below. 'For the purpose of this Section 2.F, 1980
dollars will be escalated in accordance with the Con
Edison Construction Cost Index."

Con Edison and NYPA have incurred costs of $812,919 through
June 30,, 1984 f or work related to the angled screen projects.
Costs incurred by year have been as follows: 1981 $89,754; 1982
$463,593; 1983 $2.44,419; 198-4 $15,153.

Con Edison's Construction Cost Index escalation factors for
the years 1981,, 1,982 and 1983, were 7.0%,p 7.1%, and 6.5%, respec-
tively' A forecast of 6.3% has been made for 1984.

Reducing the actual expenses to 1980..dollars and subtracting
from the $20 million' allocation shows an unexpende d balance of
$19.3 million in 1980 dollars.
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V. CONCLUSIONS
Based on the foregoing evaluation, Con Edison recommends

that Ristroph screens be installed promptly at Indian Point Unit

2 in general accordance with the schedule presented in section

3.A.5.

Among the alternatives to angled screens, only Ristroph

screens have been proven to provide effective mitigat-ion of

impingement and acceptable operating performance under environ-

mental and operating conditions similar to those existing at

Indian Point. Some of the other alternatives show promise for

impingement mitigation based on the results of laboratory studies

and small scale installations, however those results cannot be

extrapolated to Indian Point and none can be implem~ented at the

site in the near future.

All require considerable further research and development to

) establish either the level of mitigation which might be provided

at Indian Point or to ensure that they would not jeopardize the,

continuous operation of the plants or both. Such work would

result in significant delays in the in-service dates if any

mitigation technology other than Ristroph screens were to be

sele cted. Furthermore, all of the other alternatives are antici-

pated to cost substantially more than Ristroph screens. That

additional cost is not commensurate with the uncertain benefits

which might eventually be achieved.

The Authority concurs with Con Edison's recommendation to

install Ristroph screens at Indian Point Unit 2. In addition,

the Authority proposes that an assessment of the distribution and

movement of fish within and across the major hydraulic boundaries
in the vicinity of Indian Point and within and near the intakes

should be conducted to help select the fish return location for

* both Units 2 and 3 and to help f ine tune the operation of the
Ristroph screens themselves, e.g., to determine the frequency and
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speed at which the screens should be rotated to optimize fish

survival and minimize breakdown of the screen drive system. The

Authority proposes that the results of these studies be examined

before Ristroph screens are designed for and installed at Unit 3.
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APPENDIX A

Modified Traveling Screen Installations for Fish Protection

No. of Installation Agency
Vendor Facility

Facilitv Screens Date Approved

Royce Equipment Hope Creek Generating
Station

Public Service Elec.
&Gas

Newark, New Jersey

Department of Energy
Farrell Construction

Contractor
Amistad Darn
Del Rio, Texas-

Somerset Station Unit 1
New York State Electric
Somerset, New York

Oyster Creek Nuclear
Generating Station

Jersey Central Power
& Light Co,

Forked River, New Jersey

Pacific Gas & Electric
Pittsbury Power Plant
Pittsbury,' California

Salem Nuclear Generating
Station

Public Service Electric
& Gas

Salem, New Jersey

Tennessee Valley Authority
Yellow Creek Nuclear Plant
Yellow Creek, Mississippi

6 1983

4 1979

4 1983 Yes

1
5

1977
1979

1 1982

Pending
Completion
of Studies

Yes

Under
Review

Project
Cancelled

6 1976

4 1981

Portsmouth Power Station 4 1981
Virginia Electric and
.Power Co.

Chesapeake, Virginia

E ih*c e n a e b e u c a e . O l r ~ s d a n i e

E0 ightee screens have 'been purchased. only 12 are used at one time.



APPENDIX A A

Modified Traveling Screen Installations for Fish Protection

No. of Installation Agency
Vendor

Royce Equipment

Facility Screens

Hope Creek Generating 6
Station

Public Service Elec.
& Gas

Newark, New Jersey

Department of Energy ý4
Farrell Construction

Contractor
Arnistad Damn
Del Rio, Texas

Somerset Station Unit 1 4
New York State Electric
Somerset, New York

Oyster Creek Nuclear 1
Generating Station 5

Jersey Central Power
& Light Co

Forked River$ New Jersey

Pacific Gas & Electric 1
Pittsbury Power Plant.
Pittsbury, California

Salem Nuclear Generating 6
Station'

Public Service Electric
& Gas

Salem, New Jersey

Tennessee Valley Authority 4
Yellow Creek Nuclear Plant
Yellow Creek, Mississippi

Portsmouth Power Station 4
Virginia Electric and

Power Co.
Chesapeake, Virginia

Date Approved

1983

1979

1983

1977
1979

1982

Yes

Pending
Completion
of Studies

S.

Yes

1976

1981

Under
Review

Project
Cancelled

1981

Eih cen aebe ucae.Ol r sda n ie

Eightee screens have been purchased. Only 6 are used at one time.



F~MC Millstone Nuclear Gene- 6 1973 Yes
rating Station

Northeast Utilities
Waterford, Connecticut

Shoreham Nuclear Gene- 4 1974 Yes
rating Station

Long Island Lighting Co.
Shoreham, New York

Wmn. F. Wyman Station 4 1975 Yes
Central Maine Power Co.
Yarmouth, Maine

Geo. Neal Station 6 1975 Yes
Iowa Public Service
Sargeant Bluff, Iowa

Council Bluffs Power 4 1975 Yes
Station

Iowa Power & Light Co.
Council Bluffs, Iowa

Alma Station 4 1977 Yes
Dairyland Power Co-Op.
Lacrosse, Wisconsin

Indian River #4 ý2 1977, Yes
*Delmarva Power & Light Co.
Millsboro, Delaware

Northside Plant 8 1977 Yes
Jacksonville El Authority
Jacksonville, Florida

Ottomwa Generating 2 1977 Yes
Station

Iowa Southern Utilities Co.
Centerville, Iowa

Gerald Gentleman Station 9 1977 Yes
Nebraska Public Power Dist.
North Platt, Nebraska

Northwest River Water 2 1978 Yes
Project

City of Chesapeake, Va.

Prairie Island Nuclear 8 1981 Yes
Generating Station

Northern States Power Co.
Welch, Minnesota
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Brunswick Nuclear 8 1981 Yes )
Generating Station

Carolina Power & Light Co.
Southport, N. Carolina

Envirex Surry Nuclear Generating 8 1974 Yes
Station

Virginia Electric Power Co.
Surry, Virginia

Portage Generating Station 6 1976 Yes
Wisconsin Power & Light
Portage, Wisconsin

Humboldt Bay Water Co. 2 1976 Yes
Eureka, California

Inland Steel Co. 7 1978 Yes
East Chicago, Indiana

Muscatine Power & Light 4 1981 Yes
.Muscatine, Iowav

cajun No. 2 6 1982 Yes
Cajun Electric Power
New Orleans, Louisiana

Lower Sheboygan Power, 2 1983 Yes
Station

Wisconsin Power & Light
Sheboygan Wisconsin

Refuse Power Station 2 1983 Yes.
Saugus, Massachusetts

Mystic Generating Station 2 1984 Yes
Boston Edison Company
Boston, Massachusetts



Sources: Royce Equipment Company, FMC, Envirex (A Rexnord Company).

Personal Communication M'ark London, PSE&G;
Ray Tuttle, NYSG&E Co;
JCPL Co.;
John White, VEPCO;
Chris Gross, LILCO;
John Fleckenger, Wisconsin P&L;
Charlie Guyfoyle, Wisconsin P&L;
Gary Ellinderf Cajun Electric Power;
Curtis Steitz PG&E Co.;
Richard Breitnos~er, Jacksonville Elec;
Dale Stroveland, Humboldt SBay Water;*
John Torsen, Iowa P&L Co;
Mr. Burkland, Iowa Southern;
Lee Eberly, Northern States Power Co;
George.Johnston, Dairyland Power Co-Op;
Sal Lobianco, Muscatine Power & Light;
Joe Upchurch, Refuse Power System;
Howard Hendricks, Northwest River Proj;
Bob Obson, Inland Steel;
Bob Malgahn, Delmarv4 P&L;
Peter Nichols, Farrell Construction;
.Kathy Finnigan, Boston Edison;
Mike Schatz, Boston Edison;
Paul Jacobson, Northeast Utilities;
Gus Booth, Carolina Power & Light;
Jack Sparks, Carolina Power & Light;
Leigh Alexander, Central Maine;
Jack Hardy, Iowa Public Service;
Bob Cadwallader, Iowa Public Service;
Bryan Barels, Nebraska Public Power;,
Tom McNulty, PSE&G;
John Baletta, PSE&G

1)1
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APPENDIX B

Data Summary Tables for Ristroph Screen Studies at

Surry Nuclear Generating Station,,

Salem Nuclear Generating Station,

Danskammer Point Generating Station,

Mystic Station - Unit 7,

Indian Point Unit 1.
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Eighteen-Month Evaluation of the Ristroph
Traveling Fish Screens

John &. White, Jr., and Morrs L Brebmer

Environmental Services Depvnmear
Virginia Electric and Power Company

Richmond, Virginia 23261

INTRODUCTION

On May 1, 1974, a new concept in vertical traveling screens for power station
intakes was declared to be in commercial operation at the Virginia Electric and
Power Company (VEPCO) Surry Power Station. The new screens include basic
modifications to and departures from the design and operation of conventional
traveling screeam, changes specifically designed to ,protect fish that mnight become
impinged on the screens during the cooling water withdrawal phase of power
generation.

This paper will describe the modified screens and Will give an ussesament of
their performance during the first IS months of operation. The screens, manu-
factured by Envirex Inc., ane popularly known as the Ristroph traveling fish
screens, se named for their basic designer Mr. J.D. -Ristroph, retired Executive
Manager of VEPCO's Environmental Services Department.

SITE, DL3CRIPTION

The Surry Power Station is located on Gravel Neck peninsula adjacent to HoS
Island on the James River, Virginia, about 25 nautical miles upstream from the
confluence of the river with Chesapeake Bay (Figure 1). The station consists of
twin nuclear units (Westinghouse pressurized water reactors), each rated at
788 MWe. Cooling water is wiithdrawn from the James River on the down-
stream side of the peninsula through a shoreline intake structure by eight
pumps, each rated at 220,000 galhnin (13.88 mn3 /sc). The water Is pumped into
a 1.7-mile (2.74 kin) long elevated concrete-lined canal, where it flows by
gravity through the condensers of both units, and is then discharged at a
velocity of 6 ft/sec (1.8 m/sec) an the upstream side of the peninsula.
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Table 5
Impinged Fash by Family and Species, Showing Percen tage Alive and

Percentage of Total Taken within Family

Percentage of Total
Family Species Percentage Survival within Family

Clupeidac, herrings
Dorosoru petenense 93.6 44.9
Brevoorta tyrwvusu 94.9 29.3
A losa estivhsh~I 90.4 14.0
Alow pzeudoharengusa ' 90.7 5.5
Doro some cepedlanaim 93.1 5.0
A lowo sapidissinui 93.5 1.2
Alar. mediocrts 82.3 < 1.0

Sci~aenidae, drums
Loeistonius xanthurus -96.7 76.6
Micropogon undulatus 82.7 23.0
Cywsoacon rege lis 59.2 e.1.0
Rairdiwia chrymmr 100.0 -C1.0
Cynoscion giebulozus -,60.0. < 1.0

Engraulidae, anchovies
Anchoo mitchilli 82.0 100.0

Ictaluridae, freshwater catfishes
Ictalu'uz Cetus 99.2 54.3
Ictaluwus punclt~us 98.8 28.9
kIlalurs nebulossas 96.8 16.8

Cypxinidac. minnows and carps
Notropis Audsoio.' h 96.6 87.0
Notemigonus cryaomicas 100.0 9.9
cy)prinas Ceplo 92.9 2.2
Hybogpwhihs nuchalus 100.0 < 1.0
Semnotlhs arrofmeculdgus 100.0 < 1.0

Atherinidue, silveruides
AMepoaida inenuiio 94.0 72.9
Alembras nwrmiice 81.7 1382
Menidie bmryhina 94.6 8.3

Pefcichthyiydae. temperate basses
Maoone americana 99.4 99.7
Morone w~xrifis 100.0 Ic1.0
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( Table 5 (Continued)

fteivetqe of Total
Family Speckcs Percentage Survival withini Family

Anguijlidne, freshwater eels
-~AnpiUla wosma 911.9 100.0

Centrarchidae. sunfiuhes
Lepondslibbhoms 99.5 91.4
Lepomis nwmecohirus 100.0 I.S
Enneocanthusglodons, 100.0 3.1
Lepomis auritus 100.0 < 1.0
Pornaxis nugromacukaus 100.0 < 1.0
Lepomis sp. 100.0 < 1.0
Ce,,nvarchuz "macoptenaz 100.0 < 1.0

Gobjidme. gobies
Gobibowm bowli 99.7 97.4
Gohwdsome ginsburgi 100.0 2A6

Cyprinoduntidae, killifishes
Fundujus heserociijuis 100.0 11.0
Fundulms diaphanus 100.0 16.0
Cyprinodon maiegatut 100.0 11.7
Fundkufr "Majakr 100.0 <1.0
Fundu lus con fluentus 100.0 <1.0

Percidat. perches
Perce fiavescens 100.0 50.0
Ethcosuroma oilmstedi 100.0 50.0

Soleidae, soles
Irinecres mouladaus 96. 100.0

Pomotoznidaie, bluerishes,
Pamotomlus 30110tinx 85.3 100.0

Bothidac, lefteye flounders
Parefichihys den mius 97.2 100.0

Anijdae, bowlins
Amini calmv 100.0 100.0

Scombridac, rmckerels and tunas
&omberornaius mOcu101us 64.7 100.0
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Table S (Continued)

Fanxily Species

Cauangi4ae, jacks and pompanos
Carnsv hippas

Lutjanidae, snappers

Lutianus g'imus

Petromyzontidac. lampreys
Penromyzon marinus

Mugilidac, mullets

Muali cephalus

Cynoglossidae, tonguafishes

SYmpvhwns pklumia

Stromsteidna. butterrashes
Peprilaa alepidona

Gasterosicidac, sticklebacks
Caslemzfaa scideant

Elopidae. tarpons
Elops mwwu

Trichiuridat, cutlassfishes.
Trichiurus leptwuns

Salmonidac. trouts
- Sulmo gakdneri

Percentage Survival

85.7

100.0

100.0

100.0

66.7

66.7

100.0

100.0

0.0

100.0

Percentage of Total
within Family

100.0

100.0

100.0

100.0

100.0

100O.0

100.0

100.0

100.0

100.0



COMPARISON OF TWO TRAVELLING SCREEN TYPES
AT THE SURRY NUCLEAR POWER STATION LOW LEVEL INTAKES

Abstract

A comparative study of Royce and Envirex screens installed at
the Surry Nucl~ear Power Station Low tevel Intake structure was begun in
1982. Results thus far indicate that catch rate and survival of impinged
fish were greater for the Royce screens incorporating "Smooth-tex" mesh
as opposed to the woven square mesh utilized on the Envirex screens.

I NTRODUCT ION

Surry Nuclear Power Station In Surry, Virginia is located on a
peninsula approximately 25 nautical miles upstream from the confluence of
the James River estuary with the Chesapeake Bay. This area lies on the
transition zone between fresh and salt water, and may be classed as
oligohaline. although salinities have ranged from 0 to 16.8 parts per
thousand during extreme conditions of rainfall and drought. In addition
to the local euryhaline and freshwater populations, the stretch of river
around the station Is visited by a number of migratory species, and is
a nursery area for both anadroinous and marine fishes.

When unit one went into commercial operation in 1972,,only
.the conventional travelling screens located at theipower station end
of the Intake canal (Fig. 1) had been Installed. These are a pressure-
differential operated, high pressure screen wash system, which produces
high mortajity among-impinged fish. After commnercial operation began,
relatively large numbers of juvenile fish were found In the Intake canal;
In order to reduce mortality of these and other fishes, It was decided
that the travelling screens to be retrofitted at the intakes area at the
river (Fig. 1) would be specifically designed to promote the maximum
possible survival of Impinged fish. The result. was the Ristroph travelling
screen system, manufactured by the Envirex Corporation. These have operated
until the present with an average survival rate of Impinged fish in excess
of 94% for all fish sampled.

In early.1982, an alternate type of travelling screen system was
ordered from the Royce Corporation to be installed In two of the eight
screen bays on a trial'basis (Fig. 2). It was felt that the basic similarity
of the two systems Indicated that the Royce system would produce survival.
rates which would meet federal technical specification requirements,
and that several aspects of the Royce system would be mechaqicaily advantageous.
A comparative study was Initiated which would assess the difference between
the two screen types in terms of catch rate, survival, and size selectivity.



Table 1. Survival of sample fish by species and
screen type.
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*Table 2. Numbers of fish sampled by species and screentpe
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,1~ Table 3. Mean length of fish sampled by species. wnotb, and screen type-.

Cos SPICIES [NylgEX ROYCE

1
2
3
'I

S
0
7
5
9

10
11
12
.13
14

ANCHDA MIUTCILLI
AIGUZ LLA ROSTRATA
BREVOORTIA TYRAHH1JS
CYNOSCID14 REGALIS
DOROSWUI CEPEOZAMUI
BO5IOSIam BOXC
ICTALI*US CATUS
ICTALU*US NEDULOSUS
LEID5TOnUS XANTHIMUS
nUCRoPosomIAs UIRULAYMJ
MROHE4 A*IERICA)4A
IiORONE SAXATI LXS
P"0=1T~U SALTAlUIX
TRINECTES HAOJLATUS

75.2

70.8

147.5

74.*1
123.4
49.5

.54.

00 .?
193.7
78.z

3t:2.5
35.0

2113.5
242.9
5? .0
00.3
64.0
30.1
87.0
51.7

YEARva -8 OT!

CBS SPECIES

a.

a:

i5 ANCHDA raTOIZLLZ
10 DREVOOYZA TYRAN8IS
17 LZ1DSTOI XANTHIUm3
is mICROpOS~tIAS UNOULAIW
19 llORNE AIIERICANA
to NO FISH TAKEN
n1 POMATOnUS SALYATRIK

- EARUB ONaW6h9

On2 SPECIES

t2 ANCHOA IUTCHILLI
23 MBEVORTXA TYR.AINN
r4 CYNODSCION MUKILS
25 DOROSOUl CEPEDIANUjI
26 ZCTALLWUS INEDULOSU
27 LEXOSTD=U XANTlIWWI
ZS ?IMflRAS flARTXNZCA
29 MCROPOSOHIZAS UNOULATW
30 hOROtIE AhERICAI4A
u1 NO FISH TAKEN
32 PARALICrHTMS DENTATUS
33 POflATOMIJS SALYATRIX
34 TRZKECTES MACULATUS

- EASE6I rONTHS-

INYZUEX ROYCE

135.0 125.?
S4.9 az.5

1"S.0 13Z.0

ENVIREX ROYCE

05.0 65.1
1*0.6

176.0
182.0 164.D
245.9
92.1 91.7

* 55.0
* 155.0

2 44.0

126.0
203.0

95.0 104.6

I.

CBS

35
36
37
30
39
40
41
42
43
44
45 -

46
47

SPECIES

AL0SA AESTIvALs
ALOSA PSIUDOHAREI4GUS
ANCNOA HITCHILL2
BRIVOORTIA TYRA104US
IDOROSWIA CEPEOZAIIAn
LEXO5TO1-lJ5 XYNURLus
LEPOMIS GIBBOSUS
M1110HA LIRSNYLLINA
IIENIDZA iIEMIDIA
JIXCROPOSSOK AS UNDULATUS
IiORDtE AMIERICAN&
NO FISH TAKEN
TRINECTES hACULATUS

zwvIREx Royce

90.0
50.3

.90 39.4

114.0

67.0
75.0
28.4

52 .0.

59.0



WHITE PERCH (MORONE AMERICANA):
A SYNTHESIS OF INFORMiATION ON NATURAL HISTORY,

WITH REFERENCE TO OCCURRENCE IN THE DELAWARE RIVER AND ESTUARY
AND INVOLVEMENT WITH THE SALEM GENERATING STATION
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Table 7-6
Mlonthly number and percentage mortality of white perch, all ages combined.

taken In Salem Impingement samples, 1977-1982.

MAY JUN JUL AUG SEP OCT NOV DEC JAN FED MAR APR Total

Number 1977
live 1978

1979
1980
1981
1982

Total

Number 1977
dead 1978

1979
1980
1981
1982

Total

Number 1977
damaged 1976

1979
1980
1981
1982

30 1
11

51 9
314 20
Lis 7

3
2
7
3

2
36

1
2

1
366
24
16

574 953
244 1.995
633 539
261 227
76 288

36
440
494
2a

59
87

598
366

59
1,904

594
613

55
345
8ol
293

55 12 7 3 4 362 1,064 117 27 150 172

565 60 22 7 39 411 2.150 4.866 1.115 1,137 3.320 1.746

7 4 1 *94 286
4 1 116 157 41 204 25 5

B 2 2 113 131 61. 127 95 392 14
257 12 5 6 11 122 140 92 122
22 3 1 1 5 24 9 79 41 .11

303 38 16 1 4 114 280 657 327 531 573 165

5 2 1 107 496
4 4 2 1 ý2 294 614 121 825 191 11

2 2 41. 532 628 347 1,244 2.655 1,317 97
352 22 5 4 2 4 31 210 65S6 1,509 909 642
104 4 2 1 2 7 12 368 157 725 394 69
69 19 23 2 3 252 639 459 182 172 214

15.438

-J

3,029

Total 533 53 34 9 47 548 1,324 2,674 2,637 5,896 2,983 1,033 17,771

initial
Mortality (0)
Upper 951 C.I.
Lower 9S% C.I.

21.6
23.9
19.5

25.2
32.1
18.2

22.2
31.8
12.*6

5.9
28.*2
0.1

4.4
10.7
1.2

1.0.6
12.5

6.8

7.5 8.0 8.0 7.0 9.3 6.2
8.3 8.6 8.9 7.6 9.0 7.1
6.6 7.4 7.2 6.4 7.7 5.4



Table 7-7

Monthly number and percentage mortality by age of white perch

4 taken In Salem Impingement samples, 1977-1982.

0

0+
Age In Month96

Number 1977
live 1978

1979
1980
1981
1902

Total

Namber 1917
dead 1978

1979
1980
1981
19692

Total1

Number 1977
damaged 1978

1979
1980
-1981
1902

MAY
I

JUN Jul,. AUG SEP OCT NOV DEC JAN FEB
2 3 4 5 6 7 8 9 10

MAR
11

574 853
ill 1,870

104 244 537
10 187 227

67 288
239 1.064

36
418
475
19

117

59
84

574
312

27

59
1,752

401
329

89

APR
12

55
308
487
179
124

0 0 0 0 0 114 1,422 4.839 1,065 1,056 2,630 1,153

94 286
3 '153 41 204 23 5

3 29 61 113 93 360 13
4 11 122 94 54 70
3 24 9 59 26 4

0 0 0 0' 0 3 L50 634 313 463 478 110

107 496
26 577 121 925 181 11.

34 82 300 1.216 2,614 1,215 67
12 201 624 1,106 505 218

7 358 156 475 178 29
95 547 459 192 85 79

0 0 0 0 0 34 329 2,479 2,576 5.202 2,164 404

+j

K)3

Total

Motality(t)

Mean
Upper 951 C.I.
Lower 95% C. I.

2.0 7.9 9.0 7.9 6.9 9.1 6.6
5.7 9.1 8.6 9.88 7.5 9.8 7.8
0.4 6.7 7.4 7:1 6.3 8.3 S.4



C*6 Table 7-7

Continued.

4,F

I+
Age to Kontha*

Number 1977
live 3978

1979
1900
1981
1982

Total

Number 1977
dead 1978

1979
1980
1981
1982

Total

Nlumber 1977
damaged 1978

1979
1980
1991
1982

MIAY
13 114

JUL AUG
1s 16

SEP
17

OCT NOV DEC JAN FES
18 19 20 21 22

MAR APR
23 24

i5

43
51
37

3
6
3

65
2804 131

1
3

34
4 8

25
118

32 183

14
209
64

1SL 14 5 0 4 13 435 0 0 32 337 289

2
a 2 32 62 3
9 2 21 25 20

1 2 9 9 5
1 3 8 6 4

17 5 0 0 0 '32 71 a 0 30 43 29

1 .2 133
1 1 6 101 314 21 3 10
22 1 1 a 201 219 204
it 1 1 4 165 124 22
2 1 64 32 7 36

Total 36 4 3 0 a 101 523 53 0 366 3S3 272

M~ean
Upper 951 C.I.
Gower 951 C.!.

8.3
12.1
4.s

21.7
42.7
7.'

1.8. 0.0
25.7
0.0

11.9
15.9
9.1

6.9 13.1
8.5 23.9
5.4 5.9

7.0 5.9 4.9
9.4 7.6 6.7
4.6 4.2 3.2
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Table 7--?

Continued.

2+
Age In Montba*

NIumber 1977
live 1978

1979
1900
1981
1992

-Total

Number 1977
dead 1976

1979
1980
1981
1982

Total

Number 1977
damaged 1971

1979
1980

1961

Tot~al

Motaliy12~)

mean
Upper 95% C.I.
Lower 9S% C.I.

MAY JUN JUL.
25 26 27

AUG SEP
28 ' 29

OCT NOV
30 31

DEC JAN ýFEB MAR APR
32 33 34 35 36

3
1
I4

105
45

4
3

1 40
3 72 72

4 13

2 28

25
2 5 2

14 19
11

119
40
44
36

13
120
11
29

171 7 2 0 3 630 154 27 19 32 239 173

3
4 1

35 12 3 2 19
46 5 1 16 6 20
6 4

3 9 3 3

55 5 4 0 0 35 21 7 3 22 25 23

1 5 27 5
2 193 150 23 13 36 84 17

93 2 2 2 10 5 26 96 107 132
29 1 2 a 17 48 2

130 2 2 3 2 198 271 101 39 151 290 205

4.5 5.7
6.2 8.0
2.8 3.5

15.*4
19.2
11.7

35.7
58.1
13.4

I.8. I.S. I.8. 11.2
14.7

7.7

4.7 5.2
f .7  10.3
2.7 2.1

4.9
13.6
1.0

10.7
15.0
6.5



Table 7-7

Cont~inued*

3+
Age In M~ont~hs*

Number 1977
live 1979

1979
19800
1981
1982

Total

MAY 'JUN
37 38

JUL
39

AUG
40

SEP
41

OCT
42

NOV
43

DEC
44

JAN
45

6 1
3

2 2
64

FEB MIAR APR
46 47 48

6
25 3S

2 26 is
5

5 13
11

12
3

2
14 11

Number
dead

1977
1979
1979
1980
1991
1992

6 3 1 __ _ _ _ _ 9 _ _ __7

84 13 3 0 .5 24 32 0 3 2 51. 66

I
3

23 14 2 3

59 2 2
2 1 16
2 4 12 3

63 9 0 0 0 24 is 0 2 2- 13 3

5 50 '45 3

82 9 1 4 34 33 a
9 1 1 32 17 10

24 1 4 34 16

TotalI

Number 1977
damaged 1978

1979
1980
198B.
1982

Total1

Upper 951 C.!.
Lower 951 C.I.

115 105 0 5 51 95 4 4 66 55 34

24.1
.29.2
10.9

28.1
46.3
13.8

1.8. 0.0
30.9
0.0

24.2
32.7
15.8

10.6
15.6
5.5

1.S. 1.8. 2.9 10.9
9.8 17.8
0.4 6.0

2.9
8.3
0.6

I



Table 7-7
Continued.

4+
Age ina Monthul

Number 1977
live 1978

1979
1980
1981
1982

Total

Number 1977
dead 1978

1979
1980
1981
1902

Total

Number 1 977
damaged 1978

1979
1960
3901.
1902

NAY
49

JUN .JKJE
50 51

AUG
S.2

SP OCT NOV DEC JAN FES MAR APR
53 54 -55 56 57 58 59 60

2

I
I

6
24 12
429

8

2 5 3
s

2 4 1I

55 9 1 2 .1 29 36 0 12 2 19 17

4
L 1

14 121
40 6 1 3 -4

4 1
6 5 5

44 7 1 0 0 14 19 5 0 7 0 11

3
1 21 4

12 121 25 3 10 1
50 5 1 2 16 a 49
16 4 1 2 86
1 9 11 2 11 5 31 12

a%

Total1 70 13 12 2 12 126 58 14 2 24 55 62

#tean
Upper 951 C.I.
Lower SS% C. I.

26.0
32.6
19.4

24.1
42.6
10.4

*1.1
31.8
0.2

1.8. 0.0
23.7
0.0

8.3
13.2
4.7

16.8
23.7
9.9

26.3
48.7
9.4

0.0
22.0
0.0

21.2
38.5
9.0

0.0 12.2
4.8 20.0
0.0 G. 4



Table 7-7

Continued.

5+~
Age in Months*

Number 1977
live 1978

1979
1980
1901
1982

Total

Number 1977
dead 1970

1979
1980
1991
1982

Total

Number 1977
damaged 1978

1979
1980
1981
1982

Total

Motality (1)

Mean
Upper 951I C.I.
Low~er 950 C.I.

MAY
61

JUN JUL. AUG SEP
62 63 64 65

OCT NOV DEC JAN FED MAR APR
66 67 68 69 70 71 72

5

25
1
2
2

I 7
1

7 .3
13 3

1
7 7 3 14

37 12 6 1 a 1 7 0 0 4 a 0

13 6
4 118
911
1 4 6

14 4 8 1 2 0 0 0 3 1 7 9

5 6
5 17 5 5 5

40 4 1 1 2 19 14 23
it11 2
24 a 2 59

-4

75 12 0 1 5 20 5 11 7 26 19 32

11.1
17..8
6.2

14.3
32.2
4.1

42.9
68.8
17.*0

I.5. 13.3
40.5
1.7

0.0
16.1
0.0

0.0
25.7
.0.0

0.0
28.1
0.0

30.0
100.0
0.0

3.2
11.2
0.0

20.*6
37.3
8.8

*22.0
36.2
10.8



4
J'able 7-7
Continued.

6+
Age In- Months*

Nlumber 1977
live 1978

1919
1980
1981
1982

Total

Number 1917
dead 1979

1979
1980
1901
1982

Total

Numtber 1977
damaged 1978

1979
1980
1981
1982

MAY JUN
73 74

JUL.
75

AUG
76

SEP OCT NOV DEC JAN FEB
77 78 79 80 81 82

1

2
48
11

2 1 11
17 222 l8

511 6 is

MAR APR
93 84

1
9 25

27 20

12
4

1
2
6I

5 S 20 2

67 5 5. 4 18 28 64 0 16 9 36 48

2 1

2 6 2 6 2
99 1 2 3 5
5 1 3

-6 4 2 3

110 a 3 0 2 6 4 3 6 6 7 0

2 2 1
1 1 2 1 .2 8
111 16 12 7 2

65 3 2 1 1 1 2 35 23 a
28 3 2 1 26 21 6
11 2 722 12 3 a

Total 107 11. 12 3 15 is 43 12 9 61 -47 24

Mortlity(1)

Mean
Upper 951 C.I.
Lower 95% C.I.

38.7
44.4
33.1

33.3
53.3
15.9

15.0
37.9
3.2

Is.. 5.7
15.9
0.7

11.5
23.4
4.4

3.6 20.0
9.0 48.1
1.0 4.3

19.4
37.3
7.5

7.9
15.0
3.0

7.8
14.9
3.2

0.0
5.0
0.0

0

I
Assuming May 1 birthday.

1.5. - Insufficient sample size.



Table 7-17

Estimated monthly latent, and total mortality of white perch impinged at Salem.. 1977-1982. under the
assumption of mortality of WEZ specimens only at 96 hr (i.e., assumption 1).

#a,

AtKAY JUN JUL

22.0 1 22.01 22.01

UP? OCT noV DEC JAN

7.72 7.72 1.72 7.72 7.7 2 .

YEB

7.72

r MAR-

7.72

APR

Initial Mortality (1) ("1~)

latent
Uive Category -

Total number live

?f@ozotlon Impinged (

1percent Vartellty (mi.)'

Damaged Category
Total nuber damaged

?raportiors Impinged (FV)

Percent mortality, (Md)

Weighted Latent Mortality (N.%L)

*Total Mortality (j

565 60
0.5146 0.5310

0.0 4.4 5

22 7

0.3929 0.4375

4.4 5 4.4

39
0.4535

4.4 5

411 L2,150 4.866 1.115 1.137 3,320 1,747

0.4286 0.6189 0.6454 0.2972 0.1617 0.3267 0.6283

2.1 2.5 1.5 0.0 0.0 7.2 13.0

533

0.4854
53

0.46"0

75.0

34

0.6071

40.50

9
0.5625

40.56

47 548 1,324 2,674 2,637 5.896 2.983 1.033

0.5465 0.5714 0.3811 0.3546 0.7028 0.8383 0.4733 0.3717

40.56 63.9 63.3 B.4 16.8 41.9 38.1 74.6

3.9 11.8 35.1 21.8 35.9

_j

39.6 37.5 26.3 24.7 24.1 37.4 26.5

52.9 52 4.5 30.5

q7 I r?2-ý
29.9

.#/0.1

42.2 311.2 11.4 18.6 40.1 27.9

sl I/ ýf~l I.?
40.8

IAverage mortality May-July.
2 Average mortality Awusgat-April.

l amed on Initial survival samupling.

4lamed on 1878-1982 latent mortality studies.
5Average 1918-1982 latent mortality for live-category fish.

4 Average 1970-1982 latent wortali1ty for damaged-category flab.
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Table 7-18

Estizated monthly latent and total mortality of white perch Impinged at Salem, 1977-1982, under the

assumption of mortality of all LOB specimens at onset of LOB (i.e., ausumption 2).

JUt' JUL ' Aug
SI

Initial Mortallcy (2) (N1)

Latent
Live Category

Total number live

Proportion Impinged (T L)

Percent mortality ("1) 
4

Dacaged Category
Total number damaged

Proportion Impinged (

Percent mortality (%D)

Weighted Latent Mortality C(MUL)

Total Mortality (

22.0 1 22.01 22.01 77

EP OCT NOV DEC JAN YES MAR APR
7.7 .77 7.7 .1;7 7.72 7

563

0.S5jP6

0.0

5333

0.4854

81'.56

60

0.5310

33

0.4690

75.06

22

0.3929

4.4s5

34

0.6071

40.5,

7

0.4375

0.5625

40.53

39

0.4535

47

0.5465

411 2,150 4.866

0.4286 0.6189 0.6454

1,115 1,137 13,320

0.2972 0.1617 0.5267

0.0 0.0 7.22.1 2.5 1.3

1,747

0.6283

13.0

1,033

0.3717

97.0

.0.3714

63.9 6

1,324 2,674

0.3811 0.3546

63. 5" 94.09

2,637

0.7028

84.09

3,896

0.8383

97.4 a

2,983

0.4733

67.2

39.6 37.3 26.3 14.7 24.1 37.4 26.5 30.8 39.0 81.7 35.6 44.2

32.9 51.2 42.5 30.3 29.9 42.2 32.2 36.1 62.2 83.1 40.6 48.5

1 Average mortality Way-July.
2 Average mortality August-April.

3 ased on Initial survival sampling.
4 Monthly 1918-1982 latent mortality for Ilve-category fish except as noted.

Average 197a-1982 'latent mortality for live-category flab.

6Monthly 1973-1952 latent mortality for dainaged-eategory fish.

7 A.
Average 1978-1982 latent mortality for damaged-category fish.

Monthly 1962 latest mortality for damaged-category fish under ms~iumption. of LOX death at onset.

Avetag e 1962 latest mortality for damaged-category fish-under assumptioo of L.01 death at onset.
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4 Appendix V1, TAe 7-4 (revised)
Age composition of blueback herring taken in Salem Impingement samples 1977-1982.

Age In months'

1977
1978
3979
1930
1931
1982

Total

A9 rIn M!onths

1977
1978

3930
3981

,*tat

2+
Age in Monlths~

1977
3178
0979

3982

Total

34
Aaa In Monnthsa

;97 7
1978
1979

1982

Total

VIY .II JUL AUC SEP OCT DSV IC A FE !A
12 3 A 5 6 1 a 9 10 11 12

136 72
21 1 2 M5 2,479 3 1 61.

1 69 495 1? is 1 2,142 2.CSS
10 25 2 1 10 22 15 261 25 1.524 2.V4
70 13 152 1,696 1,C24. 1 1 2116 I11

a 2 497 8go 73 71 2,769 !,41!

so AS 2 2 1 235 3,600 4.497 362 99 6,C31 6. C44.

13 14 i5 16 17 is 19 20 2M 22 23 24

3 2
S1 4 1 10 10

3 1 3 44 so 2 1
126 16 9 11 3 1 1 is 22

26 2 17 2
16 1 52 I. LO

172 30 11 16 4 /A? 165 is 1 0 £

i5 26 27 26 29 - 30 31 32 13 34 35

I a
87 .19

2 13
3 S 2 1 27 In

13 0 0 0 0 1 5 2 1 0 35 31*

37 38 39 40 41 42 £.3 44 45 .46 q?

3
4 2 2

13 1 S 6

20 I 0 0 4 0 0 70



r (Ple tp
Appendix VI, Table 7-4 (revised)

Continued.

4+ and older
Age In %**tha

t

19,01
Me9?

1979
1980
1981

Total

ctand Total

percentage 0+

?TeemStd3Ge 2+
Fercen'tage 3+
Percentage 4+

and older

IfAI JUN JUL AUG SEP OCT NOVW DEC
49+ 49+ 49+ 49+ 49+ 49+ 49+ 49+

JAN FES MIR APR1
49+ 49+ 49+ 1

22

10 1

37 1 0 a 0 1 2 0 0 0 3 43

322 79 13 is . 284 3,750 4,521 36449 6.,788 6.191,

24.8
"3.4
0.9
6.2
3.1

57.0 15.4 11.1 20.0 57.7
38.0 84.6 88.9 60.0 16.5

0 0 0 0 0.4
1.2 0 0 0 0
3.8 0 0 0 0.4

95.2 99.5 99.5 100.0 98.4 97.6
4.4 0.4 0.3 0 0.6 1.
0.1 0 0.2 0 0.3 .
0.2 0.1 0 0 0.1 1.
0.1 0 0 0 0.1 1.0

Assm.-a1ei Fay 1 bIrthday.



Appendix VII.Rqble 7-12 (revised)
Estimated Initial, latent, weighted latent and total mortality by age of

blueback herring taken In Salem impingement samples 1977-1982.

0#
Ave In Month@6

Initial Mortelityll)

Latent
Live Category
Mortality (1)
Xwiiber live
Proportion of
impingement live

Damaged Category
mortality (1)
Numiber damaged
Proportion of
inpingement damaged

MAY
I

JUN
a

JUL.
3

AUG SEP OCT
4 5 6

L8. 6

Nov DEC JANI FEB
7 8 9 10

12.0 16.4 19.5 20.0

MAR APR
it 12

16.1 19.215.4 19.*4 0.0

100 .0a 100.0a 0.0
64 25 1

0.9697 0.0621 1.000

99.2 c 99.2' 98.2'
2 4 0

0.0303 0.1379 0.0000

6 3 .6 b 63 .6 b 6 3 .6 b 63 .6 b

92 1976 2643 Ill

0.6070 0.8724 0.8150 0.4476

99*.0 997.20 90.2 c 98.2c

22 299 601 1307

0.1930 0.1276 0.1850 0.5524

6 3 .6 b 10. aIme.

14 2675 2S77

0.5000 0.6S32 0.6079

90. 2 c

14

0.5000

96.2

1420

0.*3469

99. 2

1662

0.3721

Weighted Latent
mortality Is)

Total Mortality

Ale in Months*

Initial Mortality(%)

Latent
Live Category
mortality (6)
Num.ber Ilive
Proportion of
impingement live

Darnaged.Catelory

%umber damaged
Proportion of
impifigesuent damaged

Weighted Latent.
mortality (6)

Total Mortality

99.9

100.0
0

MAY,
13

19.2

100.0k

92

0.7797

99,..

99.0
6.2.
.IU"

14

26.9

12

0.6316

0.0.

15

0.2000

'AUG
16

46.2

.63.6
* 4

0.S714

70.3

75.8

SEP OCT
17 is

0.0 6.3

68.0

19

14.*0

63.*6
33

0. 673S

0. 3265

70.*0

74.9,

DEC
20

16.*7

63.*6
5

0. 4545

0.545S

62.7

86.*1

/311

JAN
21

0.0

90.9

84.*7

Fe,
22

99.*

MAR
23

2S.0

99.3

99.*4

APR
24

24.*0

10

0. 5263

9

0. 4737

63.*6

0.2S00

0

91. 2e 98.2 c /98.2' 98. 20 98.
26 7 4 3

.2203 0.3684 0.0000: 0.4206 0.7500

99.6 99.3 8.6 \79.4 89.6

997 99.8 8 .6 9; 9.6

63.6
19

0.5750

14

0. 4242

78.3

BO- k

0

0.0000

I

1.0000

5

0.4167

7

0. 5833

74.9 02.5 1 .$.

78.4 85.4

I.$. 1.3.



410 Appendix .V0 8ble 7-12 (revised)
Continued.

2+
Acle in R!on~h

initial mortality(s)

La tont
Live Catogory

Xumaber live
Proportion of
impingement live

Dara;ej Cateory

Proportioni of
Vap1ngement damaged

W'elighted Latent

KAY jugn JuL. AUG
%& -VV -i

SEP' OCT 40V
29 30 31

0.0 70.0

DEC
32

0.0

JAN FE3 AR ASPR
33_ 34 3S 36

8.7 19.225.0

2

0.2222

7

0.7770

L

1.0000

3

1.0000

I

0.5000

IL

0.5238

to

0.4762

7

0.3333

14

0.4666

.0 0 1

0.0000 0.0000 0.5060

3.3.

I * S.

:. S. Z. S.

3.8. I.S.

3+ KAY
Ago In 4anths* 37

Initici Imortality(l) 7.1

La tent.
LivJe Categor

!C.%1LtrSr live 2
Propartion of
impinje-mnt live 0.1538

b-ramagi C'~te ory
Aartatity (1)

Proportion of
vmpirnge-mert danaage4 0.8462

tWeightae4 Latent

Total Mortality (1) 1.3.

JUN JUL AIX) , SEP
30 39 40 41

OCT Nov
42 43

0.0

Dec JAN~ FEV VAX APR
44 4S 46 47 49

0.0 0.0

2

0

0.0000

3 0

0.750a 0..0000

0.2500 1.0~000

I.$. Z:.

1.5. 1.S.

1.5.

3.8.



Appendix Vt. Table 7-12 (revised),,
Continued.

44 and older
Age in Months*

*MAY JUN JUL AUG Sep OCT NOV Dec JAN Ml MAR APR
49+ 49+ 49+ 49+ 49# 49+ 49+ 49+4 49+ 494 494 49+

Initial MOrtalitytlI 4S.8

Lat~nt
Live Category

!:tr*er tive 2
Proportion of
Inpingernent l~ive 0.1339

0.0 0.0 0.0 0.0 2L.4
D

0

0.0000

A1 0

0.1942 0.16101.0000 .0.0000

VDa~ueJ Category

Nunber do-aaged
prop.-rtion of
Impingerient damaged

Weighited Letent
m4ortality (s)

Total Mortality(%)

11 2

0.8462 1.0000

0 4 0 34

0.0000 1.0000 0.9159 0.6192

14. ..
I.5.

1.6.

*Assuming May I birthday.
a Assumed mortality from live March (Appendis Vt. Table 7-10).
b Aassumed mortality from live November & Dlecember (Appoandi VI, Table 7-10).
c Aaatuue5 mortality from damaged March & April (Appendix Vt. Table 7-10).
I.S. - Insufficienlt sample all*.



~Y.

Table 7-14
Mont~hly initial, latenzt and total moitality of pooled age bay anchovy

taken to Sale. Impingement samples, 1977-82.

0

JAN 726 KAS AM HAT ~irn JUL AEiC La' IN~W ?r AVtCaV~V
JUN JUL AM UP OCT NOV her A qM% a r-W

Initial thriality(Z) 39.3 1.S. 52.1 3 5.0 35.6 42.9 51.8 44.3 29.0 .".1 21.1 21.3- 40.0

Lateat I
Live Category

Number live 4
proportion of 0.4353
impinged live

Damaged Category
NortSlty(l) $4.6
Ounuar damaged 13
Ipropore 1.. of 0.7647
impinged damaged

Weighted Latent 91.5

Hortality~l)

Total MortalityCt) - 94.9

2

3

0 25
0.3676

94.63
5 43

0.6324

111.52
5,612

0.1841

95.3
4,136

0.41,59

7t1.6
16,593
0.6863

96.5
8.498

0.3137

. "5.A
22.363

65.7
15,302

60.5
5.621

0.9474

66.3
123

0.0526

61.0
4'"s5

0.9594

210
0.0406

11.11
6,458

0.96313

100.0
401

0.0565

67.5
2,419

04.611

337
0. 1223

34
0.3542

62
0.*6656

61,196

Ij

13 9.3 61.2 79.5 MI1 66.6 30.8 $1.& 73.4 70.8 90.0 63.9

1.. 95. 1 91.1 66.6 93.5 93.6 69.3 66.9 16.1 77.0 92.1 W0.4

I ased no survival teat results.
2 Average five category latent mortality.
3Average damaged category latent mortality.

I.11. - Insufficient sample six@.



AMERICAN~ SHRO (ALOSA SAPIDISSIMA):
A SYNTHESIS OF INFORMATION ON NATURAL HISTORY,

WITH REFERENCE TO OCCURRENCE IN THE DELAWARE RIVER AND ESTUARY
AND INVOLVEMENT WITH THE SALEM GENERATING STATION

SALEM GENERATING STATION
316(b) DEMONSTRATION

APPENDIX III

NPDES Permit No. NJ0005622
NRC Operating Licensing DPR-70 & DPR-75
NRC Docket Numbers 50-272 & 50-311

Public Service Electric and Gas 'Company
80 Park Pl.ats
Newark. N.J. 07101

May 1984
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Table 7-6 t %raeb
American shad impingemient ro!t-,t.~y() aeb

age (Hay 1977-December 1981).

month

3 .h' I" er A API RAT ,TOTAL
JuN JLl. AM. our W9

04
Age In moothso

%nit l8l

4ippet 951 C.t.
Lower 951 Cd.I

Latent1

"can
Upper 131 C. I

-Lower 952 C.I.

local
Mean
upper 9152 C.d. 2
.Lover 952 C.1.

Ag o inmushea

Initial

Lover 932 Cd..

La tent
1I

Uppeir 951 Cd.I
Lower 952 C.1.

Total
Nean
upper 952.I
Lower 915 CA.

I I I A S 6 1 Is 9 10 12

20.0 4.2
46.1 13.8

4.1 0.5

31.1 11.4
61.5 29.9
10.1 8.0

11.3
35.7

1.5

13.3

0.0 20.2 0.0 12.4
16.9 21.8 100.0 17.1
0.0 11.7 0.0 7.8

40.0 61.2 22.2 33.5
6%.0 72.1 100.0 45.6
19.1 49.5 0.0 31.1

40.0 69.1 22.2 46.1
61.5 76.9 100.0 53.2
19.5 59.2 0.0 39.1

46.7 20.8 23.5
71.9 32.3 43.7
21.4 9.3 3.4

-JI

33 14 13 16 17 is 19 20 21 22 23 21,

.100.0
100.0

0.0

0.0
100.0

0.0

100.0
100.0

0.0

100.0
100.0

0.0

28.6 0.0 21.1
100.0 100.0 59.)

0.0 0.0 6.1

100.0 100.0 100.0
100.0 100.0 100.0

0.0 0.0 0.0

100.0 100.0 100.0
100.0 100.0 £00.0

.0.0 0.0 0.0
100.0
100.0

0.0

Total moetattty fretarojeftelty test smog aes* 5. 6. 7. 10. It. and 12 sooth. x 2 -35.";~ dr-Si pj0.01

Total mortality hatewogetmeity teat among #,Ses S. 6. 7. 10. a@'A 12 months 145.df-4s not aigelficoot

t
gutiaatei from damaged category.

2APPrOaIaeIS confidence ItatrVal.

*AssmtweI June I birthday.



ALEWIPE (ALOSA PSEUDOHARENGUS): A SYWTHESIS Or
INFORMATION 'ON 4A-TURAL 'HISTORY, WITH REFERENCE TO
OCCURRENCE IN THE DELAWARE RIVER AND ESTUARY AND
INVOLVEMENT WITH THE SALEM NUCLEAR GENERATING STAT IC'

SALEM NUCLEAR GENERATING STATION
316 (b) DEMONSTRATION

APPENDIX

NPDES Permit No. NJ00,05622
NRC Operating Licensing DPR-70 a DPR-75
MWC Docket Numbers 50-272 & 50.m311

LDA TF.

Public Service Electric and Gas Company
80 Park Plaza
Newarkp N.J. 07101

4 October 1982



Table 7-4
A~lewife age composition in Salem impingement amls1977-1981.

mouth@

Age to Months"

1977
1978

AYR H&T JU Jull. AN~ NzI

2 3 4 5 6

151 95 2 3-. 1

OCT MiY W JAN

7 8 9 10

2
4 23

7 69 1
6 5 2 .1

13 70 35 8

26 148 68 1

113

11

3

I

4

HAl

12

40
27
113

tooTotal

1+
Ago In Youtha'

1977
1978
1979
1980
1992.

Total

2+
Ag. to MN*th.O

1977
1976
1979
1980
1981.

Total

3+ and 0lder
Age Is Weath.0

W?7
1978
1919
1980
1961

Total

13 14 13 16 17 is i9 20 21 22 23 24

13

66

7

28 0 0 1

I 7.

3

a 22

25 16 27 is Is 5

2
10

is
3

31 31 $3 34 35 36

2 S 0 0 a 0

374 37+ 37+ 37+ 37+ 37+374 37+ 37+ 37+ 31+ 374

I

S 9

1392 93 3 4 2 '174 75 2 4 2M87 rCrand Total 86

percentage C+ 0
percentage 1+ . 76.7
Tarcantmge .2+ 17.4
percmntage 3+ 5.8

and older

*Assuming April I birthday.

97.4 100.0 66.1 73.0 50.0
1.8 0 a 25.0 50.0
0.3 - 0 0 0
0.6 0 33.3 0 0

63.0 85.1 90.7 50.0 100.0
27.3 15.3 3.3 30.0 0
5.0 0 0 0 a
0 0 0 0 0

86.5
10.6
0
2.9



r,'I".

'p

Table 7-6
Number and percentage mortality by age of alewife

impingement samples, 1977-1981.
taken in Salem

0+

NUMBER
Live

Apr May Jun Jul Aug Sep Oct Nov bee Jan rob Mar
1 2 3 4j, 5 6 7 8 9 10 11 1

1977
197B
1979
1980
1981

Total.

4

854 57 1 3

* 862 58 1 1 a 13

3
45

2
13

63

16
1

12

29

20
9
12

0 a. 41

Dead 1977
1978
1979
1980
1981

I I I 2
1 1

2
242 21

130

3 1 5

17 4 0 1 14Total 244 21 1 1 1

Damaged 1977
1978
1979
1980
1991

Total

MORTALMT (S)

initial
Mean
Upper 950 C.!.
Lover 95% C.!.:-

Latent
Mean
Upper 95% C.!.
Lower 95% C.I.

Total
Mean
Upper 95% C.!.
Lower 959 C.!.

'2 18
2
3

S

2
5269

269

I
I

1
12
S
B

1 0 0 0 2 24 ' 15 I I 2B

17.8
19.*
15.*7

23.2t
26.*3
21.3

37.3
39.*9
34.*

26.*3
35.9
16.6

1.7
9.0
0.0

27.*5
37.*3
17.7.

30.0
0.2

1.8. 1.8 2.. 13.3
40.5
1.7

1.5. 1.8. 1.8. 18.8
37.*9
000

7.5
14.*2
3.1

27.5
37.*0
18.2

33.*0
42.5
23.S

8.3
19.*2

2.4

34.*1
48.1
20.*1

39.6
53.4
25.8

1.8. 1.S. 16.9
25.6

9.S

14. .. 40.6
52.2
29.*0

1.6. 1.6. 50.6
61.4
39.9

I .S. - insufficient sample size.



Table 7-6
C6ntinued

1+

Apr Kay
13 14

Jun Jul Aug Sep Oct Nov Dec Jan rob Mar
I5 -16 17 Is 1s 20 21 22 23 24a NUMBER

31977
1973
1979
1980
1981

Total

17
17

4

2
9

4 10
4

3

29 11 0 4 Is 4 0

Dead 1977
1978
1979
1980
1981

Total

Damaged 1977
1978
1979
1980-
1981

- Total

MORTALITY (1)

initial
mean
Upper 95% C.I.
Lower 95% Co.;'

Latent
Mean
Upper 95% C.I.
Lower 95% C.I.

.Total
Mean
Upper 95% C.I.
Lower 95% C.I.

3
7
4

2
1 2

- - , 1

0 114 2 I I 2 0 1

-1
8

3
3
7
3

2
2
4

0 2 10 3 013 6

2

4

lose25.*0
37.9
14.*S

31.*0
44.*7
18.2

48.*2
61.*3
35.1

10.5
32.0
1.3

35.3
59.*8
14.4

42.1
64.3
19.9

1.8. 1.5. 7.4
24.*1
0.9

1.5. log. 40.0
61.*3
21.*1

3.8. log. 44.4
-63.2
25.7

l.8. - .$.

3.8. 3.8..

1.0. .8

3.5.

lo..

I.S. - Insufficient sample size.
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Table 7-6
Continued

3+ and
cider2+

NZUMBER
Live

Apr may
25 26

Jun Jul Aug Sep
27 28 29 ~-30

Oct Nov Dec Jan Tob Hat
31 32 33 34 35 36

Apr Total
37+

1977
1978
1979
*1980
1981

Total

1 I
I

1

2 11391 I 0

-Dead 1977
1973
1979
19860
1981

Total

Damaged 1977
1971
1979
1980
1981

Total

MORTALITY (1)

initial
Mean
Upper 953 Call
Lower 95% C.I.
La tent
Mean
Upper 95% Ca..
Lower 952 C.I.

Total
Mean
Upper 951 C.!.
Lower 953 C.!.

I

I
1

2

2

12 0

0 320

1

1

I

7

lose

400

17.*2
18.*9
15.5

26.*0
28.*2
23.8

I .5.

1.5. I.IE.s 1.8. 1.5. 38.7
40.9
36.*5

I.*S. a Insufficient sample size.
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Table 7-7

Alewife monthly total mortality with monthly mean temperature, salinity
detritus and number pumps in service, at Salem, 1977-1981.

TEAR PNOST" AG!14 TOTAL
exDiONIS) ALEWjIFE

WPINGED
(41uSURED)

MURDER oq&"
LIVE FORD

LIN'TH
(1400

VATER
TERqp.

CC)

SALZINITT DITRITUS
(PPY) (Gains PER

100 CUM (
PIVE aS)

PEAR no0.
PUMPS in
SER VICE

T~tAL
HORIILITT

LOGIT.
TOTALS

%OQTAkL TT

1911

SUNw

1979

JUL

"us
S IF
DEC

6
9 2

0
0
0

0

833 27.4
93 27.1
as 23.3
703 4.1

9.1
'.9
9.'
2.1

as.2
46.2
54.1

141.9

S.,
5.3
3.3
S.3

1.0000
1.000.3
1.0000
1.0901)

7.6915
7.e0ts
7.*60114
7. 6131

NOV.!C
F I
APR
NOV
V IC
JUL

13
20
21
37

OCT
NO V

PAR

A 'R
OCT

IRAN

19

20
24
25
31
37

4

23

7

419

3
16

0
1
0
4
a

24

4
45

1
20

1.
4

10
3
1
0
I

90

9&
96
so
93

161
133
241

SUN"

1980

104
'93
6S
96
92

1"9
153
169
165
193
264

33
43
73
6S
91
98

113
101
106
127

12.4
6.3

.9
11.5
12.4

6.3
25.6

16.3
12.7

10.9
16.3
12.7
7.5

10.9
16.3
7.3

13.9
23.1
'7.7
16.3
9.3
3.6
2.7
4.2

11.9
13.9

IO *2
6.6
, .3
3.7

10.2
4.6
1.6

I-I
ab

00.4
63.9

107.9
400.7
90.4
63.9

131.6

2.7
5.6
5.6
1.0
2.7
5.6
4.1

.2 300

.3603
1.000)
0.0
1.01100

.4?e6
1.0000

3.2
4.5
4.0
1.3
3.'
3.2
4.'
1.3
3.9
3.2
1.3

56.9
149.4
116.4
1 52.3
34.'
56.9

149.4
132.3
34.5
36.9

1#12.3

2.0
2.1
2.5

5.8
Z. 3
2.0
5.,

.4256

.3204
0.0

.4172

.5 171

.4284
.4737
.4-100
.SO00

1.01000
.3090

-. 2974
-. 7141

-7.6014

1.73a1
-. 2E74

-. 5749

PAT
JUNM
AUG
OCT
NoV

MAN

APR
may

2
3
S
7

10

13
14

10

31

6

3.3
7.0
9.7

11.9
12.6
12.0

S3.
8.3
I.6
3.5

49.4
3?2.2
1S.4
25.5
33.5
4.5.

116.1
179.5
96.7
49.4

5.8
5.6
7.0
1.3
1.0
2.4
S.5
5.7
5.5
53.

.2003
0.0
0.0
0.A

.61300
1.0000
1.0 000

.5000

.4316

.6667

-1.31149

~.6924

* 37 0 AGE 37 MON7HS OR OLDER



Table 7-7
Continued

YEAR MONTH Ac*5 I TOTAL
(MNotHS) ALEWIFE

IP1PINCED
(015090RS)

NUMBER ME am
LIVE FORK

LENGTH
(MM )

1930

son

.1931

SUN

WAiTER
TEMP.

cc)

9.3
2.?
4.2

11.9
13.9

SALINITT DETRITUS
(PPT) (GRAMS PER

100 CUBIC
METERS)

MEAN 00.
Pumps IN
SERVICE

1.0
5.1
S.?
3.3
5..

TOTAL -LOST?
MORTALITY TOTAL

MORTALIT

NOY
JAN

AR4

20
22
24
25
26

pay

OCT
NOV
DEC
p; I
APR

SEP

MAR
A PR
"AT
A PR
PAT

4

13

74
18

120

14

20

26
37
37

4

10

99

136
79
II
25

13

IM

*4
0

sI

14
138
141
176
169

IS .6
S.,
3.3
1.6
3.5

33.3
116.1
179.8

96.7
49.4

133

12

13z

10
9
0
I
a
0
0
0
1

'73

35

971

SIs
100

159

171
163
266
261

24.*2
26.6
14.9
10.9

4.7
3.9

12.3

17.5
22.*4
10.9
5.9

12.3
17.5
12.3
17.5

7O.2

11.1

10.7
9.,
7.5
7.2
9.,

11.2

7.2
7.S
7.?

73.1
64.6
'3.7
32.1
30.*2
26.6
72.8
73.6
75.1
30.4
30.2
72.3
73.6
75.1
73.6
73.1

6.0
4.,
3.7
8.1
3.a
9.3
'.5
1.6
6.0
7.9
3.'
4.3
1.6
6.0
1.6
6.0

0.0
1.0000

15003
i1.0000
0.0

.3744

.2y33
0.0

.3303

.3333

.3 200

.411!

.3077
1.1O9
0.0
¶ * 0003
1.0001)
1.0)000
1.01300

.8571

-. 1130
-. 9309

-7.63i14
-7.6714

?.631S

-7.6131S

1.?383

-7.63147.6315
-.0700
7-~,15

-7.0014

-J
'-a
U'.

& S7 a AGE 37 MONTHS OR COT!j
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TABLE 4-7 SUMMARY OF INITIAL SURVIVAL OF FISHES FROM IMPINGEMENT COLLECTIONS AT THE DANSKAMMER
POINT PLANT IN THE FALL, 15 SEPTEMBER - 15 NOVEMBER 1979

Species

White perch

Blueback herring

Tessellated darter

Alewife

Largemiouth bass

American shad

Redbreast sunfish

Pumpkinseed

Spottall shiner'

1.1festage

"DY
YRL
ADL

Y0Y
YRL

YOY

YRL

AOL

YOY

AOL

Y0Y
YRL
ADL

"YO
AOL

Standard
Continuous

Wash

280 0.961
30 1.000
13 1.00

103 0.748
1 1.00

0 --

64 0.922

2 0.500

0 --

21 0.905

o0 -

a 1.00
0 --

1 1.00

1 1.00
5 0.800

Screen

2-hr hold

346 0.951
29 1.000
21 0.952

117 0.265
1 1.00

0 -

67 0.552

4 1.00

0 -

26 0.500

0 -

10 0.900
1 1.00
3 0.667

0 -

12 0.917

Modified
Continuous

Wash

48 0.917
4 1.00
1 1.00

21 0.429
0 -

0 -

33 0.818

3 1.00

0 -

61 0.833

1 1.00

3 1.00
0 -

0 -

1 0.00
2 0.500

Screen

2-hr Hold

211 0.900
26 1.000
11 1.00

56 0.286
1 0.00

1 0.00

48 0.438
2 0.500

2 1.00

21 0.571

0 -

5 1.00
1 1.00
2 1.00

0 --

3 1.00

(a) YOY = young of the year; YRL - yearling; and AOL - adult.
Ps n Proportion alive initially.

Note: Dashes indicate no data.

i



TABLE 4-7 (CONT-)

Species

Gol df ish

White catfish

Unidentified herring

Gizzard shad

Rainbow meelt

Yellow perch

IHogchocker

Golden shiner

American eel

Li festage

YOY

YTo
TYRI
AOL

Yoy

Toy
YRL

AOL

ADL

Yoy
YRI
AOL

YRL

Yoy
AOL

YOY
ADL
YRI

Toy
TRL
AOL

Standard
Continuous

Wfa sh
No. Ps

0 -

3 1.00
1 1.00
1 1.00

o0 -

2 1:00
0 -

2 1.00

o0 -

Screen

2-hr Hold
No. Ps

1 1.00

7 1.00
2 1.00
0 -

1 0.00

o0 -

0 -

1 1.00

1 1.00

o0 -

0 -

0 -

2 1.00

1 1.00
0 -

2 1.00
0 -

3 0.667

2 1.00
0 -

3 1.00

Modi f ied
Continuous

Wash
NO. Ps

0 -

0 -

1 1.00
1 1.00

0 -

1 1.00
1 1.00

2 1.00

0 -

0 -

0 -

0 -

0 -

0 -

1 1.00
0 -

0 -

0 -

0 -

1 1.00
1 1.00

Screen

2-hr Hold

NO. Ps
0 --

2 1.00
0 --

1 1.00

0 -

2 1.00
1 0.00
0 -

0 -

0 -

0 -

1 1.00

.0

2 1.00
1 1.00

1 1.00
2 1.00
0 -

0 -

0 -

0 -

1.00
1.00

j

1
0

0

0
1

0
0
0

0
0
0

1.00

Striped bass

Brown bullhead
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TABLE 4*-7 (CONT.)

Species

Atlantic tomcod

Banded killifish

Bluegill-sunfish

Lifestage

-YRL

AOL

MYo
ADL

Standard
Continuous
.Wash

No. Ps

.1 1.00

11 1.00

1 1.00
0 --

Screen

2-hr Hol d

'No. Is
0 -

0 -

- 1 1.00
2' 1.00

Mod if fled
Continuous

Wash
No. PS

0 --

0' -

0 -

1 1.00

Screen

2-hr Hol d

No. PS
0 -

0 -

'-0 -

.0



TABLE 4-8 SUMMARY OF INITIAL. SURVIVAL OF FISHES FROM IMiPINGEMENT COLLECTIONS AT THE DANSKAMMER

POINT PLANT IN THE WINTER, 13 JANUARY - 15 FEBRUARY 1980

Standard Screen Modified Screen
Continuous

Species

Atlantic tomncod

White perch

Pwnpki oseed

Spottall shiner

Banded killifish

Carp

Golden shiner

Largemnouth bass

LI festage

ADL

YRL
ADL

YRL
ADL

YRL
AOL

ADL

YRL
ADL

YRL
AOL

YR I
AOL

YRL
ADL

continuous
Wash

No.' Ps

52 0.827

36 0.889
3 1.00

11 1.00

17 0.875

2 0.500
8 0.750

6 1.00

4 1.00
1 1.00

1 1.00
4 1.00

3 1.00
0 -

2 1.00
3 1.00

2-hr Hold
No. PS

50 0.840

20 0.800
6 1.00

12 1.00
12 0.833

1 1.00
10- 0.900

5 0.800

4 1.00

1 1.00

0 -

5 0.800

5 1.00
0 -

2 1.00
0 -

30 0.967

18 0.944
2 1.00

9 1.00
8 0.815

4 0.500
18 1.00

2 1.00

4 0
2 1.00

No. PS

5. 1.00

6 0.833
O0-

2 1.00
7 1.00

1 1.00
6 1.00

2 1.00

1 1.00

1 1.00

0 -

2 1.00

-- 0

0
3

2

1.*00

1.00
1.00

0
1.00

J1

Gizzard shad 3 1.00

Ta) YOY young of the year; YRL = yearling;
Ps Proportion alive initially.

Note: Dashes indicate no data.

and AOL =adult.



TABLE 4-8 (CONT.)

Standard Screen Modified Screen
Continfu ou s

Species

Yellow perch

Goldfish

Striped bass

Bluegill sunfish

White catfish

Brown bullhead

Rainbow waelt

Li festage

YRL

YRL
ADL

YRL
ADI

YRL
ADL

YRL

ADI

ADL

Continuous
Wash

2 * 0.500

2 1.00
2 1.00

0 -

1 1.00

0 -

1 1.00

0 -

2-hr Hol d

No. Ps

2 1.00
2 1.00

1 1.00
0 -

2 1.00
2 0.500

0 -

No. PS

1 1.00

0 -

3 1.00

2-hr Hold

0 -

0 -

1 1.00

2 1.00

U -

2 1.00

2 1.00

1 1.00

1 1.00

0

0

0

1.00

1.00
1.00

0

0

0

0

A



0
TABLE 4-9 SUM14ARY OF INITIAL SURVIVAL OF FISHES FROM IMPINGEMENT COLLECTIONS AT THE DANSKAMMER

POINT PLANT IN THE SPRING. 6 APRIL - 22 MAY 1980

Standard Screen Modified Screen

-Species Li fest age

Continruous
Wash

No., Ps

160 0.988
213 0.991

2-hr Hold
NO. Ps

87 0.908
321 0.984

Continuous
Wash

No. Ps
2-hr Hold

NO. Ps

White perch

Spottail shiner

Tessellated darter

Yellow perch

American eel

American shad

Rainbow smelt

Golden shiner

Bluegill sunfis'h

YRL
ADL

YRL
AOL

YRL
ADL

YRL
ADL-

YRL

AOL

AOL

YRL
AOL

61 0.984
216 0.981

25.
84

1.00
0.940

24
27

0
10

0.958
0.963

1.00

1.00

1 .00
1.00

5
71

1
4

4
11

2
4

1 .000
0.958

1 .00
1.00

2
0

2
5

1 .00
0.909

1.00
1.00

4
53

0
5

4
5

4
1

2-

1.00
1.00

1.00

1.00
1.00

0.7 50
1.00

0
0

8

2
0

0

0
22 1.00

1.*00
1.00

1.00

4 1.00 4 1.00

8 1.00

.1.00

0

0
1

5 1.00 4 1.00

1.*00
1
5

1 .00.
1.00

0
3 1.00

1
0

1.00

AOL 2 1.00 3 1.00 1 1.00 1 1.00

(a) YOY= young of the year; TRI = yearling;
Ps =Proportion alive initially.

Note: Dashes indicate no-data.

and ADI = adult.
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TABLE 4-9 (CONT.)

Standard Screen Modified Screen
Continuous

Wash
No. Ps

2-hr Hold
No. Ps

Continuous
Wash

NO. Ps
2-hr Hold

NO. PsSpecies Li festage

Al ewi fe

Gol dftish

Pumpki nseed

Atlantic tomcod

Threespine stickleback

YfRL
ADI

YRL
ADL

YRL
AOL

YOY
YRL
ADL

YRL
ADL

AOL

YRL
ADL

YRL
AOL

11
0

1
0

3
1

2
0
0

1.00

1.00

1.00
1.00

1.00

1.00

3
4

3
0

2

0
0
.2

1
0

O0.333
0.500

1.00

1.00
0.500

1.00

0

0
1

0
'0

0

0

0
0

0

0

0

1.00

1.00
1.00

1

0
0

0

0

0

0

0

1

1.00
1.00

0
1.*00

Black crappie

Hogchock er

White catfish

Striped bass

0
1

0

0
0

0
0

0

1 1.00

0

0

I .00

1.00

1.00
1.00

1.00

/

0
0

0

0

I
0

0

0

AOL 1 1.00

Fourspine stickleback AOL 1 1.00 0



TABLE 4-9 (CONT.)

Species

Brown bullhead

Redbreast sunfish

Banded killifish

Lifestage

YRL
ADL

ADL

AIJL

Standard
Continuous

W~ash

0 -

1 1.00~

Screen

2-hr Hold

No. Ps

0 -

0 -

Modified Screen
Continuous

Wash 2-hr Hold
NO. Ps No. Ps

1 1.00 0 -

1 1.00 0. -

0

0

0 0

0

1

I

1 .00

1.*00



0
TABLE 4-10 SUMMARY OF INITIAL SURVIVAL OF FISHES FRON IMPINGEMENT COLLECTIONS AT THE DANSKAI4MER POINT

PLANT IN THE FALL, 16 SEPTEMBER TO.28 DECEMBER 1980

Standard Screen Modified Screen
ContinuousConti nuous

Wash
Species

White perch

Alewife

Blueback herring

American shad

Gizzard shad

Bay anchovy

Li festage
2-hr Hold

No. Ps
Wash

NO. Ps
-2-hr Hold

No. Ps

Y0Y
YRL
AOL

yYO
YRL
ADL

YOY
YRL
ADL

YOY
ADL

'rOY
V RI
AOL

YOY
YRL

YOY

187
53
41

68
14
1

53
1
0

0.952
1.00
1.00

0.735
0.851
1.00

0.868
1.*00

0.7 14
0

0.984
1.00
1.00

0.11il
0

556
95
135

276
9
3

264
6
1

236
1

187
36

112

74
14

0.860
0.958
0.941

0.192
0.444
0.667

0.216
0.167
1.00

0.314
0

0.947
0.917
1.00

0.027
0

317
76
40

77
12
3

21
2

0

31
0

56
21
s0

22
0

0.981.
0.974
0.925

0.675
0.917
0.667

0.810
1.*00

0.613

0.982
1.00
1.00

0.136

254
32
72

174
10
0

165
6
0

85
0

51
33
36

37
13

0.937
0.969
0.931

0.190
0.200

0.188

0.500

0.200

0.961
0.909
0.972

0
0

0.333

7
1

63
8
29

9
2

Weakfi sh 27 0.778 46 0.326 19 0.895 42

!a) YOY =young of the year; YRI - yearling; and AOL = adult.
Ps = Proportion alive Initially.

Note:- Dashes indicate no data.



TABLE 4-10 (CONT.)

Standard Screen Modified Screen
Continuous

Wash
No. PS

2-hr Hold
No. PS

Continuous
Wash

No. Ps
2-hr Hold

-No. PSSpecies

Pumpki nseed

Li festage

Y0Y
YRL
AOL

8
0
2

Striped bass

White catfish

Spottail shiner

Hogchocker

Brown bullhead

YOY
YRL
AOL

YOY
YRL
AOL

YOY
YRL

YOY
YRL
AOL

yYO
YRL
AOL

yoy
YRL
AOL

yYO
YRL
AOL

21
3
2

5
0
1

0
12

0.875

1.00

1.00
1.00
1.00

1.00

1.00

1.00

1.00
1.00

1.*00

1.00

1.00

1.00

1.00
1.00
1.00

44
4
22

29
6
5

29
2
5

4
25

1
23
1

10
0
0

2
0
8

2
1
8.

0.818
1.00
I .00

0.759
0.833
1.00

0.931
1.00
1.*00

0.250
0.800

1.00
1.00
1.00

1.00

1.00

1.00

0.500
0
1.00

25
2
0

3
3
0

4
0
2

2
0

2

2

5

17
3
0

10
3
1

2
14

10
10
0

4
3
1

0
0
2

2
0
7

0.920
1.00

1.00
1.*00

1.00
1.00
1.00'

0.500
0.857

1.00
1.00

1.00
1.00
1.00

1.*00

1.00

1.00

21
3
3

13
6
4

3
2
4

0
5

2
12
1

1
2
0

0
1
0

3
0
11

0.846
1.*00
0.500

1.00
1.00
1.00

0.*800

1.00
1.00
1.00

1.00
1.00

1.00

0

1.00

1.00
1.00
1.00

J1
Goldfish

Atlantic tomcod



TABLE 4-10 (CONT.)

Species

Golden shiner

Li fest age

YOY
YRL
AOL

Standard Screen
Continuous

Wash 2-hr Hold
No. Ps No. Ps

0 -- -1 1.00
1 1.00 1 1.00
4 -1.00 4 1.00

Continuous
Wash

No. Ps

0 -

1 1.00
1 1.00

Mod if led Screen

2-hr Hold
No. Ps

0 -

3 1.00
.3 1.00

Yellow perch

Sinailmouth bass

Banded killifish

American eel

Carp

Channel catfish,

Largemouth bass

Rainbow smelt

YOY

YRL
AOL

Y0Y
YRL

YOY
YRL
AOL

Y0Y
YRL
AOL

AOL

YOY
YOY
AOL

YRL
YOY

1 1.00

1
5

0
0

0
0
0

1,
0
0

0

.0

0
0

1.00
1.00

1.600

1.00

1.*00

1
2

2
0

2
0
0

0

1 .00
1.00

1.00

1.00

1.00
1.00

2 1.00 0

0
0

0
0

0
0

I
1
1

0

1.00
1.00
1.00

0

0
3

2

0
0
3

0

0

0
0

0
1

1.00

1.00
1.00

1.00
1.00
1.00

0.667

1 1.00

1 1.00

0

1.00
1.00

0
0

0

0

0
0

0
0

0

1.00

Bluegill sunfish YRL 1 1.00 0
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TABLE 4-10 (CONT.)

Standard Screen
Continuous

Wash 2-hr Hold-
No. -Ps ýNo. Ps

15 0.867 L 0

Modified Screen

Spec ies

Bl uef ish

Fourspi ne
stickl eback

Li festage

YOY

.Continuous
Wash

NO. Ps

1 0

2-hr Hold
No. Ps

1 0

YRL 0 0 1 1.00 0

It
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TABLE 4-11 PERCENTAGE SURVIVAL OF IMPINGED WHITE PERCH COLLECTED AT STANDARD AND 140DIFIED TRAVELING SCREENS
AT THE DANSKAMHER POINT PLANT________ _______ ______

Time of Observation

Sampl ing
Per Iod

Li fe(a
Stage(a

Fal 1
1919

IYOY

Winter
1980

YRL

Screenwash
-Mode

Continuous

2-hr hold

Continuous

2-hr hold

Continuous

2-hr hold

.Continuous

2-hr hold

Screen
'Type.

Standa rd
Modified

Standard
Mod ifled

Standard
Modified

Standard
Modified

Standard
Modified

Standard
Modified

Standardl
Modified

Standard
Modified

280
48

346
211

36
18

20
6

96.1
91.7

95.1
90. 1*

88.9
94.4

.80.0
83.3

99.1
98.1

98.4
94.O*

98.8
98.4

90.8
100.0

Initial
Percenta-ge

NO. Survival No.

269
44

329
190

32
17

16
5

211
212

316
79

158
60

79
25

84-hour1 b
Percentage
Survival

89.6
72.7*

23.7
5.8*

28.1
58.8

6.3
80.0

Spr ing
1980

ADL 213
916)

321
84

160
61

87
25

90.5
67.9*

23.1
304.4

12.7
16.0

YRL

(a) YOY young of the year; YRL = yearling; and AOL a adult.
(b) Lonrialized data..
Note: * indicates that a significant ( =0.05) difference between survival proportions for the two scresfl

types was detected.
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TABLE 4-11 (CONT.)-

Time of Observation

Samp i ng
Period

Li fe
Stage (a)

Fall
1980

YOY

Screenwash
Mode

Cont inuous

2-hr hold

Screen
lype

Standard
Modified

Standard
Mod ified

187
317

556
254

95.2
98.1

86.0
93.7*

178
311

478
238

82.0
43. 1*

16.7
16.0

Initial
Percentage

No. Survival

84-hour(b)
Percentage

No. Survival
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TABLE 4-12 PERCENTAGE SURVIVAL OF OTHER ABUNDANT TAXA COLLECTED FROM STANDARD AND MODIFIED TRAVELING

SCREENS AT THE DANSKAMMER POINT PLANT

Time of Observation

Species
Life
Stage

Sampl ing
Period

Screenwash
Mode'

ContinuousHerrings YOY Fall1
1919

Fall1
1980

2-hour hold

Continuous

2-hour hold

Continuous

2-hour hold

Conti nuous

Screen
Type

Standard
Modi f ied

Standard
Modified

Standard
Mod if ied

,Standard
Modified

Standard
Mod ified

Standard
Modified

Standard
tiodif l ed

Standard
Modified

Initial
Percentage
SurvivalNO.

190
61

211
127

191.
185

962
475

82.*6
68.9

38.4
40.2

85.3
11.3*

37.4
27.4*

82.7
96.7*

84.0
100

96.3
100

95.8
100

No.

167
42

81
51

163
143

360
130

43
29

42
5

26
53

68
22

1.9
0

Atlantic
tomcod

84-hour' (b)
Percentage
Survival

AOL Winter
1980

52Z
30

50
5

27
53

71
22

0
0

21.5
8.4

0.6
0.

60.5
86.2

71.4
80.0

100
98.1

60.3
54.5

Spottall
shiner

AOL Spri ng
1980

2-hour hold

-(a) YOY = young of the yeari; AOL = adult.
(b) Normalized data.
Note: * Indicates that a significant (a-0.05) difference between survival proportions for the two screen

types was detected.



-TABLE 4-13 TABLE4-13PERCENTAGE SURVIVAL -FOR FISHES SERVING AS CONTROLS AT THE DANSKAMMER POINT PLANT

Time of Observation

Sampl Ing
Period-

Li fe(a)
.Stage

Fall1
1979

Species

White
Perch

Herrings

.Atlantic
tomcod

White
Perch

White
Perch

Winter
1980

Spring
1980

YOY

YOY

AOL

YRL

YRI

ADL

AOL

YOY

YOY

Screenwash
14ode

Continuous
2-hr hold

Continuous
2-hr hold

Continuous
2-hr hold

Continuous
2-hr hold

Continuous
2-hr hold,

Continuous
2-hr hold

Continuous
2-hr hold

Continuous
2-hr hold

Continuous
2-hr hold

145
137

118
131

89
71

44
43

Initial
Percentage
Survival

98.3
99.2

100
100

100
100

1 00
100

100
100

100
100

28
38

NO.

145
131

116
130

89
71

44
43

28
38

105
103

123
113

90
141

115
187

84-hour (b)
Percentage
Survival

100
95.6

19.8
21.5

98.9
100

93.2
86.0

96.4
84.2

100
95.1

100
100

95.6
94.3

73.9
66.*3

Fall1
1980

Spottail
shiner

White
Perch

Herrings

105
103

123
113

90
141

115
187

100
100

100
100

100
100

(a)WVOY ;young of the
(b) Normalized data.

year; YRI - yearling; and ADI - adult.

Note: * indicates that a significant (a'= 0.05) difference between survival proportions for the two screen-
wash modes was detected.
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RESULTW FALL TESTING

IMPINGEMENT SURVIVAL STUDY-
MYSTIC STATION - UNIT NO.?7

BOSTON EDISON COMPANY

SPEtCIES INITIAL INITIAL. IN1TIAL X 96-H4OUR 96 -HOUR LATENT X OVERALL X SURVIVAL.
r4AIESPEED NUM!ER LIVE NUIIER DEAD SURVIVAL tlU!,BER LIVE NUlIBER DEAD SURVIVAL IINITIAL X LATE11T)

ALCSA IAL.EHIFE * LUEBACH) 3.3 108 21 83.72 1' 107 0.93 0.78

ALCSA (ALEHIFE .BLUEBACKI 7.5 1864 33 84.79 *18'4 0.00 0.00
ALOSAt*ALEIIIFE *OLUEBACK) 15.0 145 2" 87.30 1164 0.61 0.53
.ALOA 1ALE14IFE E LL'EBAC)) IS11ALL) 3.3 a 7 53.33 1 7 12.5C 6.67
tLC;A IALEWIFE .BLUEEACK) SMALL)1 7.5 319 28 91.93 58 170 25.'44 23.39
Z4L04A (ALE-HIrFZ 6'.L'EBACV) (SALL) 15.0 '1221, 52 98.78 498 525 '18.68 '48.09

ED'JTERF1SH 3.3 1 2 0.00
CUTTERFIS'I 7.s 1 . 100.00 *10.00 0.00

&JT IERFISWY- 15.0 5 . 100.00 .5 0.00 0.00

CL7,'ER. 3.3 1 2 00.00 1-.100.00 100.00

cullNER 7.5 7 * 100.00 7 *100.00 100.00

CLf,'~ER .15.0 a 100.0D 7 1 87.50 87.50

11114TER FLOUN4DER 3.3 412 * 100.00 23 18 56.10 56.10
11iNTER FLOUNDER 7.5 26 . 100.00 24 2 92.31 92.31

iINWTER FL0UWOER 15.0 '10 2 00.00 34 6 85.00 65.00

WIWlER fL0UINUER ISI-IALL 1 3.3 24 .196.00 12 a 60.00 - 57.60
111I4TER FLOUND2ER ISFIALL) 7.5 21 . 100.00 i8 3 85.71 85.71-
WtI~ER FLOUNDER (SI IALL 1 15.0 '42 '1 91.30 38 3 92.68 64.6,.

SILVER WH1E 3.3 1 . 200.00 1 *100.00 100.00

511 IjER hLRE 7.5 2 1 - 64.67 1 1 50.00- 33.33

SILVER IIAfE 15.0 1 . 100.00 1 .100.00 100.00

IIl~?ACKEREL 3 .3 1 * 100.00 *1 0.00 00

CIIL.. ItACKE-EL 7.5- 10 3 76.92 S5 50.00 38.'46

CHUB' JIACKEREL 15.0 6 * 100.00 2 '1 33.35 33.33

ATL4UTIC llEN1QiDtj" 7.5 1 * 100.00 .1 0.Oc 0.00

IIUW'!ICHDG 3.3 6 100.00 51 83.33 83.33

Vu!*.4ICHcs 7.5 1 * 100.00 1 .100.00 100.00

1U110015.0 32 1 96.97 32 .100.00 96.97

IC1Q;HErhI PIPEUISH 7.5 .1 0.00
P-OLLOCK 7.5 7 * 100.00 1 6 14.29 -14.29

POLLCCH 15.0 1 i 0.00
AllIJrICAI SAND LANCE 3.3 2 . l00.CO 1 1 50.00 50.00

SCULP1INI LOI;3HORN *'GRUBBY) 7.S 3 . 100.00 2 1 66.67 66.67

ATLANTIC HERRING ?.5 2 . 100.00 .2 0.00 0.00

ATL4iJTIC HEPPIIG 350 1 0.00
RAIN ON SNELT 3.3 is 9 66.67 1 ; 17."56 3.70

RAIN23)4 S.'ELT 7.5 28 1 96.55 126 3.70 3.58
P~.IU-OW S"EZLT 15.0 '16 3 93.88 2 414 4.35 4.00

II0PrKERrI SEARDOIN 7.5 2 * 100.00 2 . 00.00 100.00

MHEE-S~IINE STICKLEBACI( 3.3 1 . 100.00 1 *100.00 100.00

THREE-SPIM~ STICNLEBArK 15.0 1 . 100.00 1 .100.00 100.00
TAUTOG 7.5 1 . 100.00 . 1 0.00 0.00

ATLAN~TIC W=I~0 3.3 2 1 66.67 *2 0.0c 0.00

ATLA11TIC WCIMPT 7.5 2 1 65.67 1 1 so.01 33.33

ATLANTIC T0*C'tJ 15.0 1 . 100.00 *1 0.00 0.00

I;AITE PERCH -7.5 6 . 100.00 1 5 16.67 16.67



* ITO 3
RESULTS OF H114TER TESTING

IMPINGEMENT SURVIVAL STUDY

MYSTIC STATION - UNIT NO. 7

BOSTON EDISON COMPANY

SPECIES INITIAL INITIAL INITIAL X 96-HOUR 96-HOUR LATENT Z OVERALL X SURVIVAL
NAIIE SPEED tIUIIBER LIVE HIJISER DEAD SURVIVAL MilER LIVE NU1NBER DEAD SURVIVAL (INITIAL X LATENT)

ALOSA (ALEWIE + BLUEBACHI 3.3 9 * 100.00 *9 0.00 0.00

ALOSA (AL1141T! 4 BLUEBACH) 10.0 '4 . 100.00 .4 0.00 0.00
A!.OSA IALEHIFE + ELUEOACI4I 15.0 2 1 66.67 11 50.00 33.33

H111TER FLO¶R1IDER 3.3 126 1 99.01 119 3 97.54 96.77

HIHITER FLCUr.0ER 10.0 301 . 100.00 153 .100.00 100.00

HINTER FLOUNDER 15.0 1(44 1 99.31 1142 1 99.30 98.62

POLLOCK 3.3 '4 . 100.00 1 3 25.00 25.00

POLLOCK( 10.0 3 . 00.00 *3 0.00 0.00
POLLOCK( 15.0 19 . 100.00 316 15.79 15.79

POLLOCK (SHIALL) 3.3 11 . 100.00 *10 0.00 0.00
POLLOCC (SIALL) 10.0- a 100.00 *8 0.00 0.00
POLLOCK (SHIALL) 15.0 47 1 97.92 12 30 28.57 27.98
SCULPIN (L~ffGflORII * GRUBBY) 3.3 a 1 88.89 8 .100.00 88.89
SCULPINl4 LOflGfORN + GRUBBY) 10.0 17 2 00.00 16 .100.00 100.00
SCI`LPIN lL0l*1O'IOR4 + GRUBBY) 15.0 16 * 100.00 12 .100.00 100.00

ATLAINTIC HERRING, 15.0 1 . 100.00 1 *100.00 100.00

HICKORY SHAD 3.3 1 . 100.00 .1 0.00 0.00

ATLANTIC SILVERSIDE 3.3 3 . 00.00 .3 0.00 0.00

RAMIBOUl StIELT 3.3 151 '4 97.42 2i 134 11.26 10.97

RAIr43014 SItELT 10.0 31 1 96.88 10 21 32.-L6 31.25

RAIIIECN SIIELT 15.0 132 3 97.78 S4 78 140.91 40.00

RAIMEOll SP~ELT (SHALL) 3.3 173 9 95.05 '41 132 23.70 22.53

RAINBOI4 SHELT (SHIALL 3 10.0 40 . 100.00 35 25 58.33 58.33
RAINBOW4 SNELT I (SHALL) 15.0 268 6 97.81 116 54 6R1.2'4 66.71a

SP'OTTED NAME 3.3 2 1 66.67 2 .100.00 66.67

THREE-SPIIIE STICKLEBACI( 3.3 3 1 75.00 2 *100.00 75.00

THREE-SPINE STICKLEBACK 15.0 8 2 00.00 5 .100.00 100.00

ATLANTIC TOtICCO 3.3 is 100.00 13 2 06.67 85.67

ATLAtTIC TOIICO 10.0 a 100.00 6 2 75.00 75.00
ATLANTIC TGIICOD 15.0 i5s 100.00 11 1 91.67 91.67
MNITE PERCH 3.3 5 * 100.00 5 0.00 0.00
KNltOI!PANc- 15.0 1 . 100.00



TABLE S

RESULTS Cf SPRING TESTIN~G

IMPINGEMENT SURVIVAL STUDY
MYSTIC STATION - UNIT NO, 7

BOSTON EDISON COMPANY

EPECIES INITIAL INITIAL INITIAL X
SPEED NUII;^R LIVE flUffI3ER DEAD SU7VIVAL

96-HOUR 96-HOUR LATENT Z OVERALL SU9VIVAL
:UtISER LIVE NUIBER DEAD SURVIVAL (INITIAL X LATE11TI

ALOSA IALEHIFE 4 ELUESACH)
A,..CS'a (ALEHI'IE 4 SLUEBACK)
4.ERC-ltl EEL
i-JOER FLC'T.%OR
1I114TER FLO.;XDER

ktZrlHEr-tl PIPEFIS;
.NýPTHEird PIPEFISII
PA~TNCk S!IELT
F-AltoCHI 5:!ELT

1!: -5':IESTICCLEeACK
;iltZE-SFPI4E STICnLEAC.'
ATLAN4TIC 7C1CO0

3.3
15.0
1E.0
3.3
15.0
15.0
3.3

15.0
3.3
15.0
3.3

15.0
3.3

15 *0

1
3

3
a
13

a.

1~
1

100.00
100.00
100.00
300.00
120 '.00
100.00
100.00
100.00.
100.00
100.00
100 .00
100.00

0.*00
0.00

3

£4

I
2

1
2
11

1*
3

0.00
0.00

75.00
0.00

80. oo
0.00

100.00
100.00

0.00
7.69

100.00
100.00

0.00
0.c0

75.00
0.00

80.00
0.00

100.01
100.00

0.*00
7.f9

100.00
100.00

It
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i4
TABLE A-i NUMBERS OF FISH LARVAE AND JUVENILES SURVIVING TO 96 HOURS AFTER IMPINGEMENT ON A CONTINUOUSLY

OPERATING FINE MESH TRAVELING SCREEN INCLUDING EFFECTS ASSOCIATED WITH SAMPLE COLLECTION AND
HA NDLl N

horana apuoles
ClupoIdaa (family)
ADnhaa saciM~l~

Ihmn~ls

53
3
1
0
0

16
1

2
38
2
1

11
0

0
0

33

2
1

52 to 52 10 52 10 51 0 49 0 49 0 48 a
2 0 2 0 2 0 2 0 1 0 1 0 1 0
1 4 I 4 1 4 0 1 0 0 a 0 0 0
0 0 0 0 0 0 0 a 0 a 0 0 0 0
G 0 0 0 0 0 0 0 0 0 0 0 0 0

16 0 16 0 16 0 15 0 Is 0 is 0 14 0
I 0 1 0 1 0 1 0 I 0 1 0 I 0
I 0 1 0 1 0 1 0 1 0 1 0 0 0
5 1 5 1 5 1 0 0 0 0 0 0 0 0
2 0 2 0 2 0 0 0 0 0 0 0 0 0
38 1 38 1 38 1 38 1 38 1 36 1 26 I
2 3 2 3 2 3 I 1 1 0 I 0 1 a
0 0 So 0 0 0 0 0 0 0 0 0 0 0

0

MUDrn MiaaLilia
bmarn Anidamn
Horgna species
Anchosn taUuLM
tomatnaua 1aaltatrix
111cagoadua loacd
fimarua monhna
Clupeldse (family)

0
0
0

0

0

0

2

(a) L Indicates live.
(b) 3 Indicates stunned.
(a) 0 Indicates deed.
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T~able 1

Initital and Extended Survival of Young-of-the-Year Striped Bass
Impinged on Continuously Operating Fine Mesh Traveling Screen

at Indian Point in 1977

Test Screen Wash Number Initial Extended Survival %)
Date Duration Collected Survival 0 Hrs 12 Krs, 36 Hrs 60 Hrs 84 )Irs

(Hrs) M%*

9/12 1.25 3 100 100 100 100 100 100

10/5 1.00 1 100 100 100 100 100 100

10/25* 0.50 1 100 - - --

11/1* 0.25 1 100 - - -

11/3 0.50 1 100 100 100 100 100. 100

11/15 2.00 1 100 100 100 100 100 100

12/13* 1.50 *1 100 - - - - -

12/15 5.00 3 33 100 100 100 100 100

12/21 0.50 1 100 100 0 - --

Total -13, 
88Pooled estimate 85 100 88 88888

V.

*No extended survival tests conducted

9 9 science services division



a
Table 2

Initial and Extended Survival of Young-of-the-Year White Perch
Impinged on Conti~nuously Operating.Fine Mesh Traveling Screen

at Indian Point in 1977

Test Screen Was~h Number Initial Extended Survival(%
Date Duration Collected Survival 0 Mrs 12 Mrs 36 Mrs 60 Hrs 84 Hrs.

(Hrs), M%

10/5 1.00 8 100 100 100 100 100 100

10/25* 0.50 6 100 -- - - -

11/1* 0.25 .1 100- ---

11/3 0.50 10 100 100 100 100 100 100

11/8 0.50 10 100 100 100 100 100 90

11/17 200D 7 71 100 100 100 100 100

12/13 1.50 16 69 100 NC 64 64 45

12/15 5.00. 164 27 100 100 .51 40 33

12/16 1.50 1, 100 100 100 100 100 100

12/21 0.50 2 100 100 100 50 50 50

12/22 0.75 3 100 100 100 0 - -

Total - 228
Pooled es~timate 45 100 100 68 63 57

NC = Not checked

*No extended survival tests conducted

11 11 science services division



a5
Table 3

Initial and Extended Survival of Yearling and Older White Perch
Impinged on Continuously Operating Fine Mesh Traveling Screen

at Indian Point in 1977

Test Screen Wash Number Initial Extended Survival M%
Date Duration Collected Survival 0 Hrs 12 Hrs 36 Hrs 60 Hrs 84 HFrs

(Hrs) M%

6/15 '1.00 1 0 - -- - -

11/3 0.50 1 100 100 100 100 100 100

12/13 1.50 15 67 100 NC 80 80 50

12/15 5.00 14 0 - - -

12/116 1.50 5 60 100 100 0-

12/22 0.75 1 100 100 100 0--

Total -37

Pooled estimate .41 100 100 60 60 40

NC = Not checked

12 Science services division



Table 6

Initial and Extended Survival, of Young-of-the-Year and Yearling and
Older Atlantic Tomcod Impinged on Continuously Operat~ing

Fine Mesh Traveling Screen at Indian Point in 1977

Age
Cl ass

Screen Wash.
Test Duration' Number
Date (Firs) Collected

Initial
Survi val

Extended Survival()

0 Firs 12 Firs 36 Hrs 60OHrs 84 Firs

Young-
of- the-

'Year

6/15

9/12

12/13

12/16

12/21

12/ 22

1.00

1.25

1.50

1.50

0.50

0.75

37 84 100 94 87 NC

I

3

1

31

100

100

100

100

100

100

100

100

100

100

100

NC

100

100

67 67 67

100

19

100

100 100 100

97 97 97 97

5 100 100 100 1 00

Total 78
Pooled estimate 92- 100 96 92 92 62

Yearling 9/12* 1.25 1 100 - - --

& Older 12/16 1.50 1 100 100 100 100 100 100

Total 1. 2 %
Pooled estimate -100 100 100 100 100 100

NC =Not checked
*No extended survival tests conducted

Table 7

Initial'and Extended Survival of Young-of-the-Year Atlantic
Tomcod in June and December, 1977. G-Test Indicated that

Survival Was Affected By Month (p <0.005)

Holin Survival

Month 'Duration Alive Dead %

Jun Initial

Extended

Initial

31

6

40

6

25

84

19

4 Dec 0 100

2 95
rytended 38

15 science services division



Table 8

Initial and Extended Survival of Young-of-the-Year and Yearling and
older Blueback Herring lImpinged on Continuously Operating
Fine Mesh Traveling Screen at Indian Point in 1977

A0,i

I ass

Screen Wash
Test Duration Number
Date (Hrs) Collected

Initial
Survi val
( 'V,)

Extended Survival (%)

0OHrs 12 Hrs 36 Hrs 60OHrs 84 Hrs

I ung-
,.'-the-
Year

9/12

10/25

11/1

11/3

11/8

.1l/15***

11/17

1.25

0.50

0.25

0.50

0.50

2.00

2.00

11

152

40

158

28

12

78

82

100

85

96

100

100

73

100o*

I QQ**

100

100

100

100

53

2

66

68

50

38

2

35

54

0

29

2

22

50

13

2

16

36

86 NC 82 81 81

Total -479

Pooled estimate 93 98 61 42 34 25

--arling 9/12 '1.25 1 100 100 100 0 -
Older

SI

&

Not Checked
*4 fish held for extended survival tests

ký*l00 fish held for extended survival tests
***Noj extended survival tests conducted

d
16 16 science services division



Table 9

S Initial and Extended Survival of Young-of-the-Year Bay Anchovy
Impinged on Continuously Operating Fine Mesh Traveling Screen

at Indian Point in 1977

Test. Screen Wash -Number Initial Extended Survival(%
Date Duration Collected Survival _0Hrs 12 Hrs 36 Hrs 60 Hrs 84 Hrs

MHrs)

9/8 1.00 334 34 91 6 1 0 0
9/12 1.25 330 67 88* 53 20 9 0
9/21 1.80 166 71 92 52 26 20 15
9/26 2.50 986 9 49 0 - - -

10/5 1.00 597 11 .38 5 5 5 0
10/25 0.50 1 0 - - - - -

11/3 0.50 1 0 - - - --

Total - 2415
Pooled estimate 25 76 26 11 8 4
*85 fish held for extended survival tests

Table 10

Initial and Extended Survival of Yearling and Older Bay Anchovy
Impinged on Continuously Operating Fine Mesh Traveling Screen

at Indian Point in 1977

Test Screen Wash Number Initial Extended Survival(%
Date Duration Collected Survival 0 Hrs 12 Hrs 36 Mrs 60 Mrs 84 Mrs

(lirs) M%

6115 - 1.00 8 62 100 60 20 20 20

9/8 1.00 3 0 - - - --

9/12 1.25 7 86 .100* 100 67 67 33
9/21 1.80 23 91 100 86 57 43 29

9/26 2.50 15 13 100 100 100 0 -

10/5 1.00 9 22 100 50 50 50 0

Total -65

Pooled-estimate 55 100 82 55 39 24
*3 fish held for extended survival tests

17 17 science services division



0

Table 11

Initial and Extended Survival of Impinged Young-of-the-Year and
Adult Bay Anchovy for All Tests Combined. G-Test

Indicated That Survival Was Affected
by Age (p <.005)

Holding
Age Duration Alive Dead%

Young- Initial 600 1815 25
of-the-
Year Extended .18 446 4

Adult Initial 36 .29 55

Extended 8 25 24

4I
is 18 science services division



Table 12

Initial and Extended Survival of Young-of-the--Year Alewife
Impinged on Continuously Operating Fine Mesh Traveling Screen

at Indian Point in 1977

Test Screen Wash. Number Initial Extended Survival()
Date Duration Collected Survival 0 Hrs 12 Hrs 36 lHrs 60 Hrs 84 Hr-s

(Hrs)()

9/8 1.00 5 40 100 50 50 0

9/21 1.80 16 88 93 93 93 86 14

9/26 2.50 23 30 100 71 71 0 -

10/5 1.00 21 62 77 54 54 54 0

10/25 0.50 27 100 100 70 41 15 11

11/1 0.25 4 50 100 0 - - -

11/3 0.50 2 100 100 s0 0 - -

111 .0475 67 NC 33 33 33

Total -102

Pooled estimate 69 93 69 54 34 9

NC = Not checked

Table 13

Initial and Ext,:nded Survival of Young-of-the-Year American Shad
Impinged on Continuously Operating Fine Mesh Traveling Screen

at Indian Point in 1977

Test Screen I-ash Number Initial Extended Survival M%
Date Duration Collected Survival 0 Hrs 12 Hrs 36 Hrs 60 Hrs 84 Hrs

(Hrs)' 00

10/25 0.50 2 100 100 100 50 0 -

11/1 0.25 1 100 100 100 100 100 0

1/* 0.50 1 100 - - -~ - -

Total - 4
Pooled estimate 100 100 100 67 33 0

*No extended survival tests conducted1*
f4 I

20 *alone& services division

. 1



Table 14

) Initial and Extended Survival for Other Species with. Relatively High Survival
40 After Impingement on Continuously Operating Fine Mash

Traveling Screen at Indian Point in 1977.

Numbers Initial Extended Tests
Collected Life Survival No. Survival

Species All Tests Stage* M% Tested (% at 84 hr)

tlogchoker 4 1 100 2 100
American Eel 4 2 100 2 100
Banded Killifish 1 1 100 **
White Catfish 29 1 100 29 100
Spottall Shiner 2 1 100 2 100
Centrarchids 5 1 100 .5 80
Sea Lamprey .1 1 100 1 100
Largemouth Bass 1 1 100 1 100
Yellow Perch 1 1 100 1 100
Weakfish 3 1 67 1 100
Total 47 44
Pooled estimate 98 98

*Life Stage 1 =Young-of-the-Year
2 - Yearling and Older

**N~o extended survival tests conducted
Table 15

Initial and Extended Su'rvival for Other Speces with Relatively Low Survival
After Impingement on Continuously operating Fine Mash

Traveling Screen at, Indian Point in 1977.

Numbers
Collected
All TestsSpecies

Life
Stage*

Initial
Survival

M%

Extended Tests
No. Survival

Tested (% at 84 hr)

C1luef ish 4 1 100 4 0
,Rainbow Smelt 4 2 28 **
Rainbow Smelt 20 1 10 2 0
Northern PipefI'sh 1 1 0 **
Menhaden 1 1 100 **
Gizzard Shad 5 2 100 5 0
Unidentified Clupeids 80 1 51 **

Total
Pooled estimate

115 11 (For Species
0 Tested)47

*Life Stage 1 = Young-of-the-Year
2 -.Yearling and Older

*No extended survival tests conducted

21 21 science services division
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4 Table

Initial, Extended, and Overill1 Survival
Impinged on Continuously Operating

of juvenile and Yearling and Older Fishes
Fine Mesh Traveling Screen in 1978

Life w
Species 'Stage'

Tes tt1 Number initial
Date Impinged Survival (%)

Number field for
.Extended Survival Tests

Extended Survival(Z) Overall-
Ofirs M4rs 48Hrs 911irs Survival (%)

-J

p
a
5.
5
a

S

5.
S
S
0.

5.
5

Striped Bass (1) 10131 1 100 1 100 100 NC 0 0
White Perch (1) 10/31 22 100 22 100 100 100 100 100

11/70 11 Mo1) 11 100 100 100 300 100
Pooled
Estimate 33 100 33 100 100 100 100 100

White Perch (2) 10/31 4 100 4 100 100 100 100 100
Blueback
Herring (1) 10/31 44 41 18 100 17 NC 11 5

11/10 6 67 4 100 75 75 25 17
Pooled
Estimate so 44 22 100 27 -- 14 6

A]lewi fe 10/31 6 67 4 100 50 NC 0 0
11/10 1 100 1 100 100 100 0 0

Pooled
Estimate 7 71 5 100 60 -- 0 0

Bay Anchovy (1) 10/31 12 0 0
11/10 4 0 0

Pooled
Estimate 16 0 0

Bay Anchovy (2) 10/31 1 0 0

Flogchoker (2) 10/31 1 100 .1 100 100 100 100 100
White Catfish(2) 10/31 2 100 2 100 100 100, 100 100
Rainbow Sm~eltt2) 10/31 2 50 1 100 100 NC 0 0
lReakfish M1) 10/31 1 100 1 100 0 - 0

Totals (Pooled
Es timrates)

*(I) - Juvenile, (2)
t 10/31 - based

11/10 - based
XC a not checked

118 59, 70 100: 74 -- 61. 36

a Yearling and Older
on 4-hrs, of screen washing - 2
on 2-hrs of screen washing

tests run for 2-hrs each
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TABLE A-2 NUMBER AND CO)NDITION OF WILD PISH LARVAE AND JUVENILES COLLECTED, AND SURVIVAL
TO 96 HOURS AFTER IMPINGEMENT, ON A CONTINUOUSLY OPERATING FINE MESH TRAVELING
SCREEN, INCLUDI NG EFFECTS ASSOCIATED WITH SAMPLE COLLECTION AND HOLDING,
INDIAN POINT GENERATING STATION. 6 JUNE - 20 JULY 1978

Number of Snecimens Alive After Indicated Time Period
Umber of

initial Survival(&)
L a D1

3or

L(b) S(c)

6 Hr 12 Hr 241 Hr 48 lir 72 Hr '36 [Br

L S L a L S L 3 L S L S

Larvae

1lorone aniericana
H4. saxattlia
Horone app.
Alosa app.
Anchaa witchiill
Conaer ocennicus
Osmerus inordax

Undetified

Juveniles

Morone americana
N. saxat~llia
Abs.a-aes'tivalia
A. sapIdIasiMa
A. pseudoharengu9
.Clupeld app.
Mi orogadub tomeod
IcLalurus catus

uamerus mordax
Et~heostomaa olmatedi
Cynodclon regalia
S&gnathus fussus

0
0
0
0

0

0
0
0
0
0
0
0
0

241(23)
1670126)
16(00)
5(3)
0
6(6)
101)
2(2)

601)

0

2(2)
3(2)

13(g)

0
3(3)
0

31(25)
0
2(2)
0

13
15
a
62
65
0

3

51

2
1
0

87
0

2

I 1

5
23
60
3
2

6
1
1
7

2
2
2

2

2

5
22
33

2

7
3

2
2
1
0

2

5
19
15
1
0

3
1
0
7
0

1
2
1
0

0

0

5

0

0

7

0

1 -- 0 -- 0 -- 0 - 0

0
0

0

0

.0

2
0
0

0
1
0

0

0
0

0

0

0

0
0

0

0
0

0

0

0

0

0

I
0
0

0

0

0

(a) Numbers In parentheses Indicate the number of spec Imena used
(b') Data are for specimens that were Initially alive.
(a) Data are for specimensi that were Initially atuarmed.

for intent effects determinations.

Note: Dashses (--) Indicate no data.



APPENDIX C

Summary of results from the Oswego and Danskammrer angled screen
studies.

Table C-1, taken from LMS (1984),, summarizes the results of angled
screen tests for species of greatest -interest at the Oswego Station. Total
plant efficiency is calculated as the product of the percentage of fish
diverted and the percentage of fish surviving for 96 hours, corrected for
initial mortality.

Table C-2 summarizes mortality data from the 1983. and 1982 ESEEflCO
sponsored studies at Danskammer. These preliminary values were- compiled
from periodic data summaries prepared by the ESEERCO contractor and do not
reflect any adjustments for handling mortality (i.e. controls). The final
report on those studies has not yet been completed.



4b
TAKLE 5.0-1

WMOTHLY TOTAL PLANT EFFICIENCY BY SPECIES

Oswego Steam Station Unit 6 - Apri1 '1981 -- March 1983

MONTH K10 to AV 0 Ucm <10 cm )1O cm0 S13 cm VP 13 cm0 E?iSH STSH CSO vp SM8 TSSI MOTS

Apr 1981 13.3 22.6 23.8 64.6 45.7 57.2 80.1 76.4 52.0 90.S 88.2 6.6 38.0

may 1.0 1.6 22.1 0
Jun 1.9 7.4 22.1 20.4
Jul 2.7 25.7 18.4 20.4
Aug 1.2 2 .5 18.4 20.4
Sep 1.9 5.5 12.2 17.0
Oct 15.8 45.2 23.7 32.3
Nov 16.1 27.4 11.7 20.6
Dec 13.8 26.6 5.0 20.7
Jan 1982 0 0 4.2 44.7
Feb 3.0 7.4 3.1 38.3
Mar 3.0 3.4 5.0 46.3 45.1 57.2 80.1 76.4 52.0 90.5 88.2 1.6 38.0
Apr 0 6.0 7.6 57.83 43.8 54.8 62.4 67.2 43;5 81.4 78.3 7.5 54.8

May 0 5.9 7.1 32.7
Jun 0.7 3.1 3'8 17.4
Jul 0.7 4.3 3.8 14.1
Aug 1.1 4.2 4.8 17.8
Sep 0.9 7.5 6.1 24.6
Oct 0.4 11.8 7.8 20.4
Nov 2.0 55.8 11.1 21.7
Dec 1.4 $5.8 20.4 21.1
Jan 1983 1.4 65.8 16.4 16.9
Feb 1.4 55.8 6. 16.9
Mar 1.0 41.5 18.5 19.1 43.8 54.8 62.4 67.2 43.5 81.4 78.3 7.5 S4.8

0

U'

a :1

Aid -
RSH -
iP -

E1151 -
STSH -

Alewife
Rainbow smelt
White perch
Emerald shiner
Spottall shiner

630
VP

SMB
ISO

MOTS

- Gizzard shad
- Yellow perch
- Sinai mouth bass
- Threespine stickleback
- Mottled sculpin

X-1 -.Cominbned across months during periods of low abundance.
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~~.,iL&L&S~M..I~ ~ I - ~. * *..... - - - -

to
;eason -Spring NUMBER A CONDITION OF FISH 0 OBSERVATION HOURo..

pecies 0 12 18 36 84 96 - CUMULATIV TOTAL NUM4BER'
UMBER & PERCENT TESTED FOR

DEAD. DEAD DEAD DEAD -. DEAD DEAD DEAD AT 96 HOURS LATENT EFFECTS

.lewi fe . Number 1 6 -4 j3 11 1 26.

%1.59 9.52 6.35 4.76 17.46 1.59 63

Cum % 1.59 11.11' 17.46 22.22 39.68 41.27 _______

tlantic Number 1 20 5 1 3 2 32

,omcod 11.32 26.32 6.58 ý1.32 3.95 2.64'6

Cum 1 1.32 27.62 34.21 35.53 39.47 42.11

lay Number 1 2. 0 0 0 0, 3

.nchovy % 33.33 66.67 0 a 0 0 3

Cum 9 .33.33 100.00 100 100 100 .100

lueback Number 1 2 .1 2 1 0 7

.erring % 14.29 28.57 14.29 28.57 14.29 0 7

Cum % 114.29 42.86 57.14 85.71 100.00 100

,umpkin- Number 3 2 1 2 6 1 15

,eed a 1.85 1.23 0.62 1.23 3.70 0.62 162

Cum 1 1.85 3.09 3.70 4.94 '8.64 9.26

pottail Number 0 1 2 1 26 9 39

;hiner 1 0 0.30 0.61- 0.30 7.93 2.74 328

Cum 10 0.30 0.91 1.22 9.15 _____11.89 _______

triped Number 0 0 0 0 0 0 0

iass 10 0 0 0 0 0 31

*Cum% 0 0 0- 0 0a ___ 0

Thite Number 23 33 14 31' 89 33 223

,erch 1.166 2.39 1.01 2.24 6.44 2.39 1383

Cum 1 1.66 4.05 5.06 7.30 13.74- ____ 16.13

TOTAL 30 66 27 40 136 46 345 2053

............................................. ............. ..........................*........................... ................................



SUM*IARY OF 1981 AND 1982 DANSKAPON -3PSID FISH MORTALITY DATA

Season -Fall NUMBER & CONDITION OF FISH I OBSERVATION HOUR...,

Spccles 0 12 18 36 84 96 CL04ULATIVE TOTAL NUMBER

INUM4BER & PERCENT TESTED FOR

DEAD DEAD DEAD DEAD DEAD DEAD DEAD AT 96 HOURS LhTENT EFFECTS

Alewife Number 8100 6 1*0 22 2 148

%.4.79 59.88 3.59 5.99 13.17 1.20 167

Cumn % 4.79 64.67 68.26 74.25 87.43 ____ 88.62.

Atlantic Number 1 2 2 1 4 1 11

Tomcod %0.79 1.57 1.57 0.79 3.15 0.79 127

Cwum 0.79 2.36 3.94 4.72 7.87 8.66________

Day Number 591 1210 is 5 . 6 0 1830

Anchovy % 32.24 66.01 0.98 0.27 0.33 0 1833

Cumn % 32.24 198.25 99.24 99.51 99.84 99.84 _______

JBlueback Number 121 1152 85 60 71 35 1524

lie rring % 6.84 65.08 4.80 3.39 4.01 1.98 1770

Cumn % 6.84 71.92 76.72 90.11 184.12 86.10 _______

Pumpkin- Number 0 0 00 0 0 0

seed 0 0 0 0 0 0 21

Cum ~ 0 0 0 0 0 0

Spottail Number 0 3 1 0 3 1 9

Shiner 0 7.89 2.63 0 7.89 2.63 38

-Cum % 0 7.89 10.53 10.53 18.42 _____21.05

Striped Number 1 3 1 0 4 0 9

Bass 3.23 9.68 ý-3.23 0 12.90 0 31

Cumn 3.23 12.90 16.13 16.13 29.03 ____ 29.03 _______

White 1Numrbe r 43 45 15 1.7 63 10 193

Perch %3.40 3.'55 1.18 1.34 4#98 0.78 1266

Cumn 3.40 6.95 8.14 9.48 14.45S* 15.24________

TOTAL 765 2515 128 93 173 49 3723 5253

(



ENCLOSURE 5 TO NL-07-156

Entrainment Abundance Data 1981. 1983. 1985-1987

ENTERGY NUCLEAR OPERATIONS, INC.
INDIAN POINT NUCLEAR GENERATING UNIT NOS. 2 & 3

DOCKET NOS. 50-247 and 50-286



SPCODE LIESTAG year
4007 3
7915 3
7915 5

10501 0
10504 0
10976 1
10976 3
18005 5
99799 9
4000 3
4006 1
4007 0
4007 3
6199 1
7915 3
7915 5

10500 9
10501 1
10501 3
10504 0
10504 1
10943 1
10943 3
10976 1
10976 3
99799 0
99799 9
4000 3
4007 0
4007 3
6199 1
7915 5

10500 3
10500 9
10501 0
10501 1
10501 3
10504 0
10504 1
10504 3
10943 1
10943 3
10976 3
99799 0
99799 9
4000 3
4006 3
4007 3
6199 1
7915 `5

10500 3

1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981

WEEK meandensi sedensity startdate
18 0.891742 0.891742 6-May-81
18 3.449205 1 .969967 6-May-81
18 29.78625 12.58308 6-May-81
18 0.895095 0.895095 6-May-81
18 0.851354 0.851354 6-May-81
18 4.30528 2.972839 6-May-81
18 0.880747 0.880747 6-May-81
18 0.895095 0.895095 6-May-81
18 2.59445 1.860328 6-May-81
19 19.0888 15.38381 10O-May-81
19 3.389833 2.188389 10-May-81
19 1.632653 1.632653 10-May-81
19 15.18545 7.097083 10-May-81
19 1.632653 1.632653 10-May-81
19 1.755002 1.755002 10-May-81
19 20.65786 12.03631 10O-May-81
19 3.389833 2.188389 10-May-81
19 3.427802 2.213527 10O-May-81
19 1.717033 1.717033 10-May-81
19 1.6728 1.6728 10-May-81
19 6.868132 6.868132 10-May-81
19 5.171133 3.624355 10-May-81
19 1.66113 1.66113 10-May-81
19 6.853269 3.541646 10O-May-81
19 1.6728 1.6728 10-May-81
19 1.690617 1.690617 10-May-81
19 34.34486 17.68513 10-May-81
20 47.99252 10.35399 18-May-81
20 0.733568 0.733568 18-May-81
20 189.6435 41.46286 18-May-81
20 2.959271 1.324988 18-May-81
20 0.72759 0.72759 18-May-81
20 2.923055 1.693606 18-May-81
20 30.21614 12.7399 18-May-81

enddate
9-May-81
9-May-81
9-May-81
9-May-81
9-May-81
9-May-81
9-May-81
9-May-81
9-May-81

16-May-81
16-May-81
16-May-81
16-May-81
16-May-81
16-May-81
16-May-81
16-May-81
16-May-81
16-May-81
16-May-81
16-May-81
16-May-81
16-May-81
16-May-81
16-May-81
16-May-81
16-May-81
22-May-81
22-May-81
22-May-81
22-May-81
22-May-81
22-May-81
22-May-81
22-May-81
22-May-81
22-May-81
22-May-81
22-May-81
22-May-8 1
22-May-81
22-May-81
22-May-81
22-May-81
22-May-81
30-May-81
30-May-81
30-May-81
30-May-81
30-May-81
30-May-81

nsamples Unit2Flow Unit3Flow
14 0.529958 1.771426
14 0.529958 1.771426
14 0.529958 1.771426
14 0.529958 1.771426
14 0.529958 1.771426
14 0.529958 1.771426
14 0.529958 1.771426
14 0.529958 1.771426
14 0.529958 1.771426
7 0.529958 1.997846
7 0.529958 1.997846
7 0.529958 1.997846
7 0.529958 1.997846
7 0.529958 1.997846
7 0.529958 1.997846
7 0.529958 1.997846
7 0.529958 1.997846
7 0.529958 1.997846
7 0.529958 1.997846
7 0.529958 1.997846
7 0.529958 1.997846
-7 0.529958 1.997846
7 0.529958 1.997846
7 0.529958 1.997846
7 0.529958 1.997846
7 0.529958 1.997846
7 0.529958 1.997846

16 0.746304 2.225822
16 0.746304 2.225822
16 0.746304 2.225822
16 0.746304 2.225822
16 0.746304 2.225822
16 0.746304 2.225822
16 0.746304 2.225822
16 0.746304 2.225822
16 0.746304 2.225822
16 0.746304 2.225822
16 0.746304 2.225822
16 0.746304 2.225822
16 0.746304 2.225822
16 0.746304 2.225822
16 0.746304 2.225822
16 0.746304 2.225822
16 0.746304 2.225822
16 0.746304 2.225822
16 2.604679 2.225822
16 2.604679 2.225822
16 2.604679 2.225822
16 2.604679 2.225822
16 2.604679 2.225822
16 2.604679 2.225822

20
20
20
20
20
20
20
20
20
20
20
21
21
21
21
21
21

2.208529
13.27576
184.5533
2.315262
32.30669
10.87672
3.080808
4.579247
2.292172
1.4671 36
59.31113
53.31 887
0.71347

178.7835
1.502439

0.7259
23.93602

1.187355 18-May-81
3.9631 79 18-May-81
53.88793 18-May-81
1.686574 18-May-81
10.72306 18-May-81
4.958796 18-May-81
1.787586 18-May-81
1 .527527 18-May-81
1.677773 18-May-81
1.467136 18-May-81
9.258194 18-May-81

12.2901 27-May-81
0.71 347 27-May-81

60.63165 27-May-81
1 .026374 27-May-81

0.7259 27-May-81
11.19271 27-May-81



10500 9 1981 21 88.12513 19.39336 27-May-81 30-May-81 16 2.604679 2.225822
10501 0 1981 21 0.744048 0.744048 27-May-81 30-May-81 16 2.604679 .2.225822
10501 1 1981 21 3.652172 1.752687 27-May-81 30-May-81 16 2.604679 2.225822
10501 3 1981 21 402.9024 75.42862 27-May-81 30-May-81 16 2.604679- 2.225822
10504 1 1981 21 76.49122 18.59062 27-May-81 30-May-81 16 2.6046.79 2.225822
10504 3 1981 21 194.0295 36.6815 27-May-81 30-May-81 16 2.604679 2.225822
10943 1 1981 21 2.899338 1.663874 27-May-81 30-May-81 16 2.604679 2.225822
10943 3 1981 21 0.747608 0.747608 27-May-81 30-May-81 16 2.604679 2.225822
10976 3 1981 21 0.744048 0.744048 27-May-81 30-May-81 16 2.604679 2.225822
99799 0 1981 21. 0.744048 0.7,44048 27-May-81 '30-May-81 16 2.604679 2.225822
99799 3 1981 21 0.744048 0.744048 27-May-81 30-May-81 16 2.604679 2.225822
99799 9 1981 21 58.06806 8.149595 27-May-81 30-May-81 16 2.604679 2.225822
4000 3 1981 22 21.51697 5.629395 1 -Jun-81 4-Jun-81 16 2.572503 2.602281
4006 3 1981 22 1.554726 1.554726 1-Jun-81 4-Jun-81 16 2.572503 2.602281
4007 3 1981 22 88.52264 17.67054 1-Jun-81 4-Jun-81 16 2.572503 2.602281
6199 1 1981 22 1.542357 1.053669 1 -Jun-81 4-Jun-81 16 2.572503 2.602281
7915 5 1981, 22 0.7414 0.7414 1 -Jun-81 4-Jun-81 16 2.572503 12.602281

10500 3 1981 22 74.94421 18.64175 ~1-Jun-81 4-Jun-81 16 2.572503 2.602281
10500 9 1981 22 54.06245 10.75324 1 -Jun-81 4-Jun-81 16 2.572503 2.602281
10501 0 1981 22 2.269517 1.653408 1-Jun-81 4-Jun-81 16 2.572503 2.602281
10501 3 1981 22 164.8519 43.29564 1 -Jun-81 4-Jun-81 16 2.572503 2.602281
10504 1 1981 22 31.34545 7.623806 1-Jun-81 4-Jun-81 16 2.572503 2.602281
10504 -3 1981 22 501.237 83.51749 1-Jun-81 4-Jun-81 16 2.572503 2.602281
10943 1 1981 22 3.056538 1.786109 1 -Jun-81 4-Jun-81 16 2.572503 2.602281
10943 3 1981 22 0.7414 0.7414 1-Jun-81 4-Jun-81 16 2.572503 2.602281
99799 9 1981 22 19.22577 6.134267 1-Jun-81 4-Jun-81 16 2.572503 2.602281

4006 3 1981 23 0.844309 0.844309 9-Jun-81 13-Jun-81 14 2.649788 3.002095
4007 3 1981 23 4.345008 2.025726 9-Jun-81 13-Jun-81 14 2.649788 3.002095
4100 3 1981 23 1.73581 1.73581 9-Jun-81 13-Jun-81 14 2.649788 3.002095
4109 0 1981 23 21.87523 14.86159 9-Jun-81 13-Jun-81 14 2.649788 3.002095
4109 3 1981 23 0.932488 0.932488 9-Jun-81 13-Jun-81 14 2.649788 3.002095
6199 1 1981 23 0.84631 0.84631 9-Jun-81 13-Jun-81 14 2.649788 3.002095

10500 3 1981 23 59.83332 17.82689 9-Jun-81 13-Jun-81 14 2.649788 3.002095
10500 9 1981 23 22.87922 11.06751 9-Jun-81 13-Jun-81 14 2.649788 3.002095
10501 0 1981 23 4.372358 3.518862 9-Jun-81 13-Jun-81 14 2.649788 3.002095
10501 3 1981 23 21.51834 5.866621 9-Jun-81 13-Jun-81 14 2.649788 3.002095
10504 1 1981 23 5.515194 2.239829 9-Jun-81 13-Jun-81 14 2.649788 3.002095
10504 3 1981 23 177.6628 38.5490.6 9-Jun-81 13-Jun-81 14 2.649788 3.002095
4100 3 1981 24 50.18353 20.81402 14-Jun-81 20-Jun-81 18 2.649788 3.179746
4109 0. 1981 24 2141.966 578.3552 14-Jun-81 2O2Jun-81 18 2.649788 3.179746
4109 1 1981 24 1.367529 0.940059 14-Jun-81 20-Jun-81 18 2.649788 3.179746
4109 3 1981 24 145.4474 51.26771 14-Jun-81 20-Jun-81 18 2.649788 3.179746'
6199 1 1981 24 0.742721 0.742721 14-Jun-81 20-Jun-81 18 2.649788 3.179746
8913 3 1981 24 2.01473 1.095114 14-Jun-81 20-Jun-81 18 2.649788 3.179746'

10500 3 1981 24 11.20139 3.941456 14-Jun-81 20-Jun-81 18 2.649788 3.179746
10500 9 1981 24 4.974222 2.614347 14-Jun-81 20-Jun-81 18 2.649788 3.179746
10501 0 1981 24 4.084048 2.184963 14-Jun-81 20-Jun-81 18 2.649788 3.179746
10501 3 1981. 24 11.38585 2.'621338 14-Jun-81 20-Jun-81 18 2.649788 3.179746
10504 1 1981 24 0.725268 0.725268 1'4-Jun-81 20-Jun-81 18 2.649788 3.179746
10504 3 1981 24 122.7971, 27.31842 14-Jun-81 20-Jun-81 18 2.649788 3.179746
10800 1 1981 24 0.742721 0.742721 14-Jun-81 20-Jun-81 18 2.649788 3.179746
99799 9 1981 24 1.365626 0.938343 14-Jun-81 20-Jun-81 ,18 2.649788 3.179746



99899 0 1981 24 0.624922 0.624922 14-Jun-81 20-Jun-81 18 2.649788, 3.179746
4100 3 1981 25 55.97699 22.83133 23 -Jun-81 24-Jun-81 8 2.618243 3.179746
4109 0 1981 25 17.59491 10.93398 23-Jun-81 24-Jun-81 8 2.618243 3.179746
4109 3 1981 25 302.3321 168.2323 23-Jun-81 24-Jun-81 8 2.618243 3.179746
6199 1 1981 25 1.489869 1.489869 23-Jun-81 24-Jun-81 8 2.618243 3.179746
6199 3 1981 25 1.636126 1.636126 23-Jun-81 24-Jun-81 8 2.618243 3.179746

10500 3 1981 25 106.2927 28.05062 23-Jun-81 24-Jun-81 8 2.618243, 3.179746
10500 5 1981 25 1.636126 1.636126 23-Jun-81 24-Jun-81 8 2.618243 3.179746
10500 9 1981 25 4.529338 2.21606 23-Jun-81 24-Jun-81 8 2.618243 3.179746
10501 3 1981 25 124.6716 31.03542 23-Jun-81 24-Jun-81 8 2.618243 3.179746
10501 5 1981 25 6.239662 3.421578 23-Jun-81 24-Jun-81 8 2.618243 3.179746
10504 1 1981 2 5 1.489869 1.489869 23-Jun-81 24-Jun-81 8 2.618243 3.179746
10504 3 1981 25 380.6547 93.83259 23-Jun-81 24-Jun-81 8 2.618243 3.179746
10504 5 1981 25 10.97713 7.361406 23-Jun-81 24-J~un-81 8 2.618243 3.179746
10943 5 1981 25 1.636126 1.636126 23-Jun-81 24-Jun-81 8 2.618243 3.179746
99799 9 1981 25 3.107268 2.037435 23-Jun-81 24-Jun-81 8 2.618243 3.179746
4006 5 1981 26 0.710227 0.710227 29-Jun-81 2-Jul-81 16 2.952464 3.104826
4007 5 1981 26 0.735294 0.735294 29-Jun-81 2-Jul-81 16 2.952464 3.104826
4100 '3 1981 26 92.54739 16.13429 29-Jun-81 2-Jul-81 16 .2.952464 3.104826
4100 5 1981 26 0.72759 0.72759 29-Jun-81 2-Jul-81 16 2.952464 3.104826
4109 0 1981 26 0.72759 0.72759 29-Jun-81 2-Jul-81 16 2.952464 3.104826
4109 3 1981 26 388.7615 52.03747 29-Jun-81 2-Jul-81 16 2.952464 3.104826
8913 3 1981 26 1.437817 0.982298 29-Jun-81 2-Jul-81 16 2.952464 3.104826

10500 3 1981 26 2.998731 1.754396 29-Jun-81 2-Jul-81 16 2.952464 3.104826
10500 5 1981 26 0.74228 0.74228 29-Jun-81 2-Jul-81 16 2.952464 3.104826
10501 3 1981 26 22.1865 4.195738 29-Jun-81 2-Jul-81 16 2.952464 3.104826
10501 5 1981 26 25.7802 8.115905 29-Jun-81 2-Jul-81 16 2.952464 3.104826
10504 3 1981 26 21.99822 6.837153 29-Jun-81 2-Jul-81 16 2.952464 3.104826'
10504 5 1981 26 14.91677 4.396064 29-Jun-81 2-Jul-81 16 2.952464 3.104826
99799 3 1981 26 3.030772 2.381092 29-Jun-81 2-Jul-81 16 2.952464 3.104826
99799 5 1981 26 1.512763 1.035688 29-Jun-81 2-Jul-81 16 2.952464 3.104826
99799 9 1981 26 4.539217 1.516052 29-Jun-81 2-Jul-81 16 2.952464 3.104826

4006 5 1981 27, 0.900739 0.900739 8-Jul-81 11 -Jul-81 14 2.996679 3.179746
4007 5 1981 27 1.657275 1.657275 8-Jul-81 11 -Jul-81 14 2.996679 3.179746
4,100 3 1981 27 25.35933 9.500966 8-Jul-81 11 -Jul-81 14 2.996679 3.179746
41 09 3 1981 27 172.2411 87.8974 8-Jul-81 11 -Jul-81 14 2.996679 '3.179746
6199 1 1981 27 0.900739 0.900739 8-Jul-81 11 -Jul-81 14 2.996679 3.179746

10320 5 1981 27 0.900739 0.900739 8-Jul-81 11 -Jul-81 14 2.996679 3.179746
10501 5 1981 27 6.194799 2.473157 8-Jul-81 11 -Jul-81 14 2.996679 3.179746
10504 3 1981 27 1.736017 1.179474 8-Jul-81 11 -Jul-81 14 2.996679 3.179746
12512 3 1981 27 12.88167 6.580714 8-Jul-81 11 -Jul-81 14 2.996679 3.179746
99799 9 ,1981 27 0.933707 0.933707 8-Jul-81 11 -J~ul-81 14 2.996679 3.179746
4007 5 1981 28 0.662164 0.662164 13-Jul-81 16-Jul-81 18 2.918973 2.907039
4100 3 1981 28 107.0523 23.39691 13-Jul-81 16-Jul-81 18 2.91 8973 2.907039
4109 0 1981 28 1407.138 449.1426 13-Jul-81 16-Jul-81 18 2.918973 2.907039
4109 3 1981 28 714.4305 129.6727 13-Jul-81 16-Jul-81' 18 2.91'8973 2.907039
4109 5 1981 28 2.059434 1.119555 13-Jul-81 16-Jul-81 18 2.918973 2.907039
6199 3 1981 28 0.710429 0.710429 13-Jul-81 16-Jul-81 18 2.918973 2.907039
8913 1 1981 28 0.710429 0.710429 13-Jul-81 16-Jul-81 18 2.918973 2.907039

10320 5 1981 28 0.700574 0.700574 13-Jul-81 16-Jul-81 18 2.918973 2.907039
10501 5 1981 28 0.646747 0.646747 13-Jul-81 16-Jul-81 18 2.918973 2.907039
10800 3 1981 28 2.085236 1.13177 13-Jul-81 16-Jul-81 18 2.918973 2.907039



12512 3 1981 28 1.322605 0.907547 13-Jul-81 16-Jul-81 18 2.918973 2.907039
12512 5 1981 28 0.662164 0.662164 13-Jul-81 16-Jul-81 18 2.918973 2.907039
18005 1 1981 28 4.054734 2.435979 13-Jul-81 16-Jul-81 -18 2.918973 2.907039
18005 3 1981 28 7.405908 4.214505 13-Jul-81 16-Jul-81 18 2.918973 2.907039
99799 9 1981 28 0.72338 0.72338 13-Jul-81 16-Jul-81 18 2.918973 2.907039

4000 5 1981 29 0.766871 0.766871 20-Jul-81 23-Jul-81 16 3.057351 2.596845
4001 5 1981 29 1.431844 1.431844 20-Jul-81 23-Jul-81 163.057351 2.596845
4100 3 1981 29 625.1706 191.0882 20-Jul-81 23-Jul-81 16 3.057351 2.596845
4100 5 1981 29 0.715922 0.715922 20-Jul-81 23-Jul-81 16 3.057351 2.596845
4100 9 1981 29 2.147766 2.147766 20-Jul-81 23-Jul-81 16 3.057351 2.596845
4109 0 1981 29 7871.155 3024.628 20-Jul-81 23-Jul-81 16 3.057351 2.596845
4109 3 1981 29 3528.173 1128.877 20-Jul-81 23-Jul-81 16 3.057351 2.596845
4109 5 1981 29 4.310594 2.053113 20-Jul-81 23-Jul-81 16, 3.057351 2.596845
8913 3 1981 29 0.715922 0.715922 20-Jul-81 23-Jul-81 16 3.057351 2.596845

10320 5 1981 29 1.492771 1.020196 20-Jul-81 23-Jul-81 16 3.057351 2.596845
10501 5 1981, 29 1.482793 1.013624 20-Jul-81 23-Jul-81 16 3.057351 2.596845
10504 5- 1981 29- 0.7259 0.7259 20-Jul-81 23-Jul-81 16 3.057351 2.596845
12512 3 1981 29 5.803982 2.583657 20-Jul-81 23-Jul-81 16 3.057351 2.596845
12512 5 1981 29 17.59693 4.175236 20-Jul-81 23-Jul-81 16 3.057351 2.596845
17828 5 1981 29 0.773515 0.773515 20-Jul-81 23-Jul-81 16 3.057351 2.596845
18005 3 1981 29 33.57885 17.35297 20-Jul-81 23-Jul-81 16 3.057351 2.596845
99799 0 1981 29 0.759417 0.759417 20-Jul-81 23-Jul-81 16 3.057351 2.596845
99899 0 1981 29 0.766871 0.766871 20-Jul-81 23-Jul-81 16 3.057351 2.596845
4001 5 1981 30 0.703037 0.703037 28-Jul-81 1 -Aug-81 16 3.078802 2.784749
4100 3 1981 30 176.5886 43.23914 28-Jul-81 1 -Aug-81 16 3.078802 2.784749
4100 5 1981 30 1.502326 1.026606 28-Jul-81 1 -Aug-81 16 3.078802 2.784749
4109 0 1981 30 11.18568 11.18568 28-Jul-81 1 -Aug-81 .16 3.078802 2.784749
4109 3 1981 30 909.3681 129.0381 28-Jul-81 1 -Aug-81 16 3.078802 2.784749
4109 5 1981 30 3.601268 2.312475 28-Jul-81 1 -Aug-81 16 3.078802 2.784749
8723 5 1981 30 0.733568 0.733568 28-Jul-81 1 -Aug-81 16 3.078802 2.784749
8 ,913 3 1981 30 0.768758 0.768758 28-Jul-81 1 -Aug-81 16 3.078802 2.784749

10320 3 1981 30 0.73616 0.73616 28-Jul-81 1 -Aug-81 16 3.078802 2.784749
10501 5 1981 30 5.696119 2.30073 28-Jul-81 1 -Aug-81 16 3.078802 2.784749
12512 3 1981 30 3.637744 1.733504 28-Jul-81 1 -Aug-81 16 3.078802 2.784749
12512 5 1981 30 5.754135 2.911144 28-Jul-81 1 -Aug-81 16 3.078802 2.784749
18005 3 1981 30 2.872051 2.230624 28-Jul-81 1 -Aug-81 16 3.078802 2.784749
4100 3 1981 31 164.788 28.22617 2-Aug-81 8-Aug-81 16 3.109821 3.179746
4109 0 1981 31 3.74711 1.813503 2-Aug-81 8-Aug-81 16 3.109821 3.179746
4109 3 1981 31 766.138 116.2768 2-Aug-81 8-Aug-81 16 3.109821 3.179746
4109 5 1981 31 2.090306 1.515145 2-Aug-81 8-Aug-81 16 3.109821 3.179746
8700 3 1981 31 0.794155 0.794155 2-Aug-81 8-Aug-81 16 3.109821 3.179746
8723 5 1981 31 0.799233 0.799233 2-Aug-81 8-Aug-81 16 3.109821 3.179746

10501 5 1981 31 0.725058 0.725056 2-Aug-81 8-Aug-81 16 3.109821 3.179746
12512 3 1981 31 2.180041 1.172513 2-Aug-81 8-Aug-81 16 3.109821 3.179746
12512 5 1981 31 2.175174 2.175174 2-Aug-81 8-Aug-81 16 3.109821 3.179746
18005 3 1981. 31 2.93518 2.2951 2-Aug-81 8-Aug-81 16 3.109821 3.179746
99799 9 1981 31 2.24314 1.620644 2-Aug-81 8-Aug-81 16 3.109821 3.179746

4100 3 1981 32 132.1836 37.7316 10O-Aug-81 15-Aug-81 16 3.106404 3.179746
4100 5 1981 32 0.702247 0.702247 10O-Aug-81 15-Aug-81 16 3.106404 3.179746
4109 0 1981 32 378.774 155.1649 10O-Aug-81 15-Aug-81 16 3.106404 3.179746
4109 3 1981 32 617.0815 79.85759 1'0-Aug-81.15-Aug-81 16 3.106404 3.179746
4109 5 1981 32 2.842658 2.207736 10-Aug-81 15-Aug-81 16 3.106404 3.179746



8700
8700

10320
18005
4001
4007
4100
4100
4109
4109
4109
8700
8913

10320
12512
18005
4100
4109.

10320
4100
4109

10320
99799

3001
4000
4007

10501
10900
10976
99799
3001
4000
4000
4006
4007
4007
4406
7915

10501
10501
10501
10504
10504
10508
10900
10900
10900
10943
10943
10976
10976
18005

1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983

32
32
32
32
33
33
33
33
33
33
33
33
33
33
33
33
34
34
34
35
35
35
35
18
18
18
18
18
18
18
19
19
19
19
19
19
19
1 ,9
19
19
19
19
19
19
19
19
19
19
19
19
19
19

0.770654
0.75392

1.459823
2.803727
0.680828
0.7971 94
39.20574
0.71 0227
25.37224
212.4989
0.680828
0.729288
0.891583
2.078481
0.7971 94
0.797194
120.3381
5.783727
6.031 793
117.3222
100.2697
3.052503
2.834467
0.837419

0.62967
0.62967
0.20989
0.41871

0.417639
0.20989

6.185236
37.61111
19.81194
0.184059
1.149336
74.76596
0.024087
1.543633
5.796834
6.589669
19.70055
0.393246
1.729402
9.380538
1.872447
7.10523

4.050742
0.760693
1.165369
2.513741
13.52836
0.194512

0.770654 10O-Aug-81 15-Aug-81
0.75392 10O-Aug-81 15-Aug-81

0.998067 10O-Aug-81 15-Aug-81
1.615136 10O-Aug-81 15-Aug-81
0.680828 17-Aug-81 21 -Aug-81
0.797194 17-Aug-81 21 -Aug-81
12.32986 17-Aug-81 21 -Aug-81
0.710227 17-Aug-81 21 -Aug-81
15.10291 17-Aug-81 21 -Aug-81
37.59364 17-Aug-81 21 -Aug-81
0.680828 17-Aug-81 21 -Aug-81
0.729288 17-Aug-81 21 -Aug-81
0.891583 17-Aug-81 21 -Aug-81
1.117588 17-Aug-81 21 -Aug-81
0.797194 17-Aug-81 21 -Aug-81
0.797194 17-Aug-81 21 -Aug-81
37.98911 29-Aug-81 29-Aug-81
3.343113 29-Aug-81 29-Aug-81
3.482706 29-Aug-81 29-Aug-81
19.92334 30-Aug-81 30-Aug-81
64.84099 30-Aug-81 30-Aug-81
3.052503 30-Aug-81 30-Aug-81
2.834467 30-Aug-81 30-Aug-81
0.483487 3-May-83 7-May-83
0.62967 3-May-83 7-May-83
0.62967 3-May-83 7-May-83
0.20989 3-May-83 7-May-83

0.241744 3-May-83 7-May-83
0.417639 3-May-83 7-May-83
0.20989 3-May-83 7-May-83

1.917205 8-May-83 14-May-83
11.70095 8-May-83 14-May-83
7.179208 8-May-83 14-May-83
0.184059 8-May-83 14-May-83
0.510886 8-May-83 14-May-83
12.77503 8-May-83 14-May-83
0.024087 8-May-83 14-May-83
0.560496 8-May-83 14-May-83
1.789469 8-May-83 14-May-83
2.412124 8-May-83 14-May-83

5.364 8-May-83 14-May-83
0.273977 8-May-83 14-May-83
0.734895 8-May-83 14-May-83
2.589659 8-May-83 14-May-83
0.947217 8-May-83 14-May-83
1.891298 8-May-83 14-May-83
1.328264 8-May-83 14-May-83
0.363333 8-May-83 14-May-83
0.642533 8-May-83 14-May-83
0.737859 8-May-83 14-May-83
2.448139 8-May-83 14-May-83
0.194512 8-May-83 14-May-83

16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
4
4
4
4
4
4
4
4.
4
4
4
4
4
4

35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35

3.106404
3.106404
3.106404
3.106404

2.8348
2.8348
2.8348
2.8348
2.8348
2.8348
2.8348
2.8348
2.8348
2.8348
2.8348
2.8348

0
0
0
0
0
0
0

2.530611
2.530611
2.530611
2.530611
2.530611
2.530611
2.530611

3.17554
3.17554
3.17554
3.17554
3.17554
3.17554
3.17554
3.17554
3.17554'
3.17554
3.17554
3.17554
3.17554.
3.17554
3.17554
3.17554
3.17554
3.17554
3.17554
3.17554
3.17554
3.17554

3.179746
3.179746
3.179746
3.179746
2.99016
2.99016
2.99016
2.99016
2.99016
2.99016
2.99016
2.99016
2.99016
2.99016
2.99016
2.99016

2.763508
2.763508
2.763508
2.568507
2.568507
2.568507
2.568507

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



99799 1 1983 19 0.186121 0.186121 8-May-83 14-May-83 35 3.17554 0
99799 3 1983 19 0.185809 0.185809 8-May-83 14-May-83 35 3.17554 0
99799 9 1983 19 20.87593 3.741066 8-May-83 14-May-83 35 3.17554 0
99899 0 1983 19 1.168601 0.523959 8-May-83 14-May-83 35 3.17554 0

3001 5 1983 20 3.839603 0.993149 15-May-83 21-May-83 48 3.176854 0
4000 1 1983 20 34.07238 8.291819 15-May-83 21-May-83 48 3.176854 0
4000 3 1983 20 21.10984 5.414898 15-May-83 21-May-83 48 3.176854 0
4006 0 1983 20 0.140352 0.140352 15-May-83 21-May-83 48 3.176854 0
4006 3 1983 20 0.143682 0. 143682 15-May-83 21 -May-83 48 3.17685 '4 0
4007 0 1983 20 0.149721 0.149721 15-May-83 21 -May-83 48 3.176854 . 0
4007 3 1983 20 64.79476 10.63595 15-May-83 21 -May-83 '~48 3.176854 0
7915 5 1983 20 2.408823 0.586985 15-May-83 21-May-83 48 3.176854 0

10501 0 1983 20 5.252988 .1.241092 15-May-83 21-May-83 48 3.176854 0
10501 1 1983 20 4.530714 1.356019 *15-May-83 21-May-83 48 3.176854 0
10501 3 1983 20 93.26043 16.23409 15-May-83 21 -May-83 48 3.176854 0
10504 0 1983 20 0.716863 0.420619 15-May-83 21 -May-83 48 3.176854 0
10504 1 1983 20 2.544837 0.850736 15-May-83 21-May-83 48 3.176854 0
10504 3. 1983 20 0.41719 0.41719 15-May-83 21-May-83 48 3.176854 0
10508 1 1983 20 0.428758 0.316924 15-May-83 21-May-83 48 3.176854 0
10508 3 1983 20 0.29175 0.204146 15-May-83 21 -M~ay-83 48 3.176854 0
10508 9 1983 20 24.58057 7.87509 15-May-83 21 -May-83 48 3.176854 0
10900 1 1983 20 0.435471 0.246619 15-May-83 21 -May-83 48 3.176854 0
10900 3 1983 20 2.824496 0.779036 15-May-83 21-May-83 48 3.176854 0
10900 9 1983 20 3.23 '5412 1.075822 15-May-83 21-May-83 48 3.176854 0
10943 .1 1983 20 8.320185 2.20289 15-May-83 21-May-83 48 3.176854 0
10943 3 1983 20 1.29755 0.443691 15-May-83 21 -May-83 48 3.176854 0
10976, 1 1983 20 1.972668 0.813484 15-May-83 21-May-83 48 3.176854 0
10976 3 1983 20 11.57376 2.030044 15-May-83 21 -May-83 48 3.176854 0
99799 9 1983 20 24.8691 3.174348 15-May-83 21-May-83 48 3.176854 0
99899 0 19320 1.286008 0.564577 15-May-83 21-May-83 48 3.176854 0

3001 5 1983 21 2.219664 0.636126 22-May-83 28-May-83 56 3.132796 0
4000 1 1983 21 27.28081 5.509069 22-May-83 28-May-83 56 3.132796 0
4000 3 1983 21 21.96319 4.205148 22-May-83 28-May-83 56 3.132796 0
4006 0 1983 21 0.494599 0.240518 22-May-83 28-May-83 56 3.132796 0
4006 3 1983 21 0.765821 0.298216 22-May-83 28-May-83 *.56 3.132796 0
4007 0 1983 21 2.769461 1.000615 22-May-83 28-May-83 56 3.132796 0
4007 3 1983 21 59.78664 8.488228 22-May-83 28-May-83 56 3.132796 0
4109 0 1983 21 1.098661 0.775159 22-May-83 28-May-83 56 3.132796 0
6199 1 1983 21 0.616322 0.316927 22-May-83 28-May-83 56 3.132796 0
6199 3 1983 21 1.892156 0.525204 22-May-83 28-May-83 56 3.132796 0
6199 9 1983 21 0.12889 0. 12889 22-May-83 28-May-83 56 3.132796 0
7915 5 1983 21 0.119747 0.119747 22-May-83 28-May-83 56 3.132796 0

10501 0 1983 21 15.96914 5.136476 22-May-83 28-May-83 56 3.132796 0
10501 1 1983 21 2.112783 0.682916 22-May-83 28-May-83 56 3.132796 0
10501 3 1983 21 234.6891 23.68845 22-May-83 28-May-83 56 3.132796 0
10504 0 1983 21 0.375463 0.280386 22-May-83 28-May-83 56 3.132796 0
10504 1 1983 21 2.01 023 0.58978 22-May-83 28-May-83 56 3.132796 0
10504 3 19.83 21 0.618473 0.31874 22-May-83 28-May-83 56 3.132796 0
10508 1 1983 21 0.25746 0.25746 22-May-83 28-May-83 56 3.132796 0
10508 3 1983 21 0.387878 0.286702 22-May-83 28-May-83 56 3.1l32796 0
10508 9 1983 21 26.48395 3.641687 22-May-83 28-May-83 56 3.132796 0
10900 1 1983 21 0.61627 0.320862 22-May-83 28-May-83 56 3.132796 0



10900
10900
10943
10943
10976
10976
99799
99799
99899
3001
4000
4000
4006
4006
4006
4006
4007
4007
4109
6199
6199

10501
10501
10501
10501
10504
10504
10504
10508
10508
10508
10800
10900
10943
10943
10976
99799
99899

3001
4000
4000
4001
4006
4007
4007
4109
6199
6199
7915

10501
10501
10501

1983
1983
1983
1983
1983
.1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
19ý83
1983
1983
1983
1983
1983
1983
19.83
1983
1983
1983

21
21
21
21
21
21
21
21
21
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
23
23
23
23
23
23
23
23
23
23
23
23
23
23

0.874253
3.228841
20.42957
5.21 9826
0.368421
2.800074
0.122647
21 .91219
2.170252
0.429901
292.8332
248.2566
0.149076
0.885566
1.474423
0.152645

1.26854
575.1301
0.590321
5.1081 82
4.535647
21.5096

2.487466
283.3811
0.150933
0.5781 22
5.855913
4.969299
0.443761
4.555121
52.25279
0.149076
10.39502
9.214802
4.277676
0.888987
56.76517
1.338009
0.132268
178.2633
806.7957
0.133829
2.001781

1.14794
968.3602
0.661914
23.62555
15.14879
0.260179
32.42368

3.051.32
202.6185

0.356855 22-May-83 28-May-83
0.899767 22-May-83 28-May-83
2.415673 22-May-83 28-May-83
0.943878 22-May-83 28-May-83
0.208862 22-May-83 28-May-83
0.674073 22-May-83 28-May-83
0.122647 22-May-83 28-May-83
2.464761 22-May-83 28-May-83

0.73402 22-May-83 28-May-83
0.24293 29-May-83 4-Jun-83

48.131 01 29-May-83 4-Jun-83
39.58953 29-May.-83 4-Jun-83
0.149076 29-May-83 4-Jun-83
0.503062 29-May-83 4-Jun-83
0.41 9354 29-May-83 4-Jun-83
0.152645 29-May-83 4-Jun-83
0.637414 29-May-83 4-Jun-83

81.69 29-May-83 4-Jun-83
0.41 296 29-May-83 4-J~un-83

1.353029 29-May-83 4-Jun-83
0.871 772 29-May-83 4-Jun-83
5.070171 29-May-83 4-Jun-83
0. 799779 29-May-83 4-Jun-83
24.06641 29-May-83 4-Jun-83
0. 150933 29-May-83 4-Jun-83
0.279787 29-May-83 4-Jun-83
1.654294 29-May-83 4-Jun-83

1.33693 29-May-83 4-Jun-83
0.250721 29-May-83 4-Jun-83
3.714403 29-May-83 4-Jun-83
7.453758 29-May-83 4-Jun-83
0.149076 29-May-83 4-Jun-83
4.177959 29-May-83 4-Jun-83
1.758029 29-May-83 4-Jun-83
0.833618 29-May-83 4-Jun-83
0.508173 29-May-83 4-Jun-83
7.1231 52 29-May-83 4-Jun-83
0.626996 29-May-83 4-Jun-83
0.132268 5-Jun-83 11 -Jun-83
52.89728 5-Jun-83 11 -Jun-83
98.29631 5-Jun-83 11 -Jun-83
0.133829 5-Jun-83 11-Jun-83
0.747021 5-Jun-83 11 -Jun-83
0.671059, 5-Jun-83 11 -Jun-83
178.3215 5-Jun-83 11 -Jun-83
0.342043 5-Jun-83 11 -Jun-83
3.103433 5-Jun-83 11 -Jun-83
2.204737 5-Jun-83 11 -Jun-83
0.182272 5-Jun-83 11 -Jun-83
5.322435 5-Jun-83 1,1-Jun-83
2.164024 5-Jun-83 11-Jun-83
20.55142 5-Jun-83 11 -Jun-83

56
56
56
56
56
56
56
56
56
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
54
54
54
54
54
54
54
54
54
54
54
54
54
54

3.132796
3.132796
3.132796
3.132796
3.132796
3.132796
3.132796
3.132796
3.132796
3.146992
3.146992
3.146992
3.146992
3.146992
3.146992
3.146992
3.146992
3.146992
3.146992
3.146992
3.146992
3.14.6992
3.146992
3.146992
3.146992
3.146992
3.146992
3.146992
3.146992
3.146992
3.146992
3.146992
3.146992
3.146992
3.146992
3.146992
3.146992
3.146992
3.111504
3.111504
3.111504
3.111504
3.111504
3.111504
3.111504
3.111504
3.111504
3.111504
3.111504
3.111504
3.111504
3.111504

0
0
0
0
0
0
0
0
0

1.142669
1.142669
1.142669
1.142669
1.142669
1.142669
1.142669
1.142669
1.142669
1.142669
1.142669
1.142669
1.142669
1.142669
1.142669
1.142669
1.142669
1.142669
1.142669
1.142669
1.142669
1.142669
1.142669
1.142669
1.142669
1.142669
1.142669
1.142669
1.142669
1.838816
1.838816
1.838816
1.838816
1.838816
1.838816
1.838816
1.838816
1.838816
1.838816
1.838816
1.838816
1.838816
1.838816



10504
10504
10504
10508
10508
10900
10900
10900
10943
10943
18005
99799
99799
99899
99899
3001
4000
4000
4001
4006
4007
4007
4109
6199
6199
6199
8720

10501
10501
10501
10504
10504
10508
10508
10508
10800
10800
10800
10900
10943
10943
18005
99799
99799
99899
99899

3001
4000
4000
4007
4007
4109

1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
19ý83
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983

23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
24
24
24
24
24
24
24
24
24
24
24
24
24
24.
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
25
25
25
25
25
25

9.539074
69.16346
0.952719
4.36394

63.41479
0.12734
0.12734

0.134666
12.11959
6.994114
0.132839

0. 12674
104.8405
4.91 0517
0.140281
0.328613
5.393049
1175.004
0.165376
1.301 602
0.32114

490.5109
1.676961
0.501274
9.329427
10.63396
0.322281
25.88239
0.477098
109.8197
7.719754
151 .5231
0.502097
51.29695
77.38949
1.330617
0.320231
0.324333
0.165376
6.888049
4.70227

0.161141
0.322281
85.8068

1.772826
0.165791
0.169966
0.170717
446.9991
230.181

0.328654
0.169966

2.304931
10.88874
0.673382
1.608614

11.1782
0.12734
0.12734

0.134666
2.157942
1.220776
0.132839
0.12674

12.04535
3.060841
0.140281
0.229691
2.856854
167.4329
0.165376
0.536636-
0.224544
97.63337
0.955343
0.371 907
1.340986
2.598238
0.322281
6.247285
0.268993
20.55115
3.775766
21 .381 64
0.502097
7.388371
13.06311
0.870956
0.223789
0.226865
0.165376
1.5621 25
0.962567
0.161141
0.322281
8.849276
1.155544
0.165791
0.169966
0.170717

65.3088
36.72582
0.229712
0.169966

5-Jun-83
5-Jun-83
5-Jun-83
5-Jun-83
5-Jun-83
5-Jun-83
5-Jun-83
5-Jun-83
5-Jun-83
5-Jun-83
5-Jun-83
5-Jun-83
5-Jun-83
5-Jun-83
5-Jun-83

12-Jun-83
12-Jun-83
12-Jun-83
12-Jun-83
,12-Jun-83
12-Jun-83
12-Jun-83
12-Jun-83
12-Jun-83
12-Jun-83
12-Jun-83
12-Jun-83
12-Jun-83
12-Jun-83
12-Jun-83
12-Jun-83
12-Jun-83
12-Jun-83
12-Jun-83
12-Jun-83
12-Jun-83
12-Jun-83
12-Jun-83
12-Jun-83
12-Jun-83
12-Jun-83
12-Jun-83
12-Jun-83
12-Jun-83
12-Jun-83
12-Jun-83
20-Jun-83
20-Jun-83
20-Jun-83
20-Jun-83
20-Jun-83
20-Jun-83

11-Jun-83
11 -Jun-83
.11 -Jun-83
11 -Jun-83
11 -J un-83
11 -Jun-83
11 -Jun-83
11 -Jun-83
11-Jun-83
11 -Jun-83
11 -Jun-83
11 -Jun-83
11 -Jun-83
11 -Jun-83
11-Jun-83
18-Jun-83
18-Jun-83
1 8-,Jun-83
18-Jun-83
18-Jun-83
18-Jun-83
18-Jun-83
18-Jun-83
18-Jun-83
18-Jun-83
18-Jun-83
18-Jun-83
18-Jun-83
18-Jun-83
18-Jun-83
18-Jun-83
18-Jun-83
18-Jun-83
18-Jun-83
18-Jun-83
18-Jun-83
18-Jun-83
18-Jun-83
18-Jun-83
18-Jun-83
18-Jun-83
18-Jun-83
18-Jun-83
18-Jun-83
18-Jun-83
18-Jun-83
25-Jun-83
25-Jun-83
25-Jun-83
25-Jun-83
25-Jun-83
25-Jun-83

54
54
54
54
54

.54
54
54
54
54
54
54
54
54
544
44
44
44
44
44
44
44
44
44
44
44
44
44
44.
44
44
44
44
44
44
44
44
44
44
44
44
44
44
44
44
44
43
43
43
43
43

3.111504
3.111504
3.1115.04
3.111504
3.111504
3.111504
3.111504
3.111504
3.111504
3.111504
3.111504
3.111504
3.111504
3.111504
3.111504
3.252352
3.252352
3.252352
3.252352,
3.252352
3.252352
3.252352
3.252352
3.252352
3.252352
3.252352
3.252352
3.252352
3.252352
3.252352
3.252352
3.252352
3.252352
3.252352
3.252352
3.252352
3.252352
3.252352
3.252352
3.252352
3.252352
3.252352
3.252352
3.252352
3.252352
3.252352

3.13369
3.13369
3.13369
3.13369
3.13369'
3.13369

1.838816
1.838816
1.838816
1.838816
1.838816
.1.838816

1.838816
1.838816
1.838816
1.838816
1.838816
'1.838816
.1.838816
1.838816
1.838816
2.555574
2.555574
2.555574
2.555574
2.555574
2.555574
2.555574
2.555574
2.555574
2.555574
2.555574
2.555574
2.555574
2.555574
2.555574
2.555574
2. 555574
2.555574
2.555574
2.555574
2.555574
2.555574
2.555574
2.555574
2.555574
2.555574
2.555574
2.555574
2.555574
2.555574
2.555574
0.91 9382
0.9.19382
0.91 9382
0.91 9382
0.91 9382



6199
6199
8720
8720

10501
10501
10501
10501
10504
10504
10504
10508
10508
10800
10900
10943
10943
10943
99799
99899
99899

3001
4000
4006
4007
4007
4100
4109
6199
6199
8720

10501
10501
10501
10504
10504
10504
10508
10508
10800
10800
10800

10943
10943
19439
99799

3001
4000

.4000
4001
4007

1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
11983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983

25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
27
27
27
27
27

7.912792
15.53828
0.17018

0.339402
6.433923
0.167544
64.32864
0.172901
0.650387
235.0977
0.169116
96.22252
58.04047
1.859245
0.170717
5.279387
3.013605
0.166615
54.78709
1.376982
0.326985

0.2445
34. 9294 1
0.247813
31.3068

0.251594
1.631 345
1.241 542
0.747572
2.85422

0.127701
4.382475
49.05773
0.372897
0.626717
172.5411
0.361209
61 .89016
13.75292
0.242571
0.369533

0.12207
0:,495717
0.124262
0.249692
20.34593

0.25741
0.128411
0.130264
1.292509
3.833757

0.38267

,1 .363977
2.302487

0.17018
0.23712

2.096353
0.167544
9.940286
0.172901
.0.31 3405
26.28694
0.169116
.15.5198

12.15893
0.690242
0.170717
2.120826
0.846628
0.166615
7.836781
0.781038
0.326985
0.171 309
5.562784
0.173668
4. 794853
0.176329
0. 99472
0.53231

0.291088
0.704982
0.127701
2.005459
8.110983
0.211419
0.323641
27.49385
0.204724
8.542218
2.798225
0.242571
0.209454
0.12207

0.299988
0.124262
0.174991
3.293932
0.180365
0.128411
0.130264
1.052288
3.833757
0.285721

20-Jun-83
20-Jun-83
20-Jun-83
20-Jun-83
20-Jun-83
20-Jun-83
20-Jun-83
20-Jun-83
20-Jun-83
20-Jun-83
20-Jun-83
20-Jun-83
20-Jun-83
20-Jun-83
20-Jun-83
20-Jun-83
20-Jun-83
20-Jun-83
20-Jun-83
20-Jun-83
20-Jun-83
26-Jun-83
26-Jun-83
26-Jun-83
26-Jun-83
26-Jun-83
26-Jun-83
26-Jun-83
26-Jun-83
26-Jun-83
26-Jun-83
26-Jun-83
26-Jun-83
26-Jun-83
26-Jun-83
267-Jun-83
26-Jun-83
26-Jun-83
26-Jun-83
26-Jun-83
26-Jun-83
26-Jun-83
26-Jun-83
26-Jun-83
26-Jun-83
26-Jun-83
26-Jun-83

3-Jul-83
3-Jul-83
3-Jul-83
3-Jul-83
3-Jul-83

25-Jun-83
25-Jun-83
25-Jun-83
25-Jun-83
25-Jun-83
25-Jun-83
25-Jun-83
25-Jun-83
25-Jun-83
25-Jun-83
25-Jun-83
25-Jun-83
25-Jun-83
25-Jun-83
25-Jun-83
25-Jun-83
25-Jun-83
25-Jun-83
25-Jun-83
25-Jun-83
25-Jun-83

2-Jul-83
2-Jul-83
2-Jul-83
2-Jul-83
2-Jul-83
2-Jul-83
2-Jul-83
2-Jul-83
2-Jul-83
2-Jul-83
2-Jul-83
2-Jul-83
2-Jul-83
2-Jul-83
2-Jul-83
2-Jul-83
2-Jul-83
2-Jul-83
2-Jul-83
2-Jul-83

*2-Jul-83
2-Jul-83
2-Jul-83
2-Jul-83
2-Jul-83
2-Jul-83
9-Jul-83
9-Jul-83
9-Jul-83
9-Jul-83
9-Jul-83

43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43,
43
43
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56

3.13369
3.13369
3.13369
3.13369
3.13369
3.13369
3.13369
3.13369
3.13369
3.13369
3.13369
3.13369
3.13369
3.13369
3.13369
3. 13369
3.13369
3.13369
3.13369
3.13369
3.13369

3.179483
3.179483
3.179483
3.179483
3.179483
3.179483
3.179483
3.179483
3.179483
3.179483
3.179483
3.179483
3.179483
3.179483
3.179483
3.179483
3.179483
3.179483
3.179483
3.179483
3.179483
3.179483
3.179483
3.179483
3.179483
3.179483
3.159873
3.159873
3.159873
3.159873
3.159873

0.91 9382
0.91 9382
0.919382
0.919382
0.91 9382
0.919382
0.91 9382
0.91 9382
0.91 9382
0.91 9382
0.919382
0.91 9382
0.91 9382
0.91 9382
0.919382
0.919382
0.919382
0.91 9382
0.91 9382
0.91 9382
0.91 9382
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958



4007
4100
4109
4109
6120
6199
6208
6498
7900
8909
8913
8913

10320
10501
1.0501
10501
10504
10504
10508
10508
10800
10800
10800
10943
10943
10976
12500
18005
99799
99799
99899

4000
4001
4005
4100
4109
4109
,4109
8909
8913

10320
10501
10501
10504
10504
10508
10800
10800
10943
12512
12512
18005

1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983

27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28

0.629313
570.9165
63.52532
379.0585
0.245439
0.381474
0.129695
0.124336
0.129776
0.369338
0.126456
0.1241 87
0.500517
0.492067
19.43031
1.755586
44.93635
3.27905

17.62169
0.506061
0.121 998
0.125996
1.151684
0.124859
0.253788
0.12367

0.1201 63
1.129813
0.61 9829
40.71 092
0.121 998
0.172829
0.168228
0.34627
681.454

146.38
650.4897
0.169899
0.90074

0.182714
0.370316
21.73885
11.761 79
30.22581
5.146317
2.653331
0.1831 74
0.9051 24
0.169899
1.737462
4.272371
1.764073

0.271103
80.0958
36.9377
79.9059

0.245439
0.21635

0.129695
0.124336
0. 129776
0.209373
0.126456
0.1241 87
0.243364
0.295996
2.821 958
0.520661
8.411696
1.274687
3.921 583
0.246115
0.121 998
0.125996
0.355071
0.124859
0.177826

0.12367
0.1201 63
0.394468
0.5031 69
5.839764
0.121998
0.172829
0.168228
0.346275
76.9428

87.18286
108.3967
0.169899

0.381 79
0.182714
0.370316
4,586861
2.907004
8.040621
1.254098
1.041173
0.183174
0.527887
0.169899
0.6961 94
1.222668
0.704515

3-Jul-83
3-Jul-83
3-Jul-83
3-Jul-83
3-Jul-83
3-Jul-83
3-Jul-83
3-Jul-83
3-Jul-83
3-Jul-83
3-Jul-83
3-Jul-83
3-Jul-83
3-Jul-83
3-Jul-83
3-Jul-83
3-Jul-83
3-Jul-83
3-Jul-83
3-Jul-83
3-Jul-83
3-Jul-83
3-Jul-83
3-Jul-83
3-Jul-83
3-Jul-83
3-Jul-83
3-Jul-,83
3-Jul-83
3-Jul-83
3-Jul-83

10-Jul-83
10-Jul-83
10O-Jul-83
1 0-Jul-83
10-Jul-83
10-Jul-83
10O-Jul-83
10O-Jul-83
10O-Jul-83
10-Jul-83
10O-Jul-83
10O-Jul-83
10O-Jul-83
10-Jul-83
10O-Jul-83
10O-Jul-83
10-Jul-83
10-Jul-83
10-Jul-83
10O-Jul-83
10O-Jul-83

9-Jul-83
9-Jul-83
9-Jul-83
9-Jul-83
9-Jul-83
9-Jul-83
9-Jul-83
9-Jul-83
9-Jul-83
9-Jul-83
9-Jul-83
9-Jul-83
9-Jul-83
9-Jul-83
9-Jul-83
9-Jul-83
9-Jul-83
9-Jul-83
.9-Jul-83
9-Jul-83
9-Jul-83
9-Jul-83
9-Jul-83
9-Jul-83
9-Jul-83
9-Jul-83
9-Jul-83
9-Jul-83
9-Jul-83
9-Jul-83
9-Jul-83

16-Jul-83
16-Jul-83
16-Jul-83
16-Jul-83
16-Jul-83
16-Jul-83
16-Jul-83
16-Jul-83
16-Jul-83
16-Jul-83
16-Jul-83
16-Jul-83
16-Jul-83
16-Jul-83
16-Jul-83
16-Jul-83
16-Jul-83
16-Jul-83
16-Jul-83
16-Jul-83
16-Jul-83

56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
.56
56
56
56
56
56
56
40
40
40

*40
40
40
40
40
40
40
40
40
40
40
40
40

40
40

*40
40

3.159873
3.159873
3.159873
3.159873
3.159873
3.159873
3.159873
3.159873
3.159873
3.159873
3.159873
3.159873
3.159873
3.159873
3.159873
3.159873
3.159873
3. 159873
3.159873
3.159873
3.159873
3.159873
3.159873
3.159873
3.159873
3.159873
3.159873
3.159873
3.159873
3.159873
3.159873
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746

0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.529958
0.415607
0.415607
0.41 5607
0.41 5607
0.415607
0.41 5607
0.41 5607
0.415607
0.415607
0.415607
0.41 5607
0.41 5607
0.415607
0.415607
0.415607
.0.41 5607
0.41 5607
0.41 5607
0.415607
0.41 5607
0.41 5607



99799
99799
4000
4001
4005
4100
4109
4109
4109
4109
8909
8913

10320
10501
10501
10504
10504
10508
12500
12500
12500
12512
12512
18005
99799
99799
4000
4001
4005
4100
4100
4109
4109
4109
4109
8720
8909
8913

10320
10501
10504
10800
12500
12500
12500
12512
12512
16814
17818
18005
18005
99799

1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1 983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983

28
28
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30

1.997662
22.35457
0.685103
1.160885
0.67018

1031 .926
631.0982
0.826962

.707.78
1.325834
0.341927
0.175254
0.859543
2.174071
3.855216
2.323932
2.352256
0.162608
2.51 0373
.0.81461

0.168694
6.98302

24.05693
0.99422

5.443504
23.481 56
0.842557
4.239024
1.118641
843.3926
0.822806
726.7085
6.291 969
827.8663
7.635625
0.152549
0.292352
0.145146
3.694526
1.000227
0.984034
0.145407
0.717285
0.430737
0.139463
9.31 8584
23.19416
0.57715

0.138983
0.145757
16.48433
7.148207

0.938743
3.283323
0.330138
0.466551
0.397672
92.24899
249.7934
0.826962
119.5114
0.677228
0.238905
0.175254
0.445912
0.989326

1.05334
0.70231

0.865981
0.162608
1.092643
0.41 6971
0.168694
2.273395
4.169295
0.559621

2.21 626
4.855498
0.516689
0.931 248
0.98067

81 .74899
0.689522
127.1495
3.259603
73.70025

2.43864
0.152549
0.204819
0.145146
0.637686
0.406221
0.398428
0.145407
0.369655
0.2143397
0.139463
1.81 7022
3.984906
0.279243
0.138983
0.145757
5.633328
3.948963

10O-Jul-83
10O-Jul-83
18-Jul-83
18-Jul-83
18-Jul-83
18-Jul-83
18-Jul-83
18-Jul-83
18-Jul-83
18-Jul-83
18-Jul-83
18-Jul-83
18-Jul-83
18-Jul-83
18-Jul-83
18-Jul-83
18-Jul-83
18-Jul-83
18-Jul-83
18-Jul-83
18-Jul-83
18-Jul-83
18-Jul-83
18-Jul-83
18-Jul-83
18-Jul-83
24-Jul-83
24-Jul-83
24-Jul-83
24-Jul-83
24-Jul-83
24-Jul-83
24-Jul-83
24-Jul-83
24-Jul-83
24-Jul-83
24-Jul-83
24-Jul-83
24-Jul-83
24-Jul-83
24-Jul-83
24-Jul-83
24-Jul-83
24-Jul-83
24-Jul-83
24-Jul-83
24-Jul-83
24-Jul-83
24-Jul-83
24-Jul-83
24-Jul-83
24-Jul-83

16-Jul-83
16-Jul-83
23-Jul-83
23-Jul-83
23-Jul-83
23-Jul-83
23-Jul-83
23-Jul-83
23-Jul-83
23-Jul-83
23-Jul-83
23-Jul-83
23-Jul-83
23-Jul-83
23-Jul-83
23-Jul-83
23-Jul-83
23-Jul-83
23-Jul-83
23-Jul-83
23-Jul-83
23-Jul-83
23-Jul-83
23-Jul-83
23-Jul-83
23-Jul-83
30-Jul-83
30-Jul-83
30-Jul-83
30-Jul-83
30-Jul-83
30-Jul-83
30-Jul-83
30-Jul-83
30-Jul-83
30-Jul-83
30-Jul-83
30-Jul-83
30-Jul-83
30-Jul-83
30-Jul-83
30-Jul-83
30-Jul-83
30-Jul-83
30-Jul-83
30-Jul-83
30-Jul-83
30-Jul-83
30-Jul-83
30-Jul-83
30-Jul-83
30-Jul-83

40
40
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48

3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3:'1 79746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.153669
3.153669
3.153669
3.153669
3.153669
3.153669
3.153669
3.153669
3.153669
3.153669
3.153669
3.153669
3.153669
3.153669
3.153669
3.153669
3.153669
3.153669
3.153669
3.153669
3.153669
3.153669
3.153669
3.153669
3.153669
3.153669

0.415607
0.415607

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
0
0
0
0
0
0
0
0
0
0



99799
99799
4000
4001
4005
4006
4100
4100
4100
4109
4109
4109
4109
6199
8720
8909
8909
8913

10320
10501
10504
10800
12500
12500
12512
12512
18005
99799
99799
99799
99899
4000
4001
4005
4100
4100
4109
4109
4109
4109
6199
7915
8909
8913
8913

10320
10501
12500
12512
12512
18005
18005

1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983

30
30
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
.32
32
32
32

0.145757 0.145757
32.76471 3.696854
1.457054 0.451798
4.957848 1.012828
0.243019 (0.170279
0.115807 0.115807
0.123449 0.123449
1021.582 73.09153
1.890977 1.414131

31 5.871 89.37625
14.60884 11.85531
579.1862 62.5861
5.488276 1.820292
0.119747 0.119747
0.249578 0.17487
0.249282 0.174664
0.244681 0.171 476
0.739574 0.337757
1.958277 0.712584
0.589332 0.30377
0.116652 0.116652
0.123083 0.123083
0.357341 0.202552
0.726308 0.282825
2.032537 0.633569
21 .26647 3.66554
35.05263 6.136849
7.671222 3.325504
0.117179 0.117179,
38.55744 10.89351
0.125539 0.125539
0.447079 0.25222
0.294374 0.205862
0.301893 0.211041
438.6097 77.9449
3.198443 1.497565
82.33898 20.54927
5.499908 2.75002
368.6881 52.42257
4.709885 1.459535
0.156321 0.156321
0.448215 0.252946
0.306175 0.214063
0.147825 0.147825
0.145658 0.145658
1.788941 0.447597
0.8181194 0.338774
2.868371 1.16257
0.305363 0.21 366
21.85627 3.215457
0.150231 0.150231
6.625099 1.220138

24-Jul-83
24-Jul-83
31-Jul-83
31-Jul-83
31 -Jul-83
31 -Jul-83
31 -Jul-83
31 -Jul-83
31 -Jul-83
31 -Jul-83
31 -Jul-83
31 -Jul-83
31 -Jul-83
31 -Jul-83
31 -Jul-83
31-Jul-83
31 -Jul-83
31 -Jul-83
31 -Jul-83
31 -Jul-83
31 -Jul-83
31 -Jul-83
31 -Jul-83
31 -Jul-83
31 -Jul-83
31 -Jul-83
31-Jul-83
31 -Jul-83
31 -Jul-83
31 -Jul-83
31 -Jul-83

30-Jul-83
30-Jul-83
6-Aug-83
6-Aug-83
6-Aug-83
6-Aug-83
6-Aug-83
6-Aug-83
6-Aug-83
6-Aug-83
6-Aug-83
6-Aug-83
6-Aug-83
6-Aug-83
6-Aug-83
6-Aug-83
6-Aug-83
6-Aug-83
6-Aug-83
6-Aug-83
6-Aug-83
6-Aug-83
6-Aug-83
6-Aug-83
6-Aug-83
6-Aug-83
6-Aug-83
6-Aug-83
6-Aug-83
6-Aug-83
6-Aug-83

48
48
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56

56
56
56
56
56
56
456
45
45
45
45
45
45
45
45
45
45
45
45
45
45

-45
45
45
45
45
45

3.153669
3.153669
3.1131 86
3.1131 86
3.1131 86
3.1131 86
3.1131 86
3.1131-86
3.1131 86
3.1131 86
3.1131l86
3.1131 86
3.1131 86
3.1131 86
3.1131 86
3.113186
3.113186
3.1131 86
3.1131 86
3.1131 86
3.1131 86
3.1131 86
3.1131 86
3.113186
3.1131 86
3.1131 86
3.1131 86
3.1131 86
3.1131 86
3.1131 86
3.113186
3.162659
3.162659
3.162659
3.162659
3.162659
3.162659
3.162659
3.162659
3.162659
3.162659
3.162659
3.162659
3.162659
3.162659
3.162659.
3.162659
3.162659
3.162659
3.162659
3.162659
3.162659

7-Aug-83 13-Aug-83
7-Aug-83 13-Aug-83
7-Aug-83 13-Aug-83
7-Aug-83 13-Aug-83
7-Aug-83 13-Aug-83
7-Aug-83 13-Aug-83
7-Aug-83 13-Aug-83
7-Aug-83 13-Aug-83
7-Aug-83 13-Aug-83
7-Aug-83 13-Aug-83
7-Aug-83 13-Aug-83
7-Aug-83 13-Aug-83
7-Aug-83 13-Aug-83
7-Aug-83 13-Aug-83
7-Aug-83 13-Aug-83
7-Aug-83 13-Aug-83
7-Aug-83 13-Aug-83
7-Aug-83 13-Aug-83
7-Aug-83 13-Aug-83
7-Aug-83 13-Aug-83
7-Aug-83 13-Aug-83



99799 5 1983 32 0.596505 0.471229 7-Aug-83 13-Aug-83 45 3.162659 0
99799 9 1983 32 24.05572 3.339813 7-Aug-83 13-Aug-83 45 3.162659 0

4100 3 1983 33 181.1271 41.22208 14-Aug-83 14-Aug-83 4 3.179746 0
4100 5 1983 33 3.350982 3.350982 14-Aug-83 14-Aug-83 4 3.179746 0
4109 0 1983 33 3.350982 3.350982 14-Aug-83 14-Aug-83 4 3.179746 0
4109 3 1983 33 354.2204 153.3337 14-Aug-83 14-Aug-83 4 3.179746 0
4109 5 1983 33 26.08183 14.91761 14-Aug-83 14-Aug-83 4 3.179746 0
6199 0 1983 33 1.732406 1.732406 14-Aug-83 14-Aug-83 4 3.179746 0
8909 3 1983 33 1.732406 1.732406 14-Aug-83 14-Aug-83 4 3.179746 0

10320 5 1983 33 1.603407 1.603407 14-Aug-83 14-Aug-83 4 3.179746 0
10501 5 1983 33 1.628558 1.628558 14-Aug-83 14-Aug-83 4 3.179746 0
12512 3 1983 33 1.675491 1.675491 14-Aug-83 14-Aug-83 4 3.179746 0
12512 5 1983 33 12.99658 6.921117 14-Aug-83 14-Aug-83 4 3.179746 0
18005 3 1983 33 5.09337 3.300812 14-Aug-83 14-Aug-83 4 3.179746 0
99799 5 1983 33 1.732406 1.732406 14-Aug-83 14-Aug-83 4 3.179746 0
99799 9 1983 33 9.767981 4.180493 1.4-Aug-83 14-Aug-83 4 3.179746 0

3001 5 1984 18 2.550165 1.057766 3-May-84 5-May-84 19 2.068128 2.131671
4000 1 1984 18 0.325193 0.325193 3-May-84 5-May-84 19 2.068128 2.131671
4000 3 1984 18 1.329237 0.776355 3-May-84 5-May-84 19 2.068128 2.131671
4007 0 1984 18 3.247522 1.2043 3-May-84 5-May-84 19 2.068128 2.131671
4007 3 1984 18 3.272969 1.287581 3-May-84 5-May-84 19 2.068128 2.131671
7915 3 1984 18 24.34359 24.34359 3-May-84 5-May-84 19 2.068128 2.131671
7915 5 1984 18 80.92718 32.25716 3-May-84 5-May-84 19 2.068128 2.131671

10501 0 1984 18 0.38951 0.38951 3-May-84 5-May-84 19 2.068128 2.131671
10501 9 1984 18 0.629571 0.432674 3-May-84 5-May-84 19 2.068128 2.131671
10504 0 1984 18 0.320995 0.320995 3-May-84 5-May-84 19 2.068128 2.131671
10508 3 1984 18 0.333369 0.333369 3-May-84 5-May-84 19 2.068128 2.131671
10900 3 1984 18 0.653592 0.653592 3-May-84 5-May-84 19 2.068128 2.131671
10900 9 1984 18 3.209674 1.081399 3-May-84 5-May-84 19 2.068128 2.131671
10943 3 1984 18 0.612345 0.612345 3-May-84 5-May-84 19 2.068128 2.131671
10976 1 1984 18 0.329503 0.329503 3-May-84 5-May-84 19 2.068128 2.131671
10976 3 1984 18 3.887518 1.399712 3-May-84 5-May-84 19 2.068128 2.131671
17826 3 1984 18 0.332997 0.332997 3-May-84 5-May-84 19 2.068128 2.131671
18005 5 1984 18 0.327514 0.327514 3-May-84 5-May-84 19 2.068128 2.131,671
99799 3 1984 18 0.65199 0.448039 3-May-84 5-May-84 19 2.068128 2.131671
99799 9 1984 18 1.301869 0.594433 3-May-84 5-May-84 19 2.068128 2.131671
99899 0 1984 18 0.306172 0.306172 3-May-84 5-May-84 19 2.068128 2.131671

3001 5 1984 19 1.755139 0.487227 6-May-84 12-May-84 56 2.649263 2.700786
4000 1 1984 19 2.199923 0.637292 6-May-84 12-May-84 56 2.649263 2.700786
4000 3 1984 19 2.113909 0.632919 6-May-84 12-May-84 56 2.649263 2.700786
4000 9 1984 19 0.112918 0.112918 6-May-84 12-May-84 56 2.649263 2.700786
4001 5 1984 19 0.115429 0.115429 6-May-84 12-May-84 56 2.649263 2.700786
4007 0 1984 19 0.772218 0.394755 6-May-84 12-May-84 56 2.649263 2.700786
4007 1 1984 19 0.216599 0.151762 6-May-84 12-May-84 56 2.649263 2.700786
4007 3 1984 19 6.299368 1 .612836 6-May-84 12-May-84 56 2.649263 2.700786
7915 5 1984 19 6.738037 2.640104 6-May-84 12-May-84 56 2.649263 2.700786

10501 0 1984 19 0.890566 0.294275 6-May-84 12-May-84 56 2.649263 2.700786
10501 3 1984 19 0.110514 0.110514 6-May-84 12-May-84 56 2.649263 2.700786
10501 9 1984 19 0.114127 0.114127 6-May-84 12-May-84 56 2.649263 2.700786
10504 0 1984 19 0.227678 0.1598 6-May-84 12-May-84 56 2.649263 2.700786
10900 9 1984 19 1.002718 0.378641 6-May-84 12-May-84 56 2.649263 2.700786
10943 1 1984 19 0.109439 0.109439 6-May-84 12-May-84 56 2.649263 2.700786



10943 3 1984 19 0.329901 0.241706 6-May-84 12-May-84 56 *2.649263 2.700786
10976 3 1984 19 3.55055 0.899037 6-May-84 127-May-84 56 2.649263 2.700786
18005 5 1984 19 0.111734 0.111734 6-May-84 12-May-84 56 2.649263 2.700786
18005 9 1984 19 0.327501 0.241928 6-May-84 12-May-84 56 2.649263 2.700786
99799 9 1984 19 0.786221 0.280705 6-May-84 12-May-84 56 2.649263 2.700786
99899 0 1984 19 0.113044 0.113044 6-May-84 12-May-84 56 2.649263 2.700786

3001 5 1984 20 1.518702 0.495298 13-May-84 19-May-84 56 2.645425 3.176802
4000 1 1984 20 6.137067 1.533543 13-May-84 19-May-84 56 2.645425 3.176802
4000 3 1984 20 11.82362 1.859691 13-May-84 19-May-84 56 2.645425 3.176802
4006 0 1984 20 0.115495 0.115495 13-May-84 19-May-84 56 2.645425 3.176802
4006 3 1984 20 2.878683 0.99452 13-May-84 19-May-84 56 2.645425 3.176802
4007 0 1984 20 1.38626 0.872939 13-May-84 19-May-84 56 2.645425 3.176802
4007 1 1984 20 0.112981 0.112981 13-May-84 19-May-84 56 2.645425 3.176802
4007 3 1984 20 29.06938 4.168482 13-May-84 19-May-84 56 2.645425 3.176802
4007 5 1984 20 0.235262 0.164952 13-May-84 19-May-84 56 2.645425 3.176802
7915 5 1984 20 1.602001 0.521015 13-May-84 19-May-84 56, 2.645425 3.176802
8720 0 1984 20 0.11445 -0.11445 13-May-84 19-May-84 56 2.645425 3.176802

10501 0 1984 20 3.307357 1.037676 13-May-84 19-May-84 56 2.645425 3.176802
10501 1 1984 20 0.475207 0.231218 13-May-84 19-May-84 56 2.645425 3.176802
10501 3 1984 20 8.146482 1.955443 13-May-84 19-May-84 56 2.645425 3.176802
10504 0 1984 20 4.62143 1.358063 13-May-84 19-May-84 56 2.645425 3.176802
10504 1 1984 20 0.814979 0.373188 13-May-84 19-May-84 56 2.645425 3.176802
10504 3 1984 20 0.114644 0.114644 13-May-84 19-May-84 56 2.645425 3.176802
10508 9 1984 20 3.514559 1.27662 13-May-84 19-May-84 56 2.645425 3.176802
10900 3 1984 20 0.347961 0.197236 13-May-84 19-May-84 56 2.645425 3.176802
10900 9 1984 20 3.561984 0.760697 13-May-84 19-May-84 56 2.645425 3*. 176802
10943 1 1984 20 3.685565 0.974601 13-May-84 19-May-84 56 2.645425 3.17680 .2
10943 3 1984 20 1.399421 0.431514 13-May-84 19-May-84 56 2.645425 3.176802
10976 1 1984 20 0.346815 0.19658 13-May-84 19-May-84 56 2.645425 3.176802
10976 3 1984 20 8.655311 1.306765 13-May-84 19-May-84 56 2.645425 3.176802
18005 5 1984 20 0.22787 0.159657 13-May-84 19-May-84 56 2.645425 3.176802
18005 9 1984 20 0.117301 0.117301 13-May-84 19-May-84 56 2.645425 3.176802
99799 9 1984 20 ~3.287485 0.601503 13-May-84 19-May-84 56 2.645425 3.176802
99899 0 1984 20 0.124286 0.124286 13-May-84 19-May-84 56 2.645425 3.176802

3001 5 1984 21 0.827664 0.295413 20-May-84 26-May-84 56 2.730071 3.178274
4000 0 1984 21 0.238471 0.238471 20-May-84 26-May-84 56 2.730071 3.178274
4000 1 1984- 21 12.00046 1.985982 20-May-84 26-May-84 56 2.730071 3.178274
4000 3 1984 21 32.415765 4.894675 20-May-84 26-May-84 56 2.730071 3.178274
4000 5 1984 21 0.119588 0.119588 20-May-84 26-May-84 56 2.730071 3.178274
4006 0 1984 21 0.723522 0.408319 20-May-84 26-May-84 56 2.730071 3.178274
4006 3 1984 21 1.932138 0.68357 20-May-84 26-May-84 56 2.730071 3.178274
4007 0 1984 21 3.840301 1.067444 20-May-84 26-May-84 56 2.730071 3.178274
4007 3 1984 21 100.8345 15.54954 20-May-84 26-May-84 56 2.730071 3.178274
4007 5 1984 21 1.544968 0.556349 20-May-84 26-May-84 56 2.730071 3.178274
4406 3 1984 21 7.671807 1.80497 20-May-84 26-May-84 56 2.730071 3.178274
6199 3 1984 21 0.241413 0.169198 20-May-84 26-May-84 56 2.730071 3.178274
7915 5 1984 21 2.099452 0.755837 20-May-84 26-May-84 56 2.730071 3.178274

10501 0 1984 21 4.872742 1.810002 20-May-84 26-May-84 56 2.730071 3.178274
10501 1 1984 21 1.074329 0.406437 20-May-84 26-May-84 56 2.730071 3.178274
10501 3 1984 21 72.00801 9.145125 20-May-84 26-May-84 56 2.730071 3.178274
10501 9 1984 21 0.122112 0.122112 20-May-84 26-May-84 56 2.730071 3.178274
10504 0 1984 21 8.791161 2.179887 20-May-84 26-May-84 56 2.730071 3.178274



10504 1 1984 21 3.093845 0.586677 20-May-84 26-May-84 56 2.730071 3.178274
10504 3 1984 21 3.043638' 0.708066 20-May-84 26-May-84 56 2.730071 3.178274
10508 9 1984 21 7.632888 1.833412 20-May-84 26-May-84 56 2.730071 3.178274
10800 1 1984 21 0.229325 0.160697*20-May-84 26-May-84 56 2.730071 3.178274
10900 3 1984 21 0.465479 0.36392 20-May-84 26-May-84 56 2.730071 3.178274
10900 9 1984 21 1.317959 0.550809 20-May-84 26-May-84 56 2.730071 3.178274
10943 1 1984 21 7.987445 1.607127 20-May-84 26-May-84 56 2.730071 3.178274
10943 3 1984 21 1.550166 0.620844 20-May-84 26-May-84 56 2.730071 3.178274
10976 1 1984 21 0.122186 0.122186 20-May-84 26-May-84 56 2.730071 3.178274
10976 3 1984 21 6.487023 1.158441 20-May-84 26-May-84 56 2.730071 3.178274
17818 5 1984 21 0.121453 0.121453 20-May-84 26-May-84 56 2.730071 3.178274
18005 .5 1984 21 0.114837 0.114837 20-May-84 26-May-84 56 2.730071 3.178274
99799, 3 1984 21 0.113225 0. 113225 20-May-84 26-May-84 J56 2.730071 3.178274
99799 9 1984 21 2.139642 0.655793 20-May-84 26-May-84 ~ 56 2.730071 3.178274
99899 0 1984 21 0.828491 0.38202 20-May-84 26-May-84 56 2.730071 3.178274
3001 5 1984 22 0.230978 0.161809 27-May-84 2- Jun-84 55 2.628758 3.134794
4000 1 1984 22 502.8779 143.3383 27-May-84 2-Jun-84 55 2.628758 3.134794
4000 3 1984 22 430.3338 133.7289 27-May-84 2-Jun-84 55 2.628758 3.134794
4000 5 1984 22 0.110296 0. 110296 27-May-84 2-Jun-84 55 2.628758 3.134794
4005 5' 1984 22 0.105986 0.105986 27-May-84 2-Jun-84 55 2.628758 3.134794

-4006 1 1984 22 1.198588 0.569874 27-May-84 2-Jun-84 55 2.628758 3.134794
4006 3 1984 22 '154.8155 40.71624 -27-May-84 2-Jun-84 55 2.628758 3.134794
4006 5 1984, 22 0.11488 0.11488 27-May-84 2-.Jun-84 55 2.62 '8758 3.134794
4007 0 1984 22 0.753213 0.407155 27-May-84 2-Jun-84 55 2.628758 3.134794
4007 1 1984 22 7.31197 2.718423 27-May-84 2-Jun-84 55 2.628758 3.134794
4007 3 1984 22 1782.385 421.6109 27-May-84 2-Jun-84 55 2.628758 3.134794
4007 5 1984 22 0.517506 0.228423 27-May-84 2-Jun-84 55 2.628758 3.134794
4100 5 1984 22 0.243854 0. 170835 27-May-84 2-Jun-84 55 2.628758 3.134794
4109 0 1984 22 3.235234 1.978989 27-May-84 2-Jun-84 55 2.628758 3.134794
4109 3 1984 22 0.247976 0.247976 27-May-84 2-Jun-84 55 2.628758 3.134794
4109 9 1984 22 0.644143 0.327136 27-May-84 2-Jun-84 55 2.628758 3.134794
4406 1 1984 22 0.3225 0.238214 27-May-84 2-Jun-84 55 2.628758 3.134794
4406 3 1984 22 5.720743 0.910915 27-May-84 2-Jun-84 55 2.628758 3.134794
4406 9 1984 22 0.221778 0.221778 27-May-84 2-Jun-84 55 2.628758 3.134794
6199 -1 1984 22 7.241889 3.109081 27-May-84 2-Jun-84 55 2.628758 3.134794
6199 3 1984 22 6.869614 1.750274 27-May-84 2-Jun-84 55 2.628758 3.134794
6208 3 1984 22 0.647738 0.292747 27-May-84 2-Jun-84 55 2.628758 3.134794
7915 5 1984 22 1.56818 0.597093 27-May-84 2-Jun-84 55 2.628758 3.134794

10501 0 1984 22 10.32243 2.428817 27-May-84 2-Jun-84 55 2.628758 3.134794
10501 1 1984 22 9.79414 2.157527 27-May-84 2-Jun-84 55 2.628758 3.134794
10501 3 1984 22 77.14247 10.73165 27-May-84 2-Jun-84 55 2.628758 3.134794
10501 5 1984 22 0.227823 0. 159617 27-May-84 2-Jun-84 55 2.628758 3.134794
10504 0 1984 22 0.666.77 0.66677 27-May-84 2-Jun-84 55 2.628758 3.134794
10504 1 1984 22 3.053877 1. 111024 27-May-84 2-Jun-84 55 2.628758 3.134794
10504 3 1984 22 8.506704 2.830677 27-May-84 2-Jun-84 55 2.628758 3.134794
10508 1 1984 22 0.208541 0.208541 27-May-84 2-Jun-84 55 2.628758 3.134794
10508 9 1984 22 8.234871 1.868528 27-May-84/ 2-Jun-84 55 2.628758 3.134794
10800 3 1984 22 0.968578 0.426769 27-May-84 2-Jun-84 55 2.628758 3.134794
10900 9 1984 22 0.427776 0.207872 27-May-84 2-Jun-84 55 2.628758 3.134794
10943 1 1984 22 15.35816 3.390341 27-May-84 2-Jun-84 55 2.628758 3.134794
10943 3 1984 22 8.082898 2.365766 27-May-84 2-Jun-84 55 2.628758 3.134794
10976 1 1984 22 0.771251 0.470436 27-May-84 2-Jun-84 55 2.628758 3.134794



10976
18005
36250
99799
99899

3001
4000
4000
4000
4001
4006
4006
4007
4007
4007
4007
4109
4109
4109
4406
6199
6199
6199
7915

10501
10501
10501
10501
10504
10504
-10504
10508
10800
10800
10900
10943
10943
10943
10976
10976
18005
36250
99799
.99899
99899
3001
4000
4000
4006
4007
4007
4007

1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984

22 2.463816
22 0.338204
22 7166.182
22 5.309293
22 1.523376
23 0.768871
23 0.134214
23 918.8664
23 626.9749
23 0.129121
23 2.804104
23 251.0693
23 2.839755
23 1.23074
23 1930.288
23 0.393155
23 2.961963
23 0.123208
23 0.247207
23 0.401484
23 0.123208
23 14.4297
23 6.572102
23 1.278382
23 7.250949
23 2.919019
23 25.74337
23 0.126371
23 0.373526
23 0.625089
23 0.628481
23 2.04417
23 0.123405
23 0.123802
23 0.258016
23 19.39063
23 10.67587
23 0.12548
23 1.88933
23 2.260171
23 0.135949
23 56957.14
23 10.08534
23 0.771889
23 0.123802
24 1.580763
24 36.94784
24 29.31969
24 2.756175
24 4.908489
24 0.113999
24 47.47971

0.628082 27-May-84
0.191831 27-May-84
2096.119 27-May-84
1.898481 27-May-84
0.54369 27-May-84

0.440624
0.134214
181 .1448
120.8043
0.129121
1.538439
55.49545
0.773272
0.658845
321.5355
0.222258
1.301119
0.123208
0.172971
0.226919
0.123208
3.079982
1.593605
0.447614
1 .734385
0.837862
4.907837
0.126371
0.211132
0.31 6724

0.26918
0.695281
0.123405
0.123802
0.180687
2.103648
1.91 4999
0.12548

0.543227
0.844048
0.135949
5409.871
3.068285
0.348872
0.123802
0.487219

3-Jun-84
3-Jun-84
3-Jun-84,
3-Jun-84
3-Jun-84
3-Jun-84
3-Jun-84
3-Jun-84
3-Jun-84
3-Jun-84
3-Jun-84
3-Jun-84
3-Jun-84
3-Jun-84
3-Jun-84
3-Jun-84
3-Jun-84
3-Jun-84
3-Jun-84
3-Jun-84
3-Jun-84
3-Jun-84
3-Jun-84
3-Jun-84
3-Jun-84
3-Jun-84
3-Jun-84
3-Jun-84.
3-Jun-84
3-Jun-84
3-Jun-84
3-Jun-84
3-Jun-84
3-Jun-84
3-Jun-84
3-Jun-84
3-Jun-84
3-Jun-84
3-Jun-84
3-Jun-84

2-Jun-84
2-Jun-84
2-Jun-84
2-Jun-84
2-Jun-84
9-Jun-84
9-Jun-84
9-Jun-84
9-Jun-84
9-Jun-84
9-Jun-84
9-Jun-84
9-Jun-84
9-Jun-84
9-Jun-84
9-Jun-84
9-Jun-84
9-Jun-84
9-Jun-84
9-Jun-84
9-Jun-84
9-Jun-84
9-Jun-84
9-Jun-84
9-Jun-84
9-Jun-84
9-Jun-84
9-Jun-84
9-Jun-84
9-Jun-84
9-Jun-84
9-Jun-84
9-Jun-84
9-Jun-84
9-Jun-84
9-Jun-84
9-Jun-,84
9-Jun-84
9-Jun-84
9-Jun-84
9-Jun-84
9-Jun-84
9-Jun-84
9-Jun-84
9-Jun-84'

55
55
55
55
55
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49,
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
56
56
56
56
56
56
56

2.628758 3.134794
2.628758 3.134794
2.628758 3.134794
2.628758 3.1347914
2.628758 3.134794
0.216105 3.175856
0.216105 3.175856
0.216105 3.175856
0.216105 3.175856
0.216105 3.175856
.0.216105 3.175856
0.216105 3.175856
0.216105 3.175856
0.216105 3.175856
0.216105 3.175856
0.216105 3.175856
0.216105 3.175856
0.216105 3.175856
0.216105 3.175856
0.216105 3.175856
0.216105 .3.175856
0.216105 3.175856
0.216105 3.175856
0.216105 3.175856
0.216105 3.175856
0.216105 3.175856
0.216105 3.175856
0.216105 3.175856
0.216105 3.175856
0.216105 3. 175856
0.216105 3.175856
0.216105 3.175856
0.216105 3.175856
0.216105 3.175856
0.216105 3.175856

0.211053.175856
0.216105 3.175856
0.216105 3.175856
0.216105 -3.175856
0.216105 3.175856
0.216105 3.175856
0.216105 3.175856
0.216105 3.175856
0.216105 3.175856
0.216105 3.175856

0 3.113554
0 3.113554
0 3.113554
0 3.113554
0 3.113554
0 3.113554'
0 3.113554

10-Jun-84 16-Jun-84
12.0806 10O-Jun-84 16-Jun-84

6.821264 10O-Jun-84 16 -Jun-84
1.07047 10-Jun-84 16-Jun-84

1.125968 '10-Jun-84 16-Jun-84
0.113999 10-Jun-84 16-Jun-84
11.37965 10-Jun-84 16-Jun-84



4109 0 1984 24 14.29148 4.135283 10O-Jun-84 16-Jun-84 56 0 3.113554
4406 3 1984 24 0.712016 0.277557 10O-Jun-84 16-Jun-84 56 0 3.113554
6199 0 1984 24 0.12138 0.12138 10-Jun-84 16-Jun-84 56 0 3.113554
6199 1 1984 24 4.407901 1.156162 10-Jun-84 16-Jun-84 56 0 3.113554
6199 3 1984 24 1.728579 0.611305 10O-Jun-84 16-Jun-84 56 0 3.113554
7915 5 1984 24 4.813815 0.829509 10O-Jun-84 16-Jun-84 56 0 3.113554

10501 0 1984 24 5.763991 1.492983 10O-Jun-84 16-Jun-84 56 0 3.113554
10501 1 1984 24 1.639484 0.598607 10-Jun-84 16-Jun-84 56 0 3.113554
10501 3 1984 24 9.129336 1.733308 10-Jun-84 16-Jun-84 56 0 3.113554
10501 5 1984 24 0.112416 0.112416 10-Jun-84 16-Jun-84 56 0 3.113554
10504 1 1984 24 7.379779- 2.92473 10O-Jun-84 16-Jun-84 56 0 3.113554
10504 3 1984 24 24.32819 5.02872 10O-Jun-84 16-Jun-84 56 0 3.113554
10508 1 1984 24 0.245557 0.245557 10O-Jun-84 16-Jun-84 56 0 3.113554
10508 3 1984 24 1.524041 0.819595 10-Jun-84 16-Jun-84 56 0 3.113554
10508 9 1984 24 19.43694 3.432285 10-Jun-84 16-Jun-84 56 0 3.113554
10800 3 1984 24 0.368705 0.271255 10-Jun-84 16-Jun-84 56 0 3.113554
10900 1 1984 24 0.221633 0.221633 10O-Jun-84 16-Jun-84 56 0 3.113554
10900 9 1984 24 0.955036 0.526642 10O-Jun-84 16-Jun-84 56 0 3.113554
10943 1 1984 24 4.380254 0.968439 10O-Jun-84 16-Jun-84 56 0 3.113554
10943 3 1984 24 1.719568 0.477819 10-Jun-84 16-Jun-84 56 0 3.113554
10976 1 1984 24 0.115363 0.115363 10-Jun-84 16-Jun-84 56 0 3.113554
10976 3 1984 24 0.115297 0.115297 10-Jun-84 16-Jun-84 56 0 3.113554
18005 5 1984 24 0.12037 0.12037 10O-Jun-84 16-Jun-84 56 0 3.113554
99799 9 1984 24 5.17273 1.629588 10O-Jun-84 16-Jun-84 56 0 3.113554
99899 0 1984 24 3.742317 3.049389 10-Jun-84 16-Jun-84 56 0 3.113554
99899 1 1984 24 0.115297 0.115297 10-Jun-84 16-Jun-84 56 0 3.113554
99899 9 1984 24 0.122779 0.122779 10-Jun-84 16-Jun-84 56 0 3.113554

3001 5 1984 25 1.068217 0.404396 17-Jun-84 23-Jun-84 53 0 3.077172
4000 1 1984 25 0.481469 0.292097 17-Jun-84 23-Jun-84 53 0 3.077172
4000 3 1984 25 4.096864 0.96337 17-Jun-84 23-Jun-84 53 0 3.077172
4000 5 1984 25 0.129807 0.129807 17-Jun-84 23-Jun-84 53 0 3.077172
4007 0 1984 25 0.602495 0.312671 17-Jun-84 23-Jun-84 53 0 3.077172
4007 3 1984 25 7.286195 1.031395 .17-Jun-84 23-Jun-84 53 0 3.077172
4007 5 1984 25 0.354217 0.200709 17-Jun-84 23-Jun-84 53 0 3.077172
4100 3 1984 25 0.120587 0.120587 17-Jun-84 23-Jun-84 53 0 3.077172
4109 0 1984 25 65.1729 24.12703 17-Jun-84 23-Jun-84 53 0 3.077172
4109 3 1984 25 0.970091 0.469832 17-Jun-84 23-Jun-84 53 0 3.077172
4109 5 1984 25 0.590211 0.420209 17-Jun-84 23-Jun-84 53 0 3.077172
4406 3 1984 25 0.3783 0.28073 17-Jun-84 23-Jun-84 53 0 3.077172
4406 5 1984 25 0.494766 0.301359 17-Jun-84 23-Jun-84 53 0 3.077172
6199 1 1984 25 2.706692 0.627502 17-Jun-84 23-Jun-84 53 0 3.077172
6199 3 1984 25 0.608287 0.319798 17-Jun-84 23-Jun-84 53 0 3.077172
7915 5 1984 25 2.16472 0.590369 17-Jun-84 23-Jun-84 53 0 3.077172
8913 3 1984 25 0.116199 0.116199 17-Jun-84 23-Jun-84 53 0 3.077172

10501 0 1984 25 9.331766 3.054811 17-Jun-84 23-Jun-84 53 0 3.077172
10501 1 1984 25 3.00984 0.91017 17-Jun-84 23-Jun-84 53 0 3.077172
10501 3 1984 25 138.3683 24.94305 17-Jun-84 23-Jun-84 53 0 3.077172
10504 0 1984 25 0.115012 0.115012 17-Jun-84 23-Jun-84 53 0 3.077172
10504 1 1984 25 5.465277 1.815918 17-Jun-84 23-Jun-84 53 0 3.077172
10504 3 1984 25 427.2813 45.91867 17-Jun-84 23-Jun-84 53 0 3.077172
10508 3 1984 25 6.826193 1.891356 17-Jun-84 23-Jun-84 53 0 3.077172
10508 9 1984 25 53.32795 7.242052 17-Jun-84 23-Jun-84 53 0 3.077172



10800
10900
10943
10943
99799
99899
99899
3001
4007
4007
4100
4100
4109
4109
4109
4109
4109
4406
4 406
6199
6199
6199
7915
8909
8913

10501
10501
10501
10504
10504
10504
10508
10508
10800
10800
10800
10943
18005
18005
99799
99899
99899

31001
4007
4100
4109
4109
4109
4109
4109
6199
6199

1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984

25
25
25
25
25
25
25
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
27
27
27
27
27
27
27
27
27
27

0.360519
0.248142
2.075952
0.363054
2.167536
2.463793
1.004919
1.008722
0.120729
0.461 928

2.65603
118.6542
1020.543
54.37145
593.1578
0.675582
0.109855
0.448863
3.090791
2.781431
8.116675
0. 122779
4.128428
0.696552
0.589465
5.354638
7.662867
242.7184
14.00049
503.4242

0.85789
5.631 52

21 .71 728
0.127656
0.349911
1.220717
0.351678
0.823062
0.126539
1.358709

1.59403
0.109557
0.2351 73
0.114385
338.4172
54.48409
4.281 903
1082.487
0.5583K

1.032392
3.08698

4.527428

0.204137
0.173836
0.48647

0.205722
0.7755

0.960539
1:, 004919
0.496086
0.120729
0.272324
2.65603
21 .8425

155.8934
16,64524
116.9476
0.376966
0.109855
0.266796
0.764325
0.809845
1.475921
0. 122779
1.335839
0.316521
0.299995
2.501084
4.609491
26.78691
7.515021
53.99553
0.85789

1.870892
4.179983
0.127656
0.198722
0.394699
0.263233
0.536699
0.126539
0.5621 92
0.944024
0.109557
0.165251
0.114385

73.2986
17.47231
4.172609
226.6385
0.365068
0.359853

1.330808'

17-Jun-84 23-Jun-84.
17-Jun-84 23-Jun-84
17-Jun-84 23ýJun-84
17-Jun-84 23-Jun-84
17-Jun-84 23-Jun-84
17-Jun-84 23-Jun-84
17-Jun-84 23-Jun-84
24-Jun-84 30-Jun-84
24-Jun-84 30-Jun-84
24-Jun-84 30-Jun-84
24-Jun-84 30-Jun-84
24-Jun-84 30-Jun-84
24-Jun-84 30-Jun-84
24-Jun-84 30-Jun-84
24-Jun-84 30-Jun-84
24-Jun-84 30-Jun-84
24-Jun-84 30-Jun-84
24-Jun-84 30-Jun-84
24-Jun-84 30-Jun-84
24-Jun-84 30-Jun-84
24-Jun-84 30-Jun-84
24-Jun-84 30-Jun-84
24-Jun-84 30-Jun-84
24-Jun-84 30-Jun-84
24-Jun-84 30-Jun-84
24-Jun-84 30-Jun-84
24-Jun-84 30-Jun-84
24-Jun-84 30-Jun-84
24-Jun-84 30-Jun-84
24-Jun-84 30-Jun-84
24-Jun-84 30-Jun-84
24-Jun-84 30-Jun-84
24-Jun-84 30-Jun-84
24-Jun-84 30-Jun-84
24-Jun-84 30-Jun-84
24-Jun-84 30-Jun-84
24-Jun-84 30-Jun-84
24-Jun-84 30-Jun-84
24-Jun-84 30-Jun-84
24-Jun-84. 30-Jun-84
24-Jun-84 30-Jun-84
24-Jun-84 30-Jun-84

1-Jul-84 -7-.Jul-84
1-Jul-84 7-Jul-84
1 -Jul-84 7-Jul-84
1-Jul-84 7-Jul-84
1-Jul-84 7-Jul-84
1-Jul-84 7-Jul-84
1 -Jul-84 7-Jul-84
1 -Jul-84 7-Jul-84
1-Jul-84 7-Jul-84
1-Jul-84 7-Jul-84

53
53
53
53
53
53
53
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56

3.077172
3.0771 72
3.077172
3.077172
3.077172
3.0771 72
3.0771 72
3.128643
3.128643
3.128643
3.128643
3.128643
3.128643
3.128643
3.128643
3.128643
3.128643
3. 128643
3.128643
3.128643
3.128643
3. 128643
3.128643
3.128643
3.128643
3.128643
3.128643
3.128643
3.128643
3.128643
3.128643-
3.128643
3.128643
3.128643
3.128643
3.128643
3.128643
3.128643
3.128643
3.128643
3. 128643
3.128643
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746



7915
8909
8909
8913
8913

10501
10501
10501
10501
10504
10504
10504
10508
10508
10800
10800
10943
18005
18005
99799
3001
4007
4100
4109
4109
4109
6199
6402
6407
7915
8909
8913

10501
.10501
10501
10504
10504
10504
10508
10508
10800
99799
99899
4100
4109
4109
4109
7915
7915
8909
8913

10501

5
1
3
3
9
0

3
5
1
3
5
3
9
1
3

0
5
9
5
3
3
3
5
9
1
3
5
5
3
3
0
3
5
1
3
5
3
.9
3
3
9
3
3
5
9
0
5
3
3
3

1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984

27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
29
29
29
29
29
29
29
29
29

4.71 6614
0.188162
4.917099
1.591 047
0.108734
1.978059
0.229079
45.35845
0.567443
0.225584
344.1567
1.981843
7.61 3255
1.528013
0.304386
0.814874
0.225263
0.112855
0.250882
0.823371
0.128384
0.255737
6.623305
12.50669
0.584404
0.90969

0.469333
0.1101 53
0.119588
1.037615
0.350885
0.111182
0.120729
5.088675
0.239378
0.122112

65.3533
3.136174
8.804353
0.230063
0.354822
0.236953
0.111182
19.24244
90.44738
0.462474
0.2431 95
0.122039
0.707456
0.454206
0.110514
3.31 0928

0.748996
0.1881 62
1.704274
0.541 944
0.108734
0.797271
0.160522

6.5705
0.290529
0.158056
45.40861
0.689987
2.236862
0.658241
0.21 9357
0.335423
0.15785

0.112855
0.250882
0.41 3845
0.128384
0.179395
1.203072
2.36885

0.376099
0.338868

0.2868
0.1101 53
0.119588
0.358845
0.199081
0.111182
0.120729
1.201 543
0.168074
0.122112
10.45536
0.721953
3.464993
0.161 332
0.201211
0.166052
0.111182
3.733796
22.22162
0.279974
0.170711
0.122039
0.364193
0.221058
0.110514
0.779934

1-Jul-84
1 -Jul-84
1 -Jul-84
1 -Jul-84
1 -Jul-84
1-Jul-84
1-Jul-84
1-Jul-84
1-Jul-84
1 -Jul-84
1 -Jul-84
1 -Jul-84
1-Jul-84
1-Jul-84
1-Jul-84
1 -Jul-84
1 -Jul-84
1 -Jul-84
1 -Jul-84
1-Jul-84
8-Jul-84
8-Jul-84
8-Jul-84
8-Jul-84
8-Jul-84
8-Jul-84
8-Jul-84
8-Jul-84
8-Jul-84
8-Jul-84
8-Jul-84
8-Jul-84
8-Jul-84
8-Jul-84
8-Jul-84
8-Jul-84
8-Jul-84
8-Jul-84
8-Jul-84
8-Jul-84
8-Jul-84
8-Jul-84
8-Jul-84

15-Jul-84
15-Jul-84
15-Jul-84
15-Jul-84
15-Jul-84
15-Jul-84
15-Jul-84
15-Jul-84
ý15-Jul-84

7-Jul-84
7-Jul-84
7-Jul-84
7-Jul-84
7-Jul-84
7-Jul-84
7-Jul-84
7-Jul-84
7-Jul-84
7-Jul-84
7-Jul-84
7-Jul-84
7-Jul-84
7-Jul-84
7-Jul-84
7-Jul-84
7-Jul-84
7-Jul-84
7-Jul-84
7-Jul-84

14-Jul-84
14-Jul-84
14-Jul-84
14-Jul-84
14-Jul-84
14-Jul-84
14-Jul-84
14-Jul-84
14-Jul-84
14-Jul-84
14-Jul-84
14-Jul-84
14-Jul-84
14-Jul-84
14-Jul-84
14-Jul-84
14-Jul-84
14-Jul-84
14-Jul-84
14-Jul-84
14-Jul-84
14-Jul-84
14-Jul-84
21 -Jul1-84
21 -Jul-84
21 -Jul-84
21 -Jul-84
21 -Jul-84
21 -Jul-84
21 -Jul1-84
21-Jul-84
21-Jul-84

56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56

3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.174594
3.174594
3.174594
3.174594
3.174594
3.174594
3.174594
3.174594
3.174594
3.174594
3.174594
3.174594
3.174594
3.174594
3.174594
3.174594
3.174594
3.174594
ý3.174594
3.174594
3.174594
3.174594
3.174594
3.177275
3.177275
3.177275
3.177275
3.177275
3.177275
3.177275
3.177275
3.177275



10501
10504
10504
10508
10508
12512
12512
3001
4006
4100
4100
4109
4109
4109
4109
4109
4406
4406
6199
6199
8720
8913

10320
10501
10501
10504
10504
10800
12500
12500
12512

.12512
17110
.17830
18005
18005
99799

3001
4001
4100
4100
4109
4109
4109
4109
4109
4406
7915
8909
8913
8913

10320

1984
,1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
.1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984

29
29
29
29
29
29
29
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
31
31
31
31
31
31
31
31
31
31
31
.31
31
31
31

1.341 536
6.04323

1.943332
0.356041
0.107009
12.56936
1.462445
0.244081
0.122556
308.6632
0.339222
2946.848
3.518892
1554.294
1.148095
0.339358
0.440374

0.22073
0.232902
0.241 824
0.114127
0.335413
0.475701
0.347749
1.829932
0.457968
1.852094
0.244668
,2.546461
0.342382
51 .081 36
23.42334
0.111182
0.121 526
0.970518
15.72365
0.110999

0.58537
0.464563
270.988

0.426333
.3090.099
46.39506
1 927.696
4.561457
2.433357
1.1191 64
0.17209

1.985426
0.241 952

0.58622
0.249569

0.379747
1.054118
0.562632

0.2022
0.107009
6.806707
0.900736
0.171017
0.122556

79.0229
0.192302
571.6296
3.518892
210.7091
0.368879
0.192363
0.440374
0.154677
0.163226
0.169436
0.114127
0.1901 81
0.289254
0.197234
0.528213
0.357187
0.61 5606
0.171 427
0.806568
0.342382
8.704585
5.852099
0.11.1182
0.121 526

0.76824
6.168344
0.110999
0.252099
0.325493
37.85859
0.281104
950.8284
28.70253

286.382
1.646529
0.922382
0.464435
0.127427
0.682341
0.241952
0.252345
0.174831

15-Jul-84
15-Jul-84
15-Jul-84
15-Jul-84
15-Jul-84
15-Jul-84
15-Jul-84
22-Jul-84
22-Jul-84
22-Jul-84
22-Jul-84
22-Jul-84
22-Jul-84
22-Jul-84
22-Jul-84
22-Jul-84
22-Jul-84
22-Jul-84
22-Jul-84
22-7Jul-84
22-Jul-84
22-Jul-84
22-Jul-84
22-Jul-84
22-Jul-84
22-Jul-84
22-Jul-84
22-Jul-84
22-Jul-84
22-Jul-84
22-Jul-84
22-Jul-84
22-Jul-84
22-Jul-84
22-Jul-84
22-Jul-84
22-Jul-84
29-Jul-84
29-Jul-84
29-Jul-84
29-Jul-84
29-Jul-84
29-Jul-84
29-Jul-84
29-Jul-84
29-Jul-84
29-Jul-84
29-Jul-84
29-Jul-84
29-Jul-84
29-Jul-84
29-Jul-84

21 -Jul-84
21 -Jul-84
21 -Jul-84
21 -Jul1-84
21 -Jul-84
21 -Jul-84
21 -Jul-84
28-Jul-84
28-Jul-84
28-Jul-84
28-Jul-84
28-Jul-84
28-Jul-84
28-Jul-84
28-Jul-84
28-Jul-84
28-Jul-84
28-Jul-84
28-Jul-84
28-Jul-84
28-Jul-84
28-Jul-84
28-Jul-84
28-Jul-84
28-Jul-84
28-Jul-84
28-Jul-84
28-Jul-84
28-Jul-84
28-Jul-84
28-Jul-84
28-Jul-84
28-Jul-84
28-Jul-84
28-Jul-84
28-Jul-84
28-Jul-84
4-Aug-84
4-Aug-84
4-Aug-84
4-Aug-84
4-Aug-84
4-Aug-84
4-Aug-84
4-Aug-84
4-Aug-84
4-Aug-84
4-Aug-84
4-Aug-84
4-Aug-84
4-Aug-84
4-Aug-84

56
56
56
56
56
56
56
56
56

56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
55
ý55
55
55
55
55
55
55
5ý5
55
55
55
55
55

3.177275
.3.177275
3.177275
3.177275
3.177275
3.177275
3.177275
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
2.858354
2.858354
2.858354
2.858354
2.858354
2.858354
2.858354
2.858354
2.858354
2.858354
2.858354
2.858354
2.858354
2.858354
2.858354



10501
10504
10800
12500
12512
12512
18005
18005
99899
99899

4000
4100
4100
4109
4109
4109
4109
4109
4406
6102,
6120
7915
8909
8913

10320
10501
10504
10504
11301
12500
12512
12512
18005
3001
4006
4007
4010
4109
7915

7915
71050

10501
10504
10976

17930
99799
99899

3001
4000
4000-
4007

5-
5
3
3
3
5
1
3,

'3
5
3
5
0

3

9
5
3
5
5
3
3
5
5
3
5
5
5
3
5
3
5
0
0
3
0
3
5
9
0
0

1
3

0
5
3
5
0

1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1985
1985
1985
1985
1985
1985
1985
1985
1985
1985
1985
1985

1985
1985
1985
1985
1985
1985.

31
31
31
31
31
31
31
31
31
31
32
32
32
32
32
32
32
32
32
32
32
32:
32
32
32
32
32
32
32
32
32
32
32
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17

18
18
18

1.130818
1.047519
0.369225
5.578414
58.59598
93.79293
0.437223

.8.8779
0.A 23291
0.126701
0.114063
240.8166
0.711035
132.1814
0.345498
1126.683
4.519835
0.828001
0.24094

0.123982
0.122704
0.801419
0.830621
0.113935
0.382134
0.124515
0.115891
0.,347763
0.120945
0.112167
8.450842
61 .96545
0.71 7333

0.21585,
90.648821
5.902768
1.467719
0.211292
1.478751
58.50183
0.21 7987
0.644336.
0.204997
0.636326
1.305497
3.697771
0..2121 07
2.417278
0.328091
0.195098
0.112473

10.51 91

0.370523
0.39728

0.209236
3.249164
15.201 62
12.34537
0.383324
2.399993,
0.123291
0.126701
0.114063
29.37613
01.276908
46.11171'
0.ý345498
11i5.5911
1.91 3818
0.336524
0.168913
0.123982
0.122704
0.327552
0.29,6447
0.113935
0.216963
0.124515
0.115891
0.258936
0.120945
0.1121 67
2.2991 24
11.57469
0.329663

0.21585
0.648821
2.011999
0.645076
0.211292
0.566906
17.32175
0.217987
0.355515
0.204997
0.351178
0.7091 73
0.750249
0.212107
0.833738
0.163977
0.136711
0.112473
2.453079

29-Jul-84
29-Jul-84
29-Jul-84
29-Jul-84
29-Jul-84
29-Jul-84
29-Jul-84
29-Jul-84
29-Jul-84
29-Jul-84
5-Aug-84,
5-Aug-84
5-Aug-84
5-Aug-84
5-Aug-84
5-Aug-84
5-Aug-84
5-Aug-84
5-Aug-84
5-Aug-84
5-Aug-84
5-Aug-84
5-Aug-84
5-Aug-84
5-Aug-84
5-Aug-84
5-Aug-84
.5-Aug-84
5-Aug-84
5-Aug-84
5-Aug-84
5-Aug-84
5-Aug-84
1 -May-85
1 -May-85
1 -May-85
1 -May-85
1 -May-85
1 -May-85
1 -May-85
1 -May-85
1 -May-85
1 -May-85
1 -May-85
1 -May-85
1 -May-85
1 -May-,85
1 -May-85
5-May-85
5-May-85
5-May-85
5-May-85

4-Aug-84
4-Aug-84
4-Aug-84
4-Aug-84
4-Aug-84
4-Aug-84
4-Aug-84
4-Aug-84
4-Aug-84
4-Aug-84

11 -Aug-84
11 -Aug-84
11 -Aug-84
11 -Aug-84
11 -Aug-84
11 -Aug-84
1.1 -Aug-84
11 -Aug-84
11 -Aug-84
11 -Aug-84
11 -Aug-84
11 -Aug-84
11 -Aug-84
11 -Aug-84
11 -Aug-84
11 -Aug-84
11 -Aug-84
11 -Aug-84
11 -Aug-84
11 -Aug-84
11 -Aug-84
11 -Aug-84
11 -Aug-84
4-May-85
4-May-85
4-May-85
4-May-85
4-May-85
4-May-85
4-May-85
4-May-85
4-May-85
4-May-85,
4-May-85
4-May-85
4-May-85
4-May-85
4-May-85

1-1-May-85
11 -May-85
11 -May-85
11 -May-85

55
55
55
55
55
55
55
55
55
55
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
24
24
24
24
.24
24
24
24
24
24
24
24
24
24
24
68
68
68
68

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

1.004
1.900845
1.900845
1.900845
1.1900845
.1.900845
1.900845
1.900845
1.900845
1.900845
1.900845
1.900845
1.900845
1.900845
1.900845
1.9020845
1.902043
1.902043
1.902043

2.858354
2.858354
2.858354
2.858354
2.858354
2.858354
2.858354
2.858354
2.858354
2.858354
3.179746
.3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
3.179746
1.728534
1.728534
1.728534
1.728534
1.728534
1.728534
1 .728534
1.728534
1.728534
1.728534
1.728534
1.728534
1.728534
1.728534
1.728534
2.145459
2.145459
2.145459
2.145459



4010
4010
4109
4109
7915
7915

10501
10504
10800
10800
10900
10943
10976
10976
17818
17930
99799
99799
99899

4007
4010
4010
4109
6100
7915

10501
10501
10501
10504
10504
10504
10508
10943
10943
10976-
17930
99799
99799
99899
3001
4000
4000
4006
4007
4010
4010
4109
4109
6100
6100
6100
6100

1985
1985
1985
1985
1985
1985
1985
1985
1985
1985
1985
1985
1985
1985
1985
1985
1985
1985
1985
1985
1985
1985
1985
1985
1985
1985
1985

1985
1985
1985
1985
1985
1985
1985
1985
1985
1985
1985
1985
1985
1985
1985
1985
1985
1985
1985
1985
1985
1985
1985
1985

18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
20
20
20
20
20
20
20
20
20
20
20
20
20

0.197576
0.075254
0.204776
0.188903
98.93457
0.097075

0.45691
0.098443
0.092313
0.048828
0.062247
0.0741 36
0.401137
0.590316
0. 092663
0.738124
0.094634
0.385486
2.858999
4.527599,
0.520964
0.246606
0.26083

0.047732
42.59458
0.35837
0.049967
0.890706
0.876836
0.10378

1.386494
0.482038
0.292314
0.102008
0.095118
0.098783
0.144894
0.835511
2.602597
0.053105
2.479613
0.290992
0.046776
0.607079
0.155604
0.287481
1.962317
0.08937

0.049288
0.151578
0.149982
0.091043

0.116731 5-May-85 11 -May-85
0.054427 5-May-85 11 -May-85
0.121431 5-May-85 11 -May-85
0.188903 5-May-85 11 -May-85
14.58935 5-May-85 11 -May-85
0.097075 '5-May-85 11 -May-85
0.185168 5-May-85 11 -May-85
0.098443 5-May-85 11 -May-785
0.092313 5-May-85 11 -May-85

0.048828 -May-85 1 My8

0.048828 5-May-85 11 -May-85
0.062247 5-May-85 11 -May-85
0.058717 5-May-85 11 -May-85
0.121473 5-May-85 11 -May-85
0.0216638 5-May-85 11 -May-85
0.026374 5-May-85. 11-May-85
0.239493 5-May-85. 11 -May-85
0.094634 5-May-85 11 -May-85

1.117089 5-May-85 11 -May-85
2.04318 12-May-85 18-May-85

0.247519 12-May-85 18-May-85
0.144725 12-May-85 18-May-85
0.210781 12-May-85 18-May-85
0.047732 1 2-May-85 18-May-85
9.263455 12-May-85 18-May-85
0.179626 12-May-85 18-May-85
0.049967 12-May-85 18-May-85
0.430826 12-May-85 18-May-85
0.52888 1 12-May-85 18-May-85
0.10378 12-May-85 18-May-85

0.481 287 12-May-85 18-May-85
0.245733 12-May-85 18-May-85
0.2131 72 12-May-85 18-May-85
0.102008 12-May-85 18-May-85
0.095118 12-May-85 18-May-85
0.098783 12-May-85 18-May-85
0.106718 12-May-85 18-May-85
0.534539 12-May-85 18-May-85
1.108246 12-May-85 18-May-85
0.053105 19-May-85 25-May-85
0.757158 19-May-85 25-May-85
0.21 8758 19-May-85 25-May-85
0.046776 19-May-85 25-May-85
0.259355 19-May-85 25-May-85
0. 117849 19-May-85 25-May-85
0.163339 19-May-85 25-May-85
1.059869 19-May-85 25-May-85
0.08937 19-May-85 25-May-85

0.049288 19-May-85 25-May-85
0.111027 19-May-85 25-May-85
0.085059 19-May-85 25-May-85
0.091 043 19-May-85 25-May-85

68 1.902043
68 1.902043
68 1.902043
68 1.902043
68 1.902043
68 1.902043
68 1.902043
68 1.902043
68 1.902043
68 1.902043
68 1.902043
68 1.902043
68 1.902043
68 1.902043
68 1.902043
68 1.902043
68 1.902043
68 1.902043
68 1.902043
72 1.992399
72 1.992399
72 1.992399
72 1.992399
72 1.992399
72 1.992399
72 1.992399
72 1.992399
72 1.992399
72 1.992399
72 1.992399
72 1.992399
72 1.992399
72 1.992399
72 1.992399
72 1.992399
72 1.992399
72 1.992399
72 1 .992399
72 1.992399
72 2.268902
72 2.268902
72 2.268902
72 2.268902
72 2.268902
72 2.268902
72 2.268902
72 2.268902
72 2.268902
72 2.268902
72 2.268902
72 2.ý268902
72 2.268902

2.145459
2.145459
2.145459
2.145459
2.145459
2.145459
2.145459
2.145459
2.145459
2.145459
2.145459
2.145459
2.145459
2.145459
2.145459
2.145459
2.145459
2.145459
2.145459
2.543797
2.543797
2.543797
2.543797
2.543797
2.543797
2.543797.
2.543797
2.543797
2.543797
2.543797
2.543797
2.543797
2.543797
2.543797
2.543797
2.543797
2.543797
2.543797
2.543797
2.543797
2.543797
2.543797
2.543797
2.543797
2.543797.
2.543797
2.543797
2.543797
2.543797
2.543797
2.543797
2.543797



7915 3 1985 20 0.049402 0.049402 1 9-May-85 25-May-85 72 2.268902 2.543797
7915 5 1985 20 24.63492 6.365327 19-May-85 25-May-85 72 2.268902 2.543797
8720 0 1985 20 0.053563 0.053563 19-May-85 25-May-85 72 2.268902 2.543797

10501 0 1985 20 0.437841 0.231 868 19-May-85 25-May-85 72 2.268902 2.543797
10501 3 1985 20 31.34383 5.284432 19-May-85 25-May-85 72 2.268902 2.543797
10501 9 1985 20 0.094433 0.094433 19-May-85 25-May-85 72 2.268902 2.543797
10504 0 1985 20 0.095368 0.095368 19-May-85 25-May-85 72 2.268902 2.543797
10504 1 1985 20 3.033438 0.84245 1 9-May-85 25-May-85 72 2.268902 2.543797
10504 3 1985 20 43.93669 8.094215 19-May-85 25-May-85 72 2.268902 2.543797
10508 1 1985 20 1.'219456 1.17247 19-May-85 25-May-85 72 2.268902 2.543797
10508 3 1985 20 6.366823 2.124809 19-May-85 25-May-85 .72 2.268902 2.543797
10508 9 1985 20 16.75394 3.387962 19-May-85 25-May-85 72 2.268902. 2.543797
10943 3 1985 20 1.299516 0.359089 19-May-85 25-May-85 72 2.268902 2.543797
10976 1 1985 20 0.383609 0.268777 19-May-85 25-May-85 72 2.268902 2.543797
10976 3 1985 20 0.285955 0.145863 19-May-85 25-May-85 72 2.268902 2.543797
17930 3 1985 20 0.109973 0.109973 19-May-85 25-May-85 72 2.268902 2.543797
99799 0 1985 20 0.224908 0.134891 19-May-85 25-May-85 72 2.268902 2.543797
99799 9 1985 20 7.996616 1.893229 19-May-85 25-May-85 72 2.268902 2.543797
99899 0 1985 20 0.547536 0.206237 19-May-85 25-May-85 72 2.268902 2.543797
99899 9 1985 20 0.050243 0.050243 19-May-85 25-May-85 72 2.268902 2.543797

3502 3 1985 21 0.297185 0. 156228 26-May-85 1-Jun-85 72 2.561315 2.543797
4000 3 1985 21 4.278475 0.819332 26-May-85 1-Jun-85 72 2.561315 2.543797
4000 5 1985 21 0.115182 0.115182 26-May-85 1 -Jun-85 72 2.561315 2.543797
4000 9 1985 21 0.187354 0. 131427 26-May-85 1 -Jun-85 72 2.561315 2.543797
4007 0 1985 21 0.313898 0. 198992 26-May-85 1-Jun-85 72 2.561315 2.543797
4010 5 1985 21 0.404756 0.278053 26-May-85 1 -Jun-85 72 2.561315 2.543797
4109 0 1985 21 120.1723 34.08356 26-May-85 1 -Jun-85 72 2.561315 2.543797
4109 3 1985 21 0.049042 0.049042 26-May-85 1-Jun-85 72 2.561315 2.543797
4109 9 1985 21 0.144998 0. 104168 26-May-85 1-Jun-85 72 2.561315 2.543797
6100 3 1985 21 0.599993 0.239855 26-May-85 1 -Jun-85 72 2.561315 2.543797
6100 9 1985 21 0.049257 0.049257 26-May-85 1 -Jun-85 72 2.561315 2.543797
6102 9 1985 21 0.085114 0.085114 26-May-85 1 -Jun-85 72 2.561315 2.543797
7915 5 1985 21 6.974456 1.939883 26-May-85 1-Jun-85 72 2.561315 2.543797
8913 1 1985 21 0.093981 0.093981 26-May-85 1-Jun-85 72 2.561315 2.543797
8913 3 1985 21 0.144739 0. 106299 26-May-85 1 -Jun-85 72 2.561315 2.543797

10501 0 1985 21 0.950003 0.373915 26-May-85 1 -Jun-85 72 2.561315 2.543797
10501 1 1985 21 0.087987 0.087987 26-May-85 1-Jun-85 72 2.561315 2.543797
10501 3 1985 21 60.8714 8.007919 26-May-85 1 -Jun-85 72 2.561315 2.543797
10504 0 1985 21 0.292793 0.217188 26-May-85 1 -Jun-85 72 2.561315 2.543797
10504 1 1985 21 3.712925 1.114341 26-May-85 1-Jun-85 72 2.561315 2.543797
10504 3 1985 21 132.1235 12.3879 26-May-85 1-Jun-85 72 2.561315 2.543797
10508 3 1985 21 25.96687 5.516494 26-May-85 1 -Jun-85 72 2.561315 2.543797
10508 9, 1985 21 19.39159 3.661507 26-May-85 1 -Jun-85 72 2.561315 2.543797
10800 0 1985 21 0.052761 0.052761 26-May-85 1-Jun-85 72 2.561315 2.543797
10800 3 1985 21 0.150396 0.085502 26-May-85 1-Jun-85 72 2.561315 2.543797
10943 1 1985 .21 0.230552 0. 136634 26-May-85 1 -Jun-85 72 2.561315 2.543797
10943 3 1985 21 0.856834 0.244715 26-May-85 1-Jun-85 72 2.561315 2.543797
99799 0 1985 21 0.102802 0.072054 26-May-85 1 -Jun-85 72 2.561315 2.543797
99799 9 1985 21 26.3985 3.53264 26-May-85 1-Jun-85 72 2.561315 2.543797
99899 0 1985 21 0.275489 0. 156227 26-May-85 1 -Jun-85 72 2.561315 2.543797
3502 3 1985 22 0.085005 0.085005 2-Jun-85 8-Jun-85 70 2.731028 2.293592
3502 5 1985 22 0.089989 0.089989. 2-Jun-85 8-Jun-85 70 2.731028 2.293592



4000 3 1985 22 1.493613 0.490824 2-Jun-85 8-Jun-85 70 2.731028 2.293592
4000 9 1985 22 0.082452 0.082452 2-Jun-85 8-Jun-85 70 2.731028 2.293592
4007 0 1985 22 0.094578 0.0945 78 2-Jun-85 8-Jun-85 70 2.731028 2.293592
4010 5 1985 22 0.092218 0.092218 2-Jun-85 8-Jun-85 70 2.731028 2.293592
4010 9 1985 22 0.093456 0.093456 2-Jun-85 8-Jun-85 70 2.731028 2.293592
4109 0 1985 22 6.320252 1.808605 2-Jun-85 8-Jun-85 70 2.731028 2.293592
4109 3 1985 22 5.864013 2.188548 2-Jun-85 8-Jun-85 70 2.731028. 2.293592
6100 3 1985 22 0.528567 0.211836 2-Jun-85 8-Jun-85 70 2.731028 2.293592
7915 5 1985 22 3.202014 0.894372 2-Jun-85 8-Jun-85 70 2.731028 2.293592
8909 3 1985 22 0.094578 0.094578 2-Jun-85 8-Jun-85 70 2.731028 2.293592
8913 3 1985 22 0.136252 0.100827 2-Jun-85 8-Jun-85 70 2.731028 2.293592

10501 0 1985 22 0.357983 0.174105 2-Jun-85 8-Jun-85 70 2.731028 2.293592
10501 3 1985 22 47.48605 6.927598 2-Jun-85 8-Jun-85 70 2.731028 2.293592
10504 0 1985 22 0.251915 0.150184 2-Jun-85 8-Jun-85 70 2.731028 2.293592
10504 1 1985 22 0.257702 0.154104 2-Jun-85 8-Jun-85 70 2.731028 2.293592
10504 3 1985 22 101.5766 13.81444 2-Jun-85 8-Jun-85 70 2.731028 2.293592
10504 9 1985 22 0.336154 0.336154 2-Jun-85 8-Jun-85 70 2.731028 2.293592
10508 3 1985 22 12.23479 2.013426 2-Jun-85 8-Jun-85 70 2.731028, 2.293592
10508 9 1985 22 1.744033 0.692284 2-Jun-85 8-Jun-85 70 2.731028 2.293592
10800 0 1985 22 0.376549 0.264203 2-Jun-85 8-Jun-85 70 2.731028 2.293592
10943 3 1985 22 0.424918 0.190487 2-Jun-85 8-Jun-85 70 2.731028 2.293592
12512 5 1985 22 0.085352 0.085352 2-Jun-85 8-Jun-85 70 2.731028 2.293592
36250 9 1985 22 4077.232 616.8512 2-Jun-85 8-Jun-85 70 2.731028 2.293592
99799 9 1985 22 5.332847 1.402589 2-Jun-85 8-Jun-85 70 2.731028 2.293592
99899 0 1985 22 0.085005 0.085005 2-Jun-85 8-Jun-85 70 2.731028 2.293592
99899 3 1985 22 0.097953 0.097953 2-Jun-85 8-Jun-85 70 2.731028 2.293592
99899 9 1985 22 0.044519 0.044519 2-Jun-85 8-Jun-85 70 2.731028 2.293592
4000 3 1985 23 0.094908 0.094908 9-Jun-85 15-Jun-85 70 3.12858 0.03022
4109 0 1985 23 74.09649 22.65208 9-Jun-85 15-Jun-85 70 3.12858 0.03022
4109 3 1985 23 74.73191 15.55106 9-Jun-85 15-Jun-85 70 3.12858 0.03022
6100 0, 1985 23 0.08825 0.08825 9-Jun-85 15-Jun-85 70 3.12858 0.03022,
6100 3 1985 23 10.053636 0.053636 9-Jun-85 15-Jun-85 70 3.12858 0.03022
6102 3 1985 23 0.086582 0.086582 9-Jun-85 15-Jun-85 70 3.12858 0.03022
7915 5 1985 23 0.329382 0.165018 9-Jun-85 15-Jun-'85 70 3.12858 0.03022
8913 3 1985 23 0.288845 0.164108 9-Jun-85 15-Jun-85 70 3.12858 0.03022

10320 3 1985 23 0.09644 0.09644 9-Jun-85 15-Jun-85 70 3.12858 0.03022
10501 0 1985 23 0.368223 0.368223 9-Jun-85 15-Jun-85 70 3.12858 0.03022
10501 3 1985 23 43.46621 7.923589 9-Jun-85 15-Jun-85 70 3.12858 0.03022
10504 3 1985 23 79.20078 16.56556 9-Jun-85 15-Jun-85 70 3.12858 0.03022
10504 5 1985 23 0.09644 0.09644 9-Juh-85 15-Jun-85 70 3.12858 0.03022
10508 3 1985 23 9.84639 2.128701 9-Jun-85 15-Jun-85 70 3.12858 0.03022
10508 9 1985 23 0.475053 0.230424 9-Jun-85 15-Jun-85 70 3.12858 0.03022
10800 3 1985 23 0.302026 0.135891 9-Jun-85 15-Jun-85 70 3.12858 0.03022
10943 3 1985 23 0.23468 0.137388 9-Jun-85 15-Jun-85 70 3.12858 0.03022
10976 3 1985 23 0.134368 0.098452 9-Jun-85 15-Jun-85 70 3.12858 0.03022
12512 3 1985 23 0.09045 0.09045 9-Jun-85 15-Jun-85 70 3.12858 0.03022
12520 5 1985 23 0.09531 0.09531 9-Jun-85 15-Jun-85 70 3.12858 0.03022
36250 9 1985' 23 2709.243 561 .8933 9-Jun-85 15-Jun-85 70 3.12858 0.03022
99799 0 1985 23 0.094225 0.094225 9-Jun-85 15-'Jun-85 70 3.12858 0.03022
99799 9 1985 23 17.54141 2.775375 9-Jun-85 15-Jun-85 70 3.12858 0.03022
99899 9 1985 23 0.09531 0.09531 9-Jun-85 15-Jun-85 70 3.12858 0.03022

3001 5 1985 24 0.047283 0.047283 16-Jun-85 22-Jun-85 72 3.149936 0
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3.126067
3.126067
3.126067
3.126067
3.126067
3.126067
3.126067
3.126067
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3.1181 28
3.118128
3.1181 28
3.1181 28
3.1181 28
3.1181 28
3.1181 28
3.1181 28
3.1181 28
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3.1181 28
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3.1181 28
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3.118128
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3.095521
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3.095521
3.095521
3.095521
3.095521
3.095521
3.095521
3.095521
3.095521
3.095521
3.095521
3.095521
3.095521
3.095521
3.095521



4109 0 1985 31 6.333294 1.560243 4-Aug-85 10O-Aug-85 69 3.071389 0
4109 3 1985 31 718.228 61.17018 4-Aug-85 10O-Aug-85 69 3.071389 0
4109 5 1985 31 2.57231.8 0.686712 4-Aug-85 10O-Aug-85 69 3.071389 0
4109 9 1985 31 0.387931 0.158712 4-Aug-85 10O-Augý-85 69\ 3.071389 0
8913 3 1985 31 0.093872 0.093872 4-Aug-85 10O-Aug-85 69 3.071389 0

10320 3 1985 31 0.3636 0.167978 4-Aug-85 10O-Aug-85 69. 3.071389 0
10320 5 1985 31 2.986513 0.537814 4-Aug-85 10O-Aug-85 69 3.071389 0
10501 3 19§85 31 0.091536 0.091536 4-Aug-85 10O-Aug-85 69 3.071389 0
10501 5 1985 31 0.283966 0.207753 4-Aug-85 10O-Aug-85 69 3.071389 0
12512 3 1985 31 1.20475 0.436776 4-Aug-85 10O-Aug-85 69 3.071389 0
12512 5 1985 31 4.610409 1.300879 4-Aug-85 1 0-Aug-85. 69 3.071389 0
15999 3 1985 31 1.312584 0.491013 4-Aug-85 10O-Aug-85 69 3.071389 0
15999 5 1985 31 0.350392 0.175285 4-Aug-85 10O-Aug-85 69 3.071389 0
15999 9 1985 31 0.052642 0.052642 4-Aug-85 10O-Aug-85 69 3.071389 0
18005 3 1985 31 0.334454 0.166325 4-Aug-85 10O-Aug-85 69 3.071389 0
18005 5 1985 31 0.043888 0.043888 4-Aug-85 10O-Aug-85 69 3.071389 0
99799 9 1985 31 18.46608 5.722163 4-Aug-85 10O-Aug-85 69 3.071389 0
99899 3 1985 31 0.048146 0.048146 4-Aug-85 10O-Aug-85' 69 3.071389 0
.4109 0 1985 32 26.49488 9.642884 11 -Aug-85 11-Aug-85 8 3.008929 0
4109 3 1985 32 476.0089 107.7502 11 -Aug-85 11 -Aug-85 8 3.008929 0
4109 5 1985 32 3.233955 2.585698 11 -Aug-85 11 -Aug-85 8 3.008929 0
4109 9 1985 32 1.279722 0.837907 11 -Aug-85 11 -Aug-85 8 3.008929 0
8720 3 1985 32 0.630008 0.630008 11 -Aug-85 11I-Aug-85 8 3.008929 0

10320 5 1985 32 2.586835 1.370527. 11 -Aug-85 11 -Aug-85 8 3.008929 0
11301 5, 1985 32 0.649715 0.649715 11 -Aug-85' 11 -Aug-85 ý8 3.008929 0
18005 3 1985 32 0.634974 0.634974 11 -Aug-85 11 -Aug-85 8 3.008929 0
99799 9 1985 32- 28.63363 10.40729 11 -Aug-85 11 -Aug-85 8 3.008929 0
7915 0 1986 2 0.822368 0.822368 17-Jan-86 18-Jan-86 8 0.718093 1.74129

10501 5 1986 2 3.266859 1.741539 17-Jan-86 18-Jan-86 8 0.718093 1.74129
6402 5 1986 3 0.412541 0.412541 20-.Jan-86 24-Jan-86 16 0 1.738897
7915 0 1986 3 0.822368. 0.822368 20-Jan-86 24-Jan-86 16 0 1.738897

10501 5 1986 3 0.412541 0.412541 20-Jan-86 24-Jan-86 16 0 1.738897
10501 5 1986 4 1.*321309 0.769735 26-Jan-86 1-Feb-86 20 0 1.622369
10501 5 1986 5 0.692315 0.475756 2-Feb-86 8-Feb-86 19 0 1.589873
7915 1 1986 ~ 6 0.42.7497 0.427497 10O-Feb-86 14-Feb-86 16 0 1.589295

10501 5- 1986 6 0.84631 0.84631 10O-Feb-86 14-Feb-86 16 0 1.589295
3001 5 1986 7 0.331345 0.331345 16-Feb-86 22-Feb-86 20 0 1.588822
7915 1 1986 7 2.297529 0.861739 16-Feb-86 22-Feb-86 20 0 1.588822
7915 3 1986 7 1.9851 1 .369787 16-Feb-86 22-Feb-86 20 0 1.588822
7915 9 1986 7 1.003247 '0.548006 16-Feb-86 22-Feb-86 20 0 1.588822

10501 5 1986 7 0.65703 0.452199 16-Feb-86 22-Feb-86 20 0 1.588822
99799 9 1986 7 0.331345 0.331345 16-Feb-86 22-Feb-86 20 0 1.588822
7915 1 1986 8 8.838343 1.925151 23-Feb-86 1 -Mar-86 20 0 1.5797
7915 3 1986 -8 2.642402 1.003758 23-Feb-86 1 -Mar-86 20 0 1.5797
7915 9 1986 8, 4.029419 1.467725 23-Feb-86 1 -Mar-86 20 0 1.5797

10501 5 1986 8 0.3367 0.3367 23-Feb-86 1 -Mar-86 20 0 1.5797
4406 0 1986 9 12.83881 8.041748 3-Mar-86 7-Mar-86 16 0 1.634602
7915 1 1986 9 13.87053 2.598977 3-Mar-86 7-Mar-86 16 0 1.634602
7915 3 1986 9 1.246788 0.670256 3-Mar-86 7-Mar-86 16 0 1.634602
7915 9 1986 9 10.59675 2.863126 3-Mar-86 7-Mar-86 16 0 1.634602

10501 15 - 1986 9 1.211776 0.877852 3-Mar-86 7-Mar-86 16 0 1.634602
99799 9 1986 9 0.406901 0.406901 3-Mar-86 7-Mar-86 16 0 1.634602



4406 0 1986 10 49.1781 15.12036 9-Mar-86 15-Mar-86 18 0 1.818905
7915 1 1986 10 32.48948 7.256852 9-Mar-86 15-Mar-86 18 0 1.818905
7915 3 1986 10 1.137177 0.83901 9-Mar-86 15-Mar-86 18 0 1.818905
7915 9 1986 10 9.022006 3.067649 9-Mar-86 15-Mar-86 18 0 1.818905

10501 5 1986 10 0.362161 0.362161 9-Mar-86 15-Mar-86 18 0 1.818905
4406 0 1986 11 57.46928 8.062142 16-Mar-86 22-Mar-86 20 0.583637 1.83858
7915 1 1986 11 18.75578 3.781234 16-Mar-86 22-Mar-86 20 0.583637 1.83858
7915 3 1986 11 0.993176 0.542397 16-Mar-86 22-Mar-86 20 0.583637 1.83858
7915 9 1986 11 1.645906 1.058423 16-Mar-86 22-Mar-86 20 0.583637 1.83858
8723 5 1986 11 0.330033 0.330033 16-Mar-86 22-Mar-86 20 0.583637 1.83858
3001 5 1986 12 2.081649 0.797282, 24-Mar-86 28-Mar-86 16 0.481589 1.859385
4406 0 1986 12 65.99496 24.33001 24-Mar-86 28-Mar-86 16 0.481589 1.859385
7915 1 1986 12 19.08556 4.481295 24-Mar-86 28-Mar-86 16 0.481589 1.859385
7915 3 1986 12 2.529028 1.71356 24-Mar-86 28-Mar-86 16 0.481589 1.859385
7915 9 1986 12 5.038458 1.887358 24-Mar-86 28-Mar-86 16 0.481589 1.859385

10501 5 1986 12 0.415559 0.415559 24-Mar-86 28-Mar-86 16 0.481589 1.859385
99899 0 1986 12 0.410105 0.410105 24-Mar-86 28-Mar-86 16 0.481589 1.859385

3001 5 1986 13 1.336952 0.613451 30-Mar-86 5-Apr-86 20 0.500673 1.858762
4007 0 1986 13 1.658933 0.947491 30-Mar-86 5-Apr-86 20 0.500673 1.858762
4406 0 1986 13 84.75301 17.02837 30-Mar-86 5-Apr-86 20 0.500673 1.858762
7915 1 .1986 .13 2.64647 1.118805 30-Mar-86 5-Apr-86 20 0.500673 1.858762

10501 5 1986 13 0.322997 0.322997 30-Mar-86 5-Apr-86 20 0.500673 1.858762
3001 5 1986 14 1.304163 0.763907 6-Apr-86 12-Apr-86 20 0.517077 1.874171
4406 0 1986 14 35.77872 8.806891 6-Apr-86 12-Apr-86 20 0.517077 1.874171
7915 9 1986 14 0.326797 0.326797 6-Apr-86 12-Apr-86 20 0.517077 1.874171
3001 5 1986 15 2.064715 1.314369 14-Apr-86 18-Apr-86 16 0 1.877141
3001 9 1986 15 0.407166 0.407166 14-Apr-86 18-Apr-86 16 0 1.877141
4007 0 1986 15 0.401413 0.401413 14-Apr-86 18-Apr-86 16 0 1.877141
4406 0 1986 15 6.398906 3.270918 14-Apr-86 18-Apr-86 16 0 1.877141
7915 3 1986 15 10.79418 5.632254 14-Apr-86 18-Apr-86 16 0 1.877141

10501 5 1986 15 1.231161 0.894437 14-Apr-86 18-Apr-86 16 0 1.877141
17826 3 1986 15 0.405318 0.405318 14-Apr-86 18-Apr-86 16 0 1.877141

3001 5 1986 16 1.562958 1.016527 20-Apr-86 26-Apr-86 20 0.111459 1.755906
4007 0 1986 16 1.688246 1.069464 20-Apr-86 26-Apr-86 20 0.111459 1.755906
4007 3 1986 16 0.322373 0.322373 20-Apr-86 26-Apr-86 20 0.111459 1.755906
4010 3 1986 16 1.952487 0.944447 20-Apr-86 26-Apr-86 20 0.111459 1.755906
7915 3 1986 16 27.48106 5.588982 20-Apr-86 26-Apr-86 20 0.111459 1.755906
7915 5 1986 16 1.60883 0.773603 20-Apr-86 26-Apr-86 20 0.111459 1.755906
7929 3 1986 16 0.596659 0.596659 20-Apr-86 26-Apr-86 20 0.111459 1.755906
8913 3 1986 16 0.322373 0.322373 20-Apr-86 26-Apr-86 20 0.111459 1.755906

10501 5 1986 16 0.298329 0.298329 20-Apr-86 26-Apr-86 20 0.111459 1.755906
10800 3 1986 16 0.322373 0.322373 20-Apr-86 26-Apr-86 20 0.111459 1.755906
10976 3 1986 16 0.344116 0.344116 20-Apr-86 26-Apr-86 20 0.111459 1.755906
15006 3 1986 16 0.658548 0.453245 20-Apr-86 26-Apr-86 20 0.111459 1.755906
17111 3 1986 16 0.343879 0.343879 20-Apr-86 26-Apr-86 20 0.111459 1.755906
17400 3 1986 16 0.668896 0.668896 20-Apr-86 26-Apr-86 20 0.111459 1.755906
17499 3 1986 16 0.339213 0.339213 20-Apr-86 26-Apr-86 20 0.111459 1.755906
17826 3 1986 16 0.979782 0.535889 20-Apr-86 26-Apr-86 20 0.111459 1.755906
17930 3 1986 16 0.334448 0.334448 20-Apr,86 26-Apr-86 20 0.111459 1.755906
99899 3 1986 16 1.26784 0.728181 20-Apr-86 26-Apr-86 20 0.111459 1.755906
3001 5 1986 17 0.268298 0.268298 27-Apr-86 3-May-86 32 0.37565 0.746784
4000 3 1986 17 0.835091 0.574756 1-May-86 3-May-86 20 0.37565 0.746784



4010 3 1986 17 0.216263 0.216263 27-Apr-86 3-May-86 32 0.37565 0.746784
4406 3 1986 17 0.862998 0.594027 1'-May-86 3-May-86 20 0.37565 0.746784
7915 3 1986 17 26.40751 12.07352 27-Apr-86 3-May-86 32 0.37565 0.746784

.7915 5 1986 17 7.739818 3.916276 27-Apr-86 3-May-86 32 0.37565 0.746784
10900 3 1986 17 0.408163 0.408163 1-May-86 3-May-86 20 0.37565 0.746784
10943 3 1986 17 0.432526 0.432526 1 -May-86 3-May-86 20 0.37565 0.746784
10976 3 1986 17 0.646304 0.353114 27-Apr-86 3-May-86 32 0.37565 0.746784
17499 3 1986 17 0.566508 0.566508 27-Apr-86 30-Apr-86 12 0.37565 0.746784
17818 3 1986 17 0.416667 0.416667 1 -May-86 3-May-86 20 0.37565 0.746784
17826 3 1986 17 0.478029 0.478029 27-Apr-86 3,-May-86 32 0.37565 0.746784
99799 9 1986 17 0.408163 0.408163 27-Apr-86 3-May-86 32 0.37565 0.746784

3001 5 1986 18 0.300792 0.21099 4-May-86 10-May-86 55 0.637632 0.114414
4000 3 1986 18 1.6705 0.505374 4-May-86 10-May-86 55 0.637632 0.114414
4010 3 1986 18 3.631098 0.995414 4-May-86 10-May-86 55 0.637632 0.114414
4406 3 1986 18 2.916443 0.703121 4-May-86 10-May-86 55 0.637632 0.114414
7915 3 1986 18 0.313358 0.219521 4-May-86 10-May-86 55 0.637632 0.114414
7915 5 1986 18 13.95166 4.619871 4-May-86 10O-May-86 55 0.637632 0.114414

10504 1 1986 18 0.138055 0.138055 4-May-86 10O-May-86 55 0.637632 0.114414
10900 3 1986 18 0.446069 0.252969 4-May-86 10-May-86 55 0.637632 0.114414
10943 1 1986 18 0.142827 0.142827 4-May-86 10-May-86 55 0.637632 0.114414
10943 3 1986 18 1.188938 0.450073 4-May-86 10-May-86 55 0.637632 0.114414
10976 1 1986 18 0.142827 0.142827 4-May-86 10O-May-86 55 0.637632 0.114414
10976 .3 1986 18 3.332273 0.8799 4-May-86 19-May-86 55 0.637632 0.114414
17826 3 1986 18 0.751251 0.385181 4-May-86 10-May-86 55 0.637632 0.114414
17930 3 1986 18 0.428089 0.242621 4-May-86 10-May-86 55 0.637632 0.114414
99799 9 1,986 18 4.385386 0.987468 4-May-86 10O-May-86 55 0.637632 0.114414
99899 3 1986 18 0.303536 0.303536 4-May-86 10-May-86 55 0.637632 0.114414
3502 3 1986. 19 0.098039 0.098039 11 -May-86 17-May-86 55 0.810972 0.283968
4000. 3 1986 19 1.902034 0.495572 11 -May-86 17-May-86 55 0.810972 0.283968
4010 3 1986 19 7.862459 1.794996 11 -May-86 17-May-86 55 0.810972 0.283968
4406 3 1986 19 1 .593928 0.59383 11 -May-86 17-May-86 55 0.810972 0.283968
791 51 5 1986 19 0.449663 0.26389 11 -May-86 17-May-86 55 0.810972 0.283968

10501 1 1986 19' 0.189998 0. 189998 11 -May-86 17-May-86 55 0.810972 0.283968
10501 3 1986 19 2.246052 0.752607 11 -May-86 17-May-86 55 0.810972 0.283968
10504 0 1986 19 0.860767 0.601602 11 -May-86 17-May-86 55 0.810972 0.283968
10504 1 1986 19 0.743787 0.333921 11 -May-86 17-May-86 55 0.810972 0.283968
10508 9 1986 119 0.163671 0.163671 11 -May-86 17-May-86 55 0.810972 0.283968
10900 3 1986 19 0.152709 0. 152709 11 -May-86 17-May-86 55 0.810972 10.283968
10943 1 1986 19 0.326799 0.22876 11 -May-86 17-May-86 55 0.810972 0.283968
10943 3 1986 '19 0.039967 0.039967 11 -May-86 17-May-86 55 0.810972 0.283968
10976 3 1986 19 1.071749 0.467961 11 -May-86 17-May-86 55 0.810972 0.283968
12520 3 1986 19 0.379997 0.379997 11 -May-86 17-May-86, 55 0.810972 0.283968
17826 3 1986 19 0.160195 0.160195 11-May-86 17-May-86 55 0.810972 0.283968
17930 3 1986 19 0.272686 0.182185 11-May-86 17-May-86 55 0.810972 0.283968
99799 9 1986 19 1.013513 0.371319 11 -May-86 17-May-86 55 0.810972 0.283968
99899 0 1986 19 1.790849 0.851457 11-May-86r 17-May-86 55 0.810972 0.283968
99899 3 1986 19 0.195883 0.195883 11-May-86 17-May-86 55 0.810972 0.283968

3001 5 1986 20 0.062251 0.062251 18-May-86 24-May-86 137 1 .586981 1.717252
4000 3 1986 20 8.045529 3.847146 18-May-86 24-May-86 137 1.586981 1.717252
4000 9 1986 20 0.123153 0.123153 18.-May-86 24-May-86 137 1.586981 1.717252
4007 0 1986 20 0. 122002 0.085739 18-May-86 24-May-86 137 1.586981 1.717252
4010 3 1986 20 4.487021 1.207116 18-May-86 24-May-86 137 1.586981 1.717252



4010 5 1986 20 0.062375 0.062375 18-May-86 24-May-86 137 1.586981 1.717252
4109 0 1986 20 0.062251 0.062251 18-May-86 24-May-86 137 1.586981 1.717252
4406 3 1986 20 2.638026 0.612139 18-May-86 24-May-86 137 1.586981 1.717252
6100 1 1986 20 0.245419 0.149792 18-May-86 24-May-86 137 1.586981 1.717252
6100 3 1986 20 1.528878 0.640882 18-May-86 24-May-86 137 1.586981 1.717252
7915 5 1986 20 19.81027 4.694788 18-May-86 24-May-86 137 1.586981 1.717252
8912 3 1986 20 0.058907 0.058907 18-May-86 24-May-86 137 1.586981 1.717252
9904 5 1986 20 0.121792 0.085601 18-May-86 24-May-86 137 1.586981 1.717252

10501 0 1986 20 0.121837 0.085628 18-May-86 24-May-86 137 1.586981 1.717252
10501 1 1986 20 1.980226 0.463534 18-May-86 24-May-86 137 1.586981 1.717252
10501 3 1986 20 65.12651 15.42965 18-May-86 24-May-86 137 1.586981 1.717252
10501 9 1986 20 0.062438 0.062438 18-May-86 24-May-86 137 1.586981 1.717252
10504 0 1986 20 0.80241* 0.311205 18-May-86 24-May-86 137 1.586981 1.717252
10504 1 1986 20 8.003524 1.94467 18-May-86 24-May-86 137 1.586981 1.717252
10504 3 1986 20 28.51052 8.015161 18-May-86 24-May-86 137 1.586981 1.717252
10504 9 1986 20 0.679105 0.315353 18-May-86 24-May-86 137 1.586981 1.717252
10508 1 1986 20 0.183598 0.136498 18-May-86 24-May-86 137 1.586981 1.717252
10508 3 1986 20 1.209309 0.468423 18-May-86 24-May-86 137 1.586981 1.717252
10508 9 1986 20 2.100328 0.957335 18-May-86 24-May-86 137 1.586981 1.717252
10900 1 1986 20 0.062251 0.062251 18-May-86 24-May-86 137 1.586981 1.717252
10943 1 1986 20 1.666267 0.464561 18-May-86 24-May-86 137 1.586981 1.717252
10943 3 1986 20 1.164754 0.527174 18-May-86 24-May-86 137 1.586981 1.717252
10976 1 1986 20 0.183284 0.183284 18-May-86 24-May-86 137 1.586981 1.717252
10976 3 1986 20 0.185961 0.138203 18-May-86 24-May-86 137 1.586981 1.717252
17826 3 1986 20 0.061943 0.061943 18-May-86 24-May-86 137 1.586981 1.717252
17930 3 1986 20 0.0625 0.0625 18-May-86 24-May-86 137 1.586981 1.717252
99799 0 1986 20 0.248525 0.174623 18-May-86 24-May-86 137 1.586981 1.717252
99799 9 1986 20 1.276601 0.580043 18-May-86 24-May-86 137 1.586981 1.717252
99899 0 .1986 20 2.339182 0.971827 18-May-86 24-May-86 137 1.586981 1.717252
99899 9 1986 20 0.246427 0.173144 18-May-86 24-May-86 137 1.586981 1.717252

3001 5 1986 21 0.062375 0.062375 25-May-86 31-May-86 126 2.194088 1.560869
4000 3 1986 21 705.9426 75.77483 25-May-86 31-May-86 126 2.194088 1.560869
4000 9 1986 21 0.124502 0.124502 25-May-86 31-May-86 126 2.194088 1.560869
4006 3 1986 21 0.56088 0.396516 25-May-86 31 -May-86 126 2.194088 1.560869
4010 3 1986 21 0.376203 0. 173226 25-May-86 31 -May-86 126 2.194088 1.560869
4010 5 1986 21 0.623318 0.240838 25-May-86 31-May-86 126 2.194088 1.560869
4109 0 1986 21 0.062313 0.062313 25-May-86 31-May-86 126 2.194088 1.560869
4109 3 1986 21 0.124875 0.124875 25-May-86 31-May-86 126, 2.194088 1.560869
4406 3 1986 21 18.32758 2.754193 25-May-86 31 -May-86 126 2.194088 1.560869
6100 1 1986 21 0.619464 0.354944 25-May-86 31-May-86 126 2.194088 1.560869
6100 3 1986 21 3.090669 0.733169 25-May-86 31 -May-86 126 2.194088 1.560869
6100 9 1986 21 0.492175 0. 186538 25-May-86 31 -May-86 126 2.194088 1.560869
6103 3 1986 21 0.125 0.125 25-May-86 31-May-86 126 2.194088 1.560869
7915 5 1986 21 4.297618 1.410621 25-May-86 31-May-86 126 2.194088 1.560869
8913 3 1986 21 0.062375 0.062375 25-May-86 31 -May-86 126 2.194088 1.560869
9901 3 1986 21 0.062438 0.062438 25-May-86 31-May-86 126 2.194088 1.560869

10501 0 1986 21 0.0625 0.0625 25-May-86 31-May-86 126 2.194088 1.560869
10501 1 1986 21 2.043255 0.653447 25-May-86 31 -May-86 126 2.194088 1.560869
10501 3 1986 21 754.4523 60.46331 25-May-86 31-May-86 126 2.194088 1.560869
10501 9 1986 21 0.370079 0.191923 25-May-86 31-May-86 126 2.194088 1.560869
10504 0 1986 21 0.434609 0.201162 25-May-86 31-May-86 126 2.194088 1.560869
10504 1 1986 21 67.51543 8.115677 25-May-86 31 -May-86 126 2.194088 1.560869



10504 3 1986 21 538.902 43.82868 25-May-86 31 -May-86 126 2.194088 1.560869
10504 9 1986 21 4.708421 1.096723 25-May-86 31 -May-86 126 2.194088 1.560869
10508 0 1986 21 0.062313 0.062313 25-May-86 31 -May-86 126 2.194088 1.560869
10508 1 1986 21 0.185894 0. 138059 25-May-86 31 -May-86 126 2.194088 1.560869
10508 3 1986 21 50.02404 8.988724 25-May-86 31 -May-86 126 2.194088 1.560869
10508 9 .1986 21 54.85527 8.282383 25-May-86 31-May-86 126 2.194088 1.560869
10900 1 1986 21 0.124626 0. 124626 25-May-86 31 -May-86 -126 2.194088 1.560869
10900 3 1986 21 0.114784 0. 114784 25-May-86 31 -May-86 126 2.194088 1.560869
10943 1 1986 21 0.809556 0.325016 25-May-86 31-May-86 126 2.194088 1.560869
10943 3 1986 21 4.160054 0.681109 25-May-86 31-May-86 126 -2.194088 1.560869
12500 9 1986 21 0.062375 0.062375 25-May-86 31-May-86 126 2.194088 1.560869
99799 0 1986 21 0.125 0.125 25-May-86 31 -May-86 126 2.194088 1.560869
99799 9 1986 21 117.617 16.52483 25-May-86 31 -May-86 126 2.194088 1.560869
99899 0 1986 21 1.853547 0.7485 25-May-86 31 -May-86 126 2.194088 1.560869
99899 1 1986 21 0.247782 0.1741 25-May-86 31-May-86 126 2.194088 1.560869
4000 3 1986 22 500.9185 86.65276 1 -Jun-86 7-Jun-86 137 1.341844 1.67525
4001 5 1986 22 .0.126685 0.126685 1 -Jun-86 7-Jun-86 137 1.341844 1.67525
4006 3 1986 22 1.399242 0.460438 1-Jun-86 7-Jun-86 137 1.341844 1.67525
4006 5 1986 22 0.031797 0.031797 1-Jun-86 7-Jun-86 137 1.341844 1.67525
4010 5 1986 22 0.638427 0.278456 1 -Jun-86 7-Jun-86 137 1.341844 1.67525
4109 0 1986 22 0.127253 0.089396 1 -Jun-86 7-Jun-86 137 1.341844 1.67525
4109 3 1986 22 0.063975 0.063975 1-Jun-86 7-Jun-86 137 1.341844 1.67525
4406 3 1986 22 13.26684 2.351945 1-Jun-86 7-Jun-86 137 1 .341844 1.67525
4406 5 1986 22 0.063218 0.063218 1-Jun-86 7-Jun-86 137 1.341844 1.67525
4406 9 1986 22 0.127192 0.089354 1 -Jun-86 7-Jun-86 137 1.341844 1.67525
6100 0 1986 22 1.086049 0.647151 1 -Jun-86 7-Jun-86 137 1.341844 1.67525
6100 1 1986 22 0.189653 0.189653 1 -Jun-86 7-Jun-86 137 1.341844 1.67525
6100 3 1986 22 2.421487 0.606028 1-Jun-86 7-Jun-86 137 1.341844 1.67525
6100 9 1986 22 1.370266 0.509874 1-Jun-86 7-Jun-86 137 1.341844 1.67525
6102 3 1986 22 0.318349 0.22812 1 -Jun-86 7-Jun-86 137 1.341 844 1.67525
6103 1 1986 22 0.478986 0.208573 1-Jun,-86 7-Jun-86 137 1.341844 1.67525
6103 3 1986 22 0.925928 0.284474 1-Jun-86 7-Jun-86 137 1.341844 1.67525
6200 0 1986 22 0.127949 0.127949 1-Jun-86 7-Jun-86 137 1.341844 1.67525
7915 5 1986 22 1.215343 0.377728 '1 -Jun-86 7-Jun-86 137 1 .341844 1.67525
8913. 3 1986 .22 0.191351 0.14194 1 -Jun-86 7-Jun-86 137 1.341844 1.67525

10501 1 1986 22 1.527823 0.515252 1-Jun-86 7-Jun-86 137 1.341844 1.67525
10501 3 1986 22 409.6911 39.85818 1-Jun-86 7-Jun-86 137 1.341844 1.67525
10504 0 1986 22 0.31835 0.188688 1-Jun-86 7-Jun-86 137 1.341844 1.67525
10504 1 1986 22 9.164723 2.698737, 1 -Jun-86 7-Jun-86 137 1.341844 1.67525
10504 3 1986 22 692.4895 62.07388 1 -Jun-86 7-Jun-86 137 1.341844 1.67525
10504 9 1986 22 0.063594 0.063594 1 -Jun-86 7-Jun-86 137 1.341844 1.67525
10508 1 1986 22 0.031797 0.031797 1-Jun-86 7-Jun-86 137. 1.341844 1.67525
10508 3 1986 22 35.49785 5.438103 1-Jun-86 7-Jun-86 137 1.341844 1.67525
10508 9 1986 22 6.9162691 1.674392 1 -Jun-86 7-Jun-86 137 1.341844 1.67525
10800 3 1986 22 0.319619 0.166318 1-Jun-86 7-Jun-86 137 1.341844 1.67525
10943 1 1986 22 0.286681 0.202459 1 -Jun-86 7-Jun-86 137 1.341844 1.67525
10943 3 1986 22 2.746697 1.141773 1 -Jun-86 7-Jun-86 137 1.341844 1.67525
10976 1 1986 22 0.064103 0.064103 1 -Jun-86 7-Jun-86 137 1.341844 1.67525
99799 0 1986 22 0.381978 0.284038- 1 -Jun-86 7-Jun-86 137 1.341844 1.67525
99799 9 1986 22 10.25586 2.444422 1-Jun-86 7-Jun-86 137 1.341844 1.67525
99899 0 1986 22 1.1174 0.441895 1-Jun-86 7-Jun-86 137 1.341844 1.67525

3001 5 1986 23 0.059051 0.059051 8-Jun-86 14-Jun-86 141 2.750596 1.840236
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0.36295
0.120983
0.666797
0.060552
0.11863.

0.121829
0.'121103
77.08831
4.653801
0.425918
62.70544
1.640824
2.656555
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0.121951 15-Jun-86
0.36295 15-Jun-86

0.120983 15-Jun-86
0.269513 15-Jun-86
0.060552 15-Jun-86
0.11863 15-Jun-86

0.121829 15-Jun-86
0.121103 15-Jun-86
9.327557 15-Jun-86
1.534808 15-Jun-86
0.232416 15-Jun-86
8.747682 15-Jun-86

0.58019 15-Jun-86
0.672672 15-Jun-86
0.138381 15-Jun-86
0.103782 15-Jun-86
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0.146983 ,15-Jun-86
0.157727
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0.121 89
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0.6441 25
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,0.060492
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4109 0 1986 26 127.5447 40.51753 29-Jun-86 5-Jul-86 154 2.960876 2.324581
4109 3 1986 26 127.843 17.27146 29-Jun-86 5-Jul-86 154 2.960876 2.324581
4406 5 1986 26 0.600194 0.216012 29-Jun-86 5-Jul-86 154 2.960876 2.324581
6100 0 1986 26 0.240184 0.145642 29-Jun-86 5-Jul-86 154 2.960876 2.324581
6100 1 1986 26 0.239289 0.145037'29-Jun-86 5-Jul-86 154 2.960876 2.324581
6100 3 1986 26 0.478227 0.201552 29-Jun-86 5-Jul-86 154 2.960876 2.324581
6100 9 1986 26 0.059822 0.059822 29-Jun-86 5-Jul-86 154 2.960876 2.324581
6102 3 1986 26 0.059822 0.059822 29-Jun-86 5-Jul-86 154 2.960876 2.324581
6103 0 1986 26 0.060241 0.060241 29-Jun-86 5-Jul-86 154 2.960876 2.324581
6103 3 1986 26 0.059822 0.059822 -29-Jun-86 5-Jul-86 154 2.960876 2.324581
6200 0 1986 26 0.060061 0.060061 29-Jun-86 5-Jul-86 154 2.960876 2.324581
8504 3 1986 26 0.060121 0.060121 29-Jun-86 5-Jul-86 154 2.960876 2.324581
8720 1 1986 26 0.059882 0.059882 29-Jun-86 5-Jul-86 154 2.960876 2.324581
8720 3 1986 26 0.059822 0.059822 29-Jun-86 5-Jul-86 154 2.960876 2.324581
8913 0 1986 26 0.060061 0.060061 29-Jun-86 5-Jul-86 154 2.960876 2.324581
8913 3 1986 26 0.300127 0.130907 29-Jun-86 5-Jul-86 154 2.960876 2.324581
8913 9 1986 26 0.120182 0.084461 29-Jun-86 5-Jul-86 154 2.960876 2.324581
9901 3 1986 26 0.059822 0.059822 29-Jun-86 5-Jul-86 154 2.960876 2.324581

10501 1 1986 26 0.060241 0.060241 29-Jun-86 5-Jul-86 154 2.960876 2.324581
10501 3 1986 26 9.95093 1.019056 29-Jun-86 5-Jul-86 154 2.960876 2.324581
10501 5 1986 26 3.357567 0.597545 29-Jun-86 5-Jul-86 154 2.960876 2.324581
10504 1 1986 26 0.359709 0.142303 29-Jun-86 5-Jul-86 154 2.960876 2.324581
10504 3 1986 26 15.71162 1.598993 29-Jun-86 5-Jul-86. 154 2.960876 2.324581
10504 5 1986 26 0.538167 0.208469 29-Jun-86 5-Jul-86 154 2.960876 2.324581
10504 9 1986 26 0.059941 0.059941 29-Jun-86 5-Jul-86 154 2.960876 2.324581
10508 3 1986 26 0.479474 0.162123 29-Jun-86 5-Jul-86 154 2.960876 2.324581
10508 9 1986 26 0.180183 0.102753 29-Jun-86 5-Jul-86 154 2.960876 2.324581
10800 3 1986 /26 0.179467 0.133112 29-Jun-86 5-Jul-86 154 2.960876 2.324581
18005 3 1986 26 0.060121 0.060121 29-Jun-86 5-Jul-86 154 2.960876 2.324581
99799 9 1986 26 7.863126 1.644943 29-Jun-86 5-Jul-86 154 2.960876 2.324581
99899 0 1986 26 0.539472 0.190895 29-Jun-86 5-Jul-86 154 2.960876 2.324581
4109 0 1986 27 149.8248 26.2555 6-Jul-86 12-Jul-86 140 3.051515 0.907655
4109 3 1986 27 675.2124 91.55545 6-Jul-86 12-Jul-86 140 3.051515 0.907655
4109 9 1986 27 5.911781 2.581476 6-Jul-86 12-Jul-86 140 3.051515 0.907655
4406 5 1986 27. 1.356632 0.441769 6-Jul-86 12-Jul-86 140 3.051515 0.907655
6100 0 1986 27 0.18893 0.107672 6-Jul-86 12-Jul-86 140 3.051515 0.907655
6100 3 1986 27 .0.505068 0.24763 6-Jul-86 12-Jul-86 140 3.051515 0.907655
6100 9 1986 27 0.126204 0.126204 6-Jul-86 12-Jul-86 140 3.051515 0.907655
6102 3 1986 27 0.062914 0.062914 6-Jul-86 12-Jul-86 140 3.051515 0.907655
6103 3 1986 27 0.915234 0.281388 6-Jul-86 12-Jul-86 140' 3.051515 0.907655
8504 3 1986 27 0.126456 0.126456 6-Jul-86 12-Jul-86 140 3.051515 0.907655
8720 0 1986 27 0.063165 0.063165 6-Jul-86 12-Jul-86 140 3.051515 0.907655
8725 0 1986 27 0.063102 0.063102 6-Jul-86 12-Jul-86 140 3.051515 0.907655
8907 3 1986 27 0.252282 0.177243 6-Jul-86 12-Jul-86 140 3.051515 0.907655
8907 5 1986 27 0.063039 0.063039 6-Jul-86 12-Jul-86 140 3.051515 0.907655
8909 3 1986 27 0.063102 0.063102 6-Jul-86 12-Jul-86 140 3.051515 0.907655
8913 3 1986 27 0.79919 0.257151 6-Jul-86 12-Jul-86 140 3.051515 0.907655
8913 9 1986 27 0.126582 0.126582 6-Jul-86 12-Jul-86 140 3.051515 0.907655

10320 5 1986 27 0.692743 0.245338 6-Jul-86 12-Jul-86 140 3.051515 0.907655
10501 3 1986 27 5.257822 1.011229 6-Jul-86 12-Jul-86 140 3.051515 0.907655
10501 5 1986 27 0.662508 0.227741 6-Jul-86 12-Jul-86 140 3.051515 0.907655
10504 3 1986 27 3.491075 0.728595 6-Jul-86 12-Jul-86 140 3.051515 0.907655
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1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986

27
27
27
27
27
27
27
27
27
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
29
29
29
29
29
29
29
29
29
29

0.126079
0.693873
0.167854
0.945591
0.126267
0.442347

0.50444
141 .9118
0.12633

0. 120241
58.044

1001 .554
0.240304
9.41 5195
0.479652
0.179706
0.240723
0.120241
0.777093
0.297745
0.060241
0.059763
0.059822
0.059586
0. 120122
1.257901
01l79118
0.539892
3.0541 85
0.599299
3.779254
0.060061
0.1201 22
0.240066
0.060061
2.757017
0.660613
4.258915
1.31 5717
115.3029
0.17692

0.060241
6.51 0887
685.4344

0.54799
6.061279
0.060733
2.329639
0.060733
0.4861 66

0.18226
1.81 9382

0.088578
0.320596
0.097215
0.284911

0.08871
0.1,841 44
0.212294
28.08044
0.088754
0. 120241

9.74408
105.7844
0.145715
3.767782
0.202151

0.13338
0.240723
0.120241

0.26222
0.154518
0.060241
0.059763
0.059822
0.059586
0.120122
0.328514
0.102147
0.256329
0.595487
0.261438
0.934278
0.060061
0.1201 22
0.145347
0.060061
0.902591
0.222385
0.992106
0.451 533
16.47008
0.130737
0.060241
4.099737
64.51306
0.324205
3.897228
0.060733
0.625859
0.060733
0.204799
0.135268
0.476967

6-Jul-86
6-Jul-86
6-Jul-86
6-Jul-86
6-Jul-86
6-Jul-86
6-Jul-86
6-Jul-86
6-Jul-86

13-Jul-86
13-Jul-86
13-Jul-86
13-Jul-86
13-Jul-86
13-Jul-86
13-Jul-86
13-Jul-86
13-Jul-86
13-Jul-86
13-Jul-86
13-Jul-86
13-Jul-86
13-Jul-86
13-Jul-86
13-Jul-86
13-Jul-86
13-Jul-86
13-Jul-86
13-Jul-86
13-Jul-86
13-Jul-86
13-Jul-86
13-Jul-86
13-Jul-86
13-Jul-86
13-Jul-86
1 3-Jul-86
13-Jul-86
13-Jul-86
13-Jul-86
13-Jul-86
13-Jul-86
20-Jul-86
20-Jul-86
20-Jul-86
20-Jul-86
20-Jul-86
20-Jul-86
20-Jul-86
20-Jul-86
20-Jul-86
20-Jul-86

12-Jul-86
12-Jul-86
12-Jul-86
12-Jul-86
12-Jul-86
12-Jul-86
1 2ýJul-86
12-Jul-86
12-Jul-86
19-Jul-86
19-Jul-86
19-Jul-86
19-Jul-86
19-Jul-86
19-Jul-86
19-Jul-86
19-Jul-86
19-Jul-86
19-Jul-86
19-Jul -86
19-Jul-86
19-Jul-86
19-Jul-86
19-Jul-86
19-Jul-86
19-Jul-86
19-Jul-86
19-Jul-86
19-Jul-86
19-Jul-86
19-Jul-86
19-Jul-86
19-Jul-86
19-Jul-86
19-Jul-86
19-Jul-86
19-Jul-86
19-Jul-86
19-Jul-86
19-Jul-86
19-Jul-86
19-Jul-86
26-Jul-86
26-Jul-86
26-Jul-86
26-Jul-86
26-Jul-86
26-Jul-86
26-Jul-86
26-Jul-86
26-Jul-86
26-Jul-86

140
140
1l40
140
140
140
140
140
140
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
141
141
141
141
141
141
141
141
141
141

3.051 515

3.051515
3.051515
3.051515
3.051515
3.051515
3.051 515
3.051515
3.051515
2.978225
2.978225
2.978225
2.978225
2.978225
2.978225
2.978225
2.978225
2.978225
2.978225
2.978225
2.978225
2.978225
2.978225
2.978225
2.978225
2.978225
2.978225
2.978225
2.978225
2.978225
2.978225
2.978225
2.978225
2.978225
2.978225
2.978225
2.978225
2.978225
2.978225
2.978225
2.978225
2.978225
3.152617
3.152617
3.152617
3.152617
3.152617
3.152617
3.152617
3.152617
3.1152617

0.907655
0.907655
0.907655
0.907655
0.907655
0.907655
0. 907655
0.907655
0.907655
0.47269
0.47269
0.47269
0.47269
0.47269
0.47269
0.47269
0.47269
0.47269
0.47269
0.47269
0.47269
0.47269
0.47269
0.47269
0.47269
0.47269
0.47269
0.47269
0.47269
0.47269
0.47269
0.47269
0.47269
0.47269
0.47269
0.47269
0.47269
0.47269
0.47269
0.47269
0.47269
0.47269

0.472
0.472
0.472
0.472
0.472
0.472
0.472
0.472
0.472
0.472



8720 0 1986 29 0.181776 0.13478 20-Jul-86 26-Jul-86 141 3.152617 0.472
8720 3 1986 29 0.181956 0.134969 20-Jul-86 26-Jul-86 141 3.152617 0.472
8723 1 1986 29 0.121406 0.085315 20-Jul-86 26-Jul-86 141 3.152617 0.472
8723 3 1986 29 0.060976 0.060976 20-Jul-86 26-Jul-86 141 3.152617 0.472
8913 1 1986 29 0.121951 0.121951 20-Jul-86 26-Jul-86 141 3.152617 0.472
8913 3 1986 29 1.214821 0.372524 20-Jul-86 26-Jul-86 141 3.152617 0.472
8913 9 1986 29 0.121708 0.121708 20-Jul-86 26-Jul-86 141 3.152617 0.472

10320 5 1986 29 0.213173 0.107967 20-Jul-86 26-Jul-86 141 3.152617 0.472
10501 3 1986 29 3.402815 0.616532 20-Jul-86 26-Jul-86 141 3.152617 0.472
10501 5 1986 29 0.667766 0.269842 20-Jul-86 26-Jul-86 141 3.152617 0.472
10504 1 1986 29 0.060612 0.060612 20-Jul-86 26-Jul-86 141 3.152617 0.472
10504 3 1986 29 0.547327 0.212206 20-Jul-86 26-Jul-86 141 3.152617 0.472
10504 5 1986 29 0.121405 0.085315 20-Jul-86 26-Jul-86 141 3.152617 0.472
10508 3 1986 29 0.121586 0.121586 20-Jul-86 26-Jul-86 141 3.152617 0.472
10800 3 1986 29 0.060733 0.060733 20-Jul-86 26-Jul-86 141 3.152617 0.472
12512 3 1986 29 4.90676 1.339775 20-Jul-86 26-Jul-86 141 3.152617 0.472
12512 5 1986 29 1.894272 0.485104' 20-Jul-86 26-Jul-86 141 3.152617 0.472
15999 3 1986 29 1.275517 0.343447 20-Jul-86 26-Jul-86 141 3.152617 0.472
18005 3 1986 29 2.282307 0.471632 20-Jul-86 26-Jul-86 141 3.152617 0.472
99799 9 1986 29 154.1455 15.8762 20-Jul-86 26-Jul-86 141 3.152617 0.472
99899 0 1986 29 0.121708 0.085528 20-Jul-86 26-Jul-86 141 3.152617 0.472
4000 5 1986 30 0.123457 0.123457 27-Jul-86 2-Aug-86 142 3.109926 0.522387
4109 0 1986 30 3.034767 1.306884 27-Jul-86 2-Aug-86 142 3.109926 0.522387
4109 3 1986 30 1035.4 98.08568 27-Jul-86 2-Aug-86 142 3.109926 0.522387
4109 5 1986 30 0.491924 0.207078 27-Jul-86 2-Aug-86 142 3.109926 0.522387
4406 5 1986 30 0.614461 0.253145 27-Jul-86 2-Aug-86 142 3.109926 0.522387
6100 3 .1986 30 0.307659 0.182633 27-Jul-86 2-Aug-86 142 3.109926 0.522387
6103 3 1986 30 0.582611 0.262897 27-Jul-86 2-Aug-86 142 3.109926 0.522387
8720 0 1986 30 0.184387 0.136819 27-Jul-86 2-Aug-86 142 3.109926 0.522387
8720 3 1986 30 0.246667 0.149419 27-Jul-86 2-Aug-86 142 3.109926 0.522387
8723 1 1986 30 0.061605 0.061605 27-Jul-86 2-Aug-86 142 3.109926 0.522387
8723 3 1986 30 0.185062 0.105501 27-Jul-86 2-Aug-86 142 3.109926 0.522387
8725 3 1986 30 0.061728 0.061728 27-Jul-86' 2-Aug-86 142 3.109926 0.522387
8913 3 1986 30 0.769609 0.250401 27-Jul-86 2-Aug-86 142 3.109926 0.522387
8913 9 1986 30 0.061299 0.061299 27-Jul-86 2-Aug-86 142 3.109926 0.522387

10320 5 1986 30 0.041152 0.041152 27-Jul-86 2-Aug-86 142 3.109926 0.522387
10501 3 1986 30 1.782069 0.562871 27-Jul-86 2-Aug-86 142 3.109926 0.522387
10501 5 1986 30 0.615012 0.221223 27-Jul-86 2-Aug-86 142 3.109926 0.522387
10504 3 1986 30 0.61587 0.238205 27-Jul-86 2-Aug-86 142 3.109926 0.522387
10504 5 1986 30 0.091767 0.068029 27-Jul-86 2-Aug-86 142 3.109926 0.522387
10508 9 1986 30 0.061238 0.061238 27-Jul-86 2-Aug-86 142 3.109926 0.522387
12512 3 1986 30 0.184326 0.136793 27-Jul-86 2-Aug-86 142 3.109926 0.522387
12512 5 1986 30 2.361001 1.205648 27-Jul-86 2-Aug-86 142 3.109926 0.522387
15999 3 1986 30 0.614829 0.23779 27-Jul-86 2-Aug-86 142 3.109926 0.522387
18005 3 1986 30 1.568516 0.387764 27-Jul-86 2-Aug-86 142 3.109926 0.522387
99799 9 1986 30 96.0942 8.352842 27-Jul-86 2-Aug-86 142 3.109926 0.522387
99899 0 1986 30 1.108282 0.991756 27-Jul-86 2-Aug-86 142 3.109926 0.522387
4109 0 1986 31 3.849272 1.024674 3-Aug-86 9-Aug-86 143 3.039844 0.522387
4109 3 1986 31 821.1651 62.69241 3-Aug-86 9-Aug-86 143 3.039844 0.522387
4109 5 1986 31 2.896518 1.103533 ,3-Aug-86 9-Aug-86 143 3.039844 0.522387
4109 9 1986 31 2.608624 1 .508135 3-Aug-86 9-Aug-86 143 3.039844 0.522387
4406 5 1986 31 1.241962 0.427862 3-Aug-86 9-Aug-86 143 3.039844 0.522387



8720 3 1986 31 0.412458 0.15016 3-Aug-86 9-Aug-86 143 3.039844 0.522387
8723 3 1986 31 0.05911 0.05911 3-Aug-86 9-Aug-86 143 3.039844 0.522387
8723 5 1986 31 0.05911 0.05911 3-Aug-86 9-Aug-86 143 3.039844 0.522387
8725 3 1986 31 0.295316 0.175266 3-Aug-86 9-Aug-86 143 3.039844 0.522387,
8913 3 1986 31 0.29673 0.154564 3-Aug-86 9-Aug-86 143 3.039844 0.522387

10320 3 1986 31 0.059524 0.059524 3-Aug-86 9-Aug-86 .143 3.039844 0.522387
10320 5 1986 31 0.414538 0.150912 3-Aug-86 9-Aug-86 143 3.039844 0.522387
10501 3 1986. 31 0.769493 0.24543 3-Aug-86 9-Aug-86 143 3.039844 0.522387
10501 5 1986 31 0.355428 0.184281 3-Aug-86 9-Aug-86 143 3.039844 0.522387
10504 3 1986 31 0.236499 0.116093 3-Aug-86 9-Aug-86 143 3.039844 0.522387
10508 3 1986 31 0.23703 0.116354 3-Aug-86 9-Aug-86 143 3.039844 0.522387
10800 3 1986 31 0.177802 0.131957 3-Aug-86 9-Aug-86 143 3.039844 0.522387
12512 3 1986 31 0.650977 0.300861 3-Aug-86 9-Aug-86 143 3.039844 0.522387
12512 5 1986, 31 1.361773 0.493631 3-Aug-86 9-Aug-86 143 3.039844 0.522387
15999 3 1986' 31 2.072453 0.527071 3-Aug-86 9-Aug-86 143 3.039844 0.522387
15999 5 1986 31 0.059405 0.059405 3-Aug-86 9-Aug-86 143 3.039844 0.522387
16814 3 1986 31 0.058586 0.058586 3-Aug-86 9-Aug-86 143 3.039844 0.522387
18005 1 1986 31 0.415363 0.19269 3-Aug-86 9-Aug-86 143 3.039844 0.522387
18005 3 1986 31 5.636643 1.175439 3-Aug-86 9-Aug-86 143 3.039844 0.522387
18005 5 1986 31 0.17733 0.131536 3-Aug-86 9-Aug-86 143 3.039844 0.522387
99799 9 1986 31 91.56874 8.843265 3-Aug-86 9-Aug-86 143 3.039844 0.522387

4109 3 1986 32 137.7224 28.01786 10O-Aug-86 10O-Aug-86 12 3.098833 0.514253
4406 5 1986 32 3.317592 1.414631 10O-Aug-86 10O-Aug-86 12 3.098833 0.514253

12512 3 1986 32 0.827541 0.827541 10O-Aug-86 10O-Aug-86 12 3.098833 0.514253
12512 5 1986 32 0.830013 0.830013 10O-Aug-86 10O-Aug-86 12 3.098833 0.514253
18005 3 1986 32 4.144305 1.918363 10O-Aug-86 10O-Aug-86 12 3.098833 0.514253
99799 9 1986' 32 88.84059 25.54586 10O-Aug-86 10O-Aug-86 12 3.098833 0.514253

3001 5 1987 /18 0.654741 0.302977 6-May-87 9-May-87 95 1.905471 0.170974
4000 3 1987 18 4.487786 1.263525 6-May-87 9-May-87 95 1.905471 0. 170974
4000 9 1987 18 0.192988 0.137601 6-May-87 9-May-87 95 1.905471 0.170974
4406 3 1987 18 2.442591 0.56418 6-May-87 9-May-87 95 1.905471 0.170974

6208 3 1987 18 0.113999 0.113999 6-May-8 -a-79 .0410107
7915 3 1987 18 0.514249 0.2190957 6-May-87 9-May-87 95 1.905471 0.170974
7915 5 1987 18 05142.37 4.1909446 6-May-87 9-May-87 95 1.905471 0.170974
71050 1 1987 18 02.539353 0.230874 6-May-87 9-May-87 95 1.905471 0.170974

10501 3 1987 18 0.536856 0.283536 6-May-87 9-May-87 95 1.905471 0.170974
10504 1 1987 18 0.1710556 0.1263363 6-May-87 9-May-87 95 1.905471 0.170974
10900 3 1987 18 0.1713332 0.1163633 6-May-87 9-May-87 95 1.905471 0.170974
10943 3 1987 18 0.134447 0.194092 6-May-87 9-May-87 95 1.905471 0.170974,
10976 1 1987 18 0.540398 0.3340042 6-May-87 9-May-87 95 1.905471 0.170974>
10976 3 1987 18 05.112686 10.3074253 6-May-87 9-May-87 95 1.905471 0. 170974'
10976 9 1987 18 0.11687534 .0.26347 6-May-87 9-May-87 95 1.905471 0.170974

17930 3 1987 18 0.653725 0.252962 6-May-87 9-May-87 95 1.905471 0.170974
99799 9 1987 18 3.557778 0.691942 6-May-87 9-May-87 95 1.905471 0.170974
99899 0 1987 18 0.077442 0.077442 6-May-87 9-May-87 95 1.905471 0.170974

3001 5 1987 19 1.114168 0.33233 10-May-87 16-May-87 154 1.905576 0
4000 3 1987 19 3:'600107 0.653114 10-May-87 16-May-87 154 1.905576 0
4406 3 1987 19 0.940964 0.291169 10-May-87 16-May-87 154 1 .905576 0
6100 1 1987 19 0.063342 0.063342 10-May-87 16-May-87 154 1.905576 0
7915 5 1987 19 10.56881 1.529735 10-May-87 16-May-87 154 1.905576 0

10501 0 1987 19 0.105785 0.075719 10-May-87 16-May-87 154 1.905576 0
10501 1 1987 19 0.284785 0.127164 10-May-87 16-May-87 154 1.905576 0



10501 3 1987 19 0.768616 0.225634 10-May-87 16-May-87 154 1.905576 0
10504 0 1987 19 0.031765 0.031765 10-May-87 16-May-87 154 1.905576 0
10504 1 1987 19 0.188049 0.107152 10-May-87 16-May-87 154 1.905576 0
10504 3 1987 19 0.064039 0.064039 10-May-87 16-May-87 154 1.905576 0
10943 1 1987 19 0.445812 0.182552 10-May-87 16-May-87 154 1.905576 0
10943 3 1987 -90.227898 0.142922 10-May-87 16-May-87 154 1.905576 0
10943 9 1987 19 0.104776 0.074944 10-May-87,16-May-87 154 1.905576 0
10976 1 1987 19 0.063975 0.063975 10-May-87 16-May-87 154 1.905576 0
10976 3 1987 19 1.703681 0.32663 10-May-87 16-May-87 154 1.905576 0
10976 9 1987 19 0.127505 0.089572 10-May-87 16-May-87 154 1.905576 0
17930 3 1987 19 0.895444 0.227093 10-May-87 16-May-87 154 1.905576 0
99799 9 1987 19 3.227383 0.611319 10-May-87 16-May-87 154 1.905576 0
3001 5 1987 20 0.554115 0.215134 17-May-87 23-May-87 144 2.163815 0
4000 3 1987 20 2.220998 0.457756 17-May-87 23-May-87 144 2.163815 0
4406 3 1987 20 0.191161 0.097317 17-May-87 23-May-87 144 2.163815 0
7915 5 1987 20 7.487567 1.621843 17-May-87 23-May-87 144 2.163815 0

10501 1 1987 20 0.1856064 0.1058 17-May-87 23-May-87 144 2.163815 0
10501 3 1987 20 4.498077 0.757245 17-May-87 23-May-87 144 2.163815 0
10501 9 1987' 20 0.12475 0.12475 17-May-87 23-May-87 144 2.163815 0
10504 0 1987 20 0.187251 0.106732 17-May-87 23-May-87 144 2.163815 0
10504 3 1987 20. 1.20634 0.366618 17-May-87 23-May-87 144 2.163815 0
10508 3 1987 20 0.061395 0.061395 17-May-87 23-May-87 144 2.163815 0
10508 9 1987. 20 0.101415 0.072483 17-May-87 23-May-87 144 2.163815 0
10943 1 1987 20 1.25768 0.362408 17-May-87 23-May-87 144 2.163815 0
10943 3 1987 20 0.760488 0.323705 17-May-87 23-May-87 144 2.163815 0
109716 3 1987 20 0.506797 0.206441 17-May-87 23-May-87 144 2.163815 0
17930 3 1987 20 0.059411 0.059411 17-May-87 23-May-87 144 2.163815 0,
99799 9 1987 20 1.113828 0.293949 17-May-87 23-May-87 144 2.163815 0
99899 '0 1987 20 0.124875 0.124875 17-May-87 23-May-87 144 2.163815 0
4000 3 1987 21 3.540865 0.597566 24-May-87 30-May-87 144 2.540285 0
4406, 3 1987 21 1.760866 '0.359894 24-May-87 30-May-87 144 2.540285 0
6100 3 1987 21 0.058529 0.058529 24-May-87 30-May-87 144 2.540285 0
7915 5 1987 21' 7.025244 1.395758 24-May-87 30-May-87 144 2.540285 0

10501 1 .1987 21 0.178275 0.101679 24-May-87 30-May-87 144 2.540285 0
10501 3 1987 21 19.22061 2.478715 24-May-87 30-May-87 144 2.540285 0
10504 1 1987 21 0.059464 0'.059464 24-May-87 30-May-87 144 2.540285 0
10504 3 1987 21 72.31744 11.07502 24-May-87 30-May-87 144 2.540285 0
10508 3 1987 21 '6.684412 1.443082 24-May-87 30-May-87 144 2.540285 0
10508 19 1987 21 2.35694 0.570976 24-May-87 30-May-87 144 2.540285 0
10943 1 1987 21 0.177684 0.131691 24-May-87 30-May-87 144 2.540285 0
10943 3 1987 21 0.586795 0.210905 24-May-87 30-May-87 144 2.540285 0
10943 9 1987 .21 0.118929 0. 118929 24-May-87 3~0-May-87. 7 144 2.540285 0
10976 3 1987 21 0.118634 0.08338 24-May-87 30-May-87 144 2.540285 0
17930 3 1987 21 0.059228 0.059228 24-May-87 30.-May-87 144 2.540285 0
99799 9 1987 21 3.006095 0.762829 24-May-87 30-May-87 144 2.540285 0
99899 0 1987 21. 0.11881 0. 11881 24-May-87 30-May-87 144 2.540285 0
99899 9 1987 21 0.059464 0.059464 24-May-87 30-May-87 144 2.540285 0

4000 3 1987 22 4.181345 0.630679 31 -May-87 6-Jun-87 142 2.652238 0
4007 0 1987 22 0.059169 0.059169 31 -May-87 6-Jun-87 142 2.652238 0
4109 0 1987 22 6.240673 2.596501 31 -May-87 6-Jun-87 142 2.652238 0
4406 3 1987 22 5.693526 0.981632 31 -May-87 6-Jun-87 142 2.652238 0
6100 0 1987 22 0.058644 0.058644 31-May-87 6-Jun-87 142 2.652238 0



6100
6102
7915
9901

10501
10501
10501
10504
10504
10504
10504
10508
10508
10943
10943
10976
99799
99899

3001
4000
4109
4109
4109
4109
4406
4406
6100
6100
6200
7915
7915
8725

10501
10501
10501
10504
10504
10508
10508
10508
10800
10943
17830
17930
99799
99899
4000
4109
4109
4109
4109
4406

1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987,
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987

22
22
22
22
22
'22
22
22
22
22
22
22
22
22
22
22
22
22
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
'23
23
23
23
23
23
23
23
23
24
24
24
24
24
24

0.11881
0.117869
0.118634
0.058529
1.299844
0.116828
44.47638
0.118751
0.119048

316.254
0.119048
25.92841
3.658048
0.059524
0.236331
0.059346
5.81 0998
0.059228
0.059464
11.261 57
103.329
1.84061

8.81 2269
14.08002
2.957829
0.058876
0.058471
0.059405
0.058357
0.889605
0.059228
0.292405
1.480596
0.058993
20.14684
0.178274
188.6997
0.177389
8.115072
0.470641
0.118692
0.059169
0.059346
0.177866
3.126047
0.41 3744
3.197123
3.716576
0.475125
82.05867
11.48058
1.647339

0.11881 31 -May-87
0. 117869 31 -May-87

0.08338 3,1,-May-87
0.058529 31 -May-87
0.484337 31 -May-87
0. 116828 31 -May-87
4.825804 31-May-87
0.083462 31-May-87
0. 119048 31 -May-87
37.8643 31 -May-87

0. 119048 31 -May-87
3.665927 31 -May-87
0.960978 31-May-87
0.059524 31 -May-87
0. 143336 31 -May-87
0.059346 31-May-87
1.169464 31-May-87
0.059228 31-May-87
0.059464
1.288864
16.40556
0.860579
2.232965
4.067106
0.602143
0.058876
0.058471
0.059405
0.058357
0.349624
0.059228
0.173292
0.41 9554
0.058993
4.359358
0.101 679
26.88784
0.131615

0.259503
.0.118692
0.0591 69
0.059346
0.132148
0.838771
0.192326
0.599342

1.65133
0.288241
14.08854
4.167853
0.393367

7-Jun-87
-7Jun-87
7-Jun-87
7-Jun-87
7-Jun-87
7-Jun-87
7-Jun-87
7-Jun-87
7-Jun-87
7-Jun-87
7-Jun-87
7-Jun-87
7-Jun-87
7-Jun-87
7-Jun-87
7-Jun-87
7-Jun-87
7-Jun-87
7-Jun-87
7-Jun-87
7-Jun-87
7-Jun-87
7-Jun-87
7-Jun-87
7-Jun-87
7-Jun-87
7-Jun-87
7-Jun-87

14-Jun-87
14-Jun-87
14-Jun-87
14-Jun-87
14-Jun-87
14-Jun-87

6-Jun-87
6-Ju~n-87.
6-Jun-87,
6-Jun-87'
6-Jun-87
6-Jun-87
6-Jun-87
6-Jun-87
6-Jun-87
6-Jun-87
6-Jun-87
6-Jun-87
6-Jun-87
6-Jun-87
6-Jun-87
6-Jun-87
6-Jun-87
6-Jun-87

13-Jun-87
13-Jun-87
13-Jun-87
1 3-Jun-87
13-Jun-87
13-Jun-87
13-Jun-87
13-Jun-87
13-Jun-87-
13-Jun-87
13-Jun-87
13-Jun-87
13-Jun-87
13-Jun-87
13-Jun-87
13-Jun-87
13-Jun-87
13-Jun-87
13-Jun-87
1 3-Jun-87
1 3-J'un-87
13-Jun-87
13-Jun-87
13-Jun-87
13-Jun-87
13-Jun-87
13-Jun-87
13-Jun-87
20-Jun-87
20-Jun-87
20-Jun-87
20-Jun-87
20-Jun-87
20-Jun-87

142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143

2.652238
2.652238
2.652238
2.652238
2.652238
2.652238
2.652238
2.652238
2.652238
2.652238
2.652238
2.652238
2.652238
2.652238
2.652238
2.652238
2.652238
2.652238
2.985744
2.985744
2.985744
2.985744
2.985744
2.985744
2.985744
2.985744
2.985744
2.985744
2.985744
2.985744
2.985744
2.985744
2.985744
2.985744
2.985744
2.985744
2.985744
2.985744
2.985744
2.985744
2.985744,
2.985744
2.985744
2.985744
2.985744
2.985744
3.125909
3.125909
3.125909
3.125909
3.125909
3.125909



4406
4406
6100
6100
6103
6208
7915
8720
8913
8913
9901

10320
10501
10501
10504
10504
10508
10508
12512
12520
15999
17830
17930
99799
99899
4000
4005
4006
4006
4109
4109
4406
4406
6100
6102
6103
6103
7915
8720
8907
8912
8912
8913
9901
9901

10320
10501
10504
10504
10504
10508
12512

1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
.1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987

24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25

0.116247
0.117031
0.059228

0.05729
0.118573
0.118692

0.29579
0.05911

0.05 9405
0.059169
0.059051
0.118751
0.119048
58.23423
295.1221
0.118455
19.75339
0.475003
0.118692
0.059405
0.118692
0.11881

0.059464
13.84664
0.356549
0.649111
0.05 9287
0.116666
0.059405
0.828927
594.4874
1.8221 06
3.645346
0.355021
0.524886
0.059464
2.7481 85
0.591 688
0.175772

0.05911
0.059405
0.118046
0.935454
0.059287
0.116485
0.11881

54.57413
0.059524
117.2868
6.403914
8.214383
0.175375

0.081719
0.082264
0.059228

0.05729
0.118573
0.118692
0.154037

0.05911
0.059405
0.0591 69
0.059051
0.083462
0.119048
9.059652
44.32968
0.1 18455
3.738642
0.374049
0.118692
0.059405
0.118692
0.083504
0.059464
2.541 498
0.264436
0.183558
0.059287
0.082001
0.059405
0.289969
72.731 93
0.560116
0.793297
0.163965
0.204524
0.059464
0.871264
0.297297
0.130066
0.05911

0.059405
0.082967
0.388096
0.059287
0.116485
0.1188 1

4.6451 58
0.059524
13.30281
1.41 7444
1.102659
0.100031

14-Jun-87
14-Jun-87
14-Jun-87
14-Jun-87
14-Jun-87
14-Jun-87
1 4-Jun-87
14-Jun-87
14-Jun-87
14-Jun-87
14-Jun-87
14-Jun-87
14-Jun-87
14-Jun-87
14-Jun-87
14-Jun-87
14-Jun-87
14-Jun-87
14-Jun-87
14-Jun-87
14-Jun-87
14-Jun-87
14-Jun-87
14-Jun-87
14-Jun-87
21 -Jun-87
21 -Jun-87
21-Jun-87
21-Jun-87
21 -Jun-87
21 -Jun-87
21-Jun-87
21-Jun-87
21 -Jun-87
21 -Jun-87
21 -Jun-87
21 -Jun-87
21 -Jun-87
21 -Jun-87
21-Jun-87
21 -Jun-87
21 -Jun-87
21 -Jun-87
21-Jun-87
21-Jun-87
21-Jun-87
21 -Jun-87
21 -Jun-87
21-Jun-87
21-Jun-87
21-Jun-87
21-Jun-87

20-Jun-87
20-Jun-87
20-Jun-87
20-Jun-87
20-Jun-87
20-Jun-87
20-Jun-87
20-Jun-87
20-Jun-8 7
20-Jun-87
20-Jun-87
20-Jun-87
20-Jun-87
20-Jun-87
20-Jun-87
20-Jun-87
20-Jun-87
20-Jun-87
20-Jun-87
20-Jun-87
20-Jun-87
20-Jun-87
20-Jun-87
20-Jun-87
20-Jun-87
27-Jun-87
27-Jun-87
27-Jun-87
27-Jun-87
27-Jun-87
27-Jun-87
27-Jun-87
27-Jun-87
27-Jun-87
27-Jun-87
27-Jun-87
27-Jun-87
27-Jun-87
27-Jun-87
27-Jun-87
27-Jun-87
27-Jun-87
27-Jun-87
27-Jun-87
27-Jun-87
27-Jun-87
27-Jun-87
27-Jun-87
27-Jun-87
27-Jun-87
27-Jun-87
27-Jun-87

143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142

3.125909
3.125909
3.125909
3.125909
3.125909
3.125909
3.125909
3.125909
3.125909
3.125909
3.125909
3.125909
3.125909
3.125909
3.125909
3.125909
3.125909
3.125909
3.125909
3.125909
3.125909
3.125909
3.125909
3.125909
3.125909
3.176066
3.176066
3.176066
3.176066
3.176066
3.176066
3.176066
3.176066
3..176066
3.176066
3.176066
3.176066
3.176066
3.176066
3.176066
3.176066
3.176066
3.1760.66
3.176066
3.176066
3.176066
3.176066
3.176066
3.176066
3.176066
3.176066
3.176066



15999
99799
99899
99899
4000
4000
4005
4109
4109
4109
4109
4406
4406
6102
6103
8720
8723
8725
8725
8907
8909
8912
8912
8913
8913
8913

10320
10501
10501
10504
10504
10508
12512
12512
15999
17830
18005
99799
99899

4006
.4109
4109
4109
4109
4406
6102
6103
7915
8720
8723
8723,
8725

1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987.
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
.1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987

25
25
25
25
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
27
27
27
27
27
27
27
27
2-7
27
27
27
27

0.471 082
25.321 39
0.117404
0.059287

0.17804
0.055217
0.05 9228
1.299814
0.235513
463.8923

1.00933
0.059464
1.71 0338
0.117878
0.817358
0.118869
0.059346
0.059405

0.11752
0.11881

0.1751 54
0.117058
0.2341 48

0.11881
0.408193

0.17786
0.284861
30.32881
0.17228

41 .34221
4.930207
3.869532
0.059405
0.056367
1.71 0113
0.058876
0.351014
9.142087
0.059524
0.115245

198.337
0.591688
1286.332
0.352134
1.635495
0.118692
0.059524
0.118751
0.118338
0.116613
0.17349

0.119048

0.198397
3.921743
0.117404
0.059287
0.132224
0.055217
0.059228
0.492235
0.16553

40.70776
0.531 076
0.059464
0.480758
0.082852
0.261 564
0.083545
0.059346
0.059405

0.11752
0.11881

0.099908
0.117058
0.141 939
0.11881

0.190257

0.150314
4.031 817

0.0983
5.242271
1.166691
0.644511
0.059405
0.056367
0.555049
0.058876

0.201 73
1.847235
0.059524
0.115245
34.05524
0.591 688
93.15658
0.182661
0.607669
0.118692
0.059524
0.083463
0.118338
0.081 964
0.098953
0.119048

21-Jun-87
21 -Jun-87
21 -Jun-87
21 -Jun-87
28-Jun-87
28-Jun-87
28-Jun-87
28-Jun-87
28-Jun-87
28-Jun-87
28-Jun-87
28-Jun-87
28-Jun-87
28-Jun-87
28-Jun-87
28-Jun-87
28-Jun-87
28-Jun-87
28-Jun-87
28-Jun-87
28-Jun-87
28-Jun-87
28-Jun-87
28-Jun-87
28-Jun-87.
28-Jun-87
28-Jun-87
28-Jun-87
28-Jun-87
28-Jun-87
28-Jun-87
28-Jun-87
28-Jun-87
28-Jun-87
28-Jun-87
28-Jun-87
28-Jun-87
28-Jun-87
28-Jun-87

5-Jul-87
5-Jul-87
5-Jul-87
5-Jul-87
5-Jul-87
5-Jul-87
5-Jul-87
5-Julf87
5-Jul-87
5-Jul-87
5-Jul-87
5-Jul-87
5-Jul-87

27-Jun-87
27-Jun-87
27-Jun-87
27-Jun-87

4-Jul-87
4-Jul-87
4-Jul-87
4-Jul-87
4-Jul-87
4-Jul-87
4-Jul-87
4-Jul-87
4-Jul-87
4-Jul-87
4-Jul-87
4-Jul-87
4-Jul-87
4-Jul-87
4-Jul-87
4-Jul-87
4-Jul-87
4-Jul-87
4-Jul-87
4-Jul-87
4-Jul-87
4-Jul-87
* 4-Jul-87
4-Jul-87
4-Jul-87
4-Jul-87
4-Jul-87
4-Jul-87
4-Jul-87
4-Jul-87
4-Jul-87
4-Jul-87
4-Jul-87
4-Jul-87
4-Jul-87

11 -Jul-87
11 -Jul-87
11 -Jul-87
11 -Jul-87
11 -Jul-87
11 -Jul-87
11 -Jul-87
11 -Jul-87
11 -Jul-87
11 -Jul-87
11 -Jul-87
11 -Jul-87
11 -Jul-87

142
142
142
142
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
.144
144
144
144
144
144
144
144
141
141
141
141
141
141
141
141
141
141
141
141
141

3.176066
-3.176066

3.176066
3.176066
2.730018
2.730018
2.730018
2.730018
2.730018
2.730018
2.730018
2.730018
2.730018,
2.730018
2.730018
2.730018
2.730018
2.730018
2.730018
2.730018
2.730018
2.730018
2.730018
2.730018
2.730018
2.730018
2.730018
2.730018
2.730018
2.730018
2.730018
2.730018
2.730018
2.730018
2.730018
2.730018
2.730018
2.730018
2.730018
3.123491
3.123491
3.123491
3.123491
3.123491
3.123491
3.123491
3.123491
3.123491
3.123491
3.123491
3.123491
3.123491



8907
8909
8909
8912
8913

10320
10501
10501
10504
10504
10508
12512
12512
15999
15999
18005
99799

4109
4109
4109
4109
4406
,6102
7915
8720
8720
8723
8909
8912
8913

10320
10501
10501
10504
10504
10508
12512
12512
15999
15999
18005
18005
99799
4109
4109
4109
4406
6102
7915
8720
8909
8909

1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987

27
27
27
27
27'
27
27
27
27
27
27
27
27
27
27
27
27
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
29
29
29
29
29
29
29
29
29

0.236796
0.057567
0.1781 58
0.11737

0.234834
0.236739
7.665109
0.058072
11.52358
3.279543
0.995709

0.05779
0.058072
10.46483
0.178215
1.476119
12.97694
24.48117
902.8211
1.007901
0.293256
1.91 5094
0.059405
0.708712
0.059524
0.115357
0.059405
0.233904
0.058876
0.763227
0.352473
6.423678
0.8251 52
1.765271
1.703005
0.059051

0.05911
0.117752
3.361016
0.175772
0.059464
2.001 908
5.431 937
23.74276
1072.114
1.29738

0.118338
0..118455
0.355683
0.059287
0.059228
0.119048

0.116239
0.057567
0.132275

0.0825
0.115282
0.116212

1.4394
0.058072
2.434229
0.723019
0.285705
0.05779

0.058072
1.519078
0.132192
0.474934
2.61 81 41
15.21825
136.8981
0.355711
0.152711

0.75238
0.059405
0.23951

0.059524
0.115357
0. 059405
0.142686
0.058876
0.309079
0.139501
1.102954
0.402885
0.352229
0.499636
0.059051
0.05911

0.117752
0.839381
0.130066
0.059464
0.403231
1.572193
6.670785
104.1697
0.386364
0.118338
0.118455
0.25069

0.059287
0.059228
0.119048

5-Jul-87
5-Jul-87
5-Jul-87
5-Jul-87
5-Jul-87
5-Jul-87
5-Jul-87
5-Jul-87
5-Jul-87
5-Jul-87
5-Jul-87
5-Jul-87
5-Jul-87
5-Jul-87
5-Jul-87
5-Jul-87
5-Jul-87

12-Jul-87
12-Jul-87
12-Jul-87
12-Jul-87
12-Jul-87
12-Jul-87
12-Jul-87
12-Jul-87
12-Jul-87
12-Jul-87
12-Jul-87
12-Jul-87
12-Jul-87
12-Jul-87
12-Jul-87
12-Jul-87
12-Jul-87
12-Jul-87
12-Jul-87
12-Jul-87
12-Jul-87.
12-Jul-87
12-Jul-87
12-Jul-87
12-Jul-87
12-Jul-87
19-Jul-87
19-Jul-87
19-Jul-87
19-Jul-87
19-Jul-87
19-Jul-87
19-Jul-87
19-Jul-87
19-Jul-87

11 -Jul-87
11 -Jul-87
11 -Jul-87
11 -Jul-87
11 -J ul-87
11 -Jul-87
11 -Jul-87
11 -Jul-87
11 -Jul-87
11 -Jul-87
11 -Jul-87
11 -J ul-87
11 -Jul-87
11 -Jul-87
11 -Jul-87
11 -Jul-87
11 -Jul-87
18-Jul-87
18-Jul-87
18-Jul-87
18-Jul-87
18-Jul-87
18-Jul-87
18-Jul-87
18-Jul-87
18-Jul-87
18-Jul-87
18-Jul-87
18-Jul-87
18-Jul-87
18-Jul-87
18-Jul-87
18-Jul-87
18-Jul-87
18-Jul-87
18-Jul-87
18-Jul-87
18-Jul-87
18-Jul-87
18-Jul-87
18-Jul-87
18-Jul-87
18-Jul-87
25-Jul-87
25-Jul-87
25-Jul-87
25-Jul-87
25-Jul-87
25-Jul-87
25-Jul-87
25-Jul-87
25-Jul-87

141
141
141
141
141
141
141
141
141
141
141
141
141
141
141
141
141
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143

3.123491
3.123491
3.123491
3.123491
3.123491
3.123491
3.123491
3.123491
3.123491
3.123491
3.123491
3.123491
3.123491
3.123491
3.123491
3.123491
3.123491
3.140525
3.140525
3.140525
3.140525
3.140525
3.140525
3.140525
3.140525
3.1,40525
3.140525
3.140525
3.140525
3.140525
3.140525
3.140525
3.140525
3.140525
3.140525
3.140525
3.140525
3.140525
3.140525
3.140525
3.140525
3.140525
3.140525
3.173384
3.173384
3.173384
3.173384
3.173384
3.173384
3.173384
3.173384
3.173384

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
0*
0
0
0
0
0
0
0
0
0
0



8913
10320
10501
10501
10504
10504
10508
12512
12512
15999
15999
15999
18005
99799

4109
4109
4109
4109
4109
4406
6103
7915
8720
8720
8720
8723
8907
8907
8909
8913

10320
10320
10501
10501
10504
10504
10800
12512
12512
15938
15999
15999
18005
18005
99799

4109
4109
4109
8720
8720
8723
8723

1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987

29
29
29
29
29
29
29
29
29
29
29
29
29
29
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30.
30
30
30
30
30
30
31
31
31
31
31
31
31

0.237562
0.586067
4.177321
0.117756
0.5891 26
0.473383
0.057622
0.234373
0.059524
0.058015
9.36228

1.71 61 55
1.287113
17.22427
241.6896
0.877453,
1 182.449
3.877529
0.237328

0.23318
0.232216
0.236166
0.176944
0.059405
0.118929
0.176342
0.237857
0.059346

0.11788
0.23178

0.1181 62
1.821316
1.351 906
0.056961
0.115731
0.412975
0.059405
0.531157.
0.058015
0.116361
16.07666
2.118854
0.236559
0.237328
15.77463
87.84536
807.3732
8.797612
0.059524
0.41 0435
0.058993
0.352879

0.14412
0.211912
0.676409
0.082765
0.195242

0.18117
0.057622
0.164735
0.059524
0.058015
1.478041
0.667076
0.290753
4.047007
38.77385

0.71 228
84.71941
1:~238463

0. 1872
-0. 140801
0.140693

0.14352
0.131 695
0.059405
0.118929
0.130997
0.237857
0.059346
0.082855
0.141126
0.083048
0.400456
0.368824
0.056961
0.081 374

0.191 45
0.059405

0.22281
0.058015
0.081799
2.602393
0.617219
0.143278
0.143978
2.750204

15.88
61 .69213
ý1.672649
0.059524
0.190555
0.058993
0.183727

1 9-Jul-87
19-Jul-87
19-Jul-87
19-Jul-87
19-Jul-87
19-Jul-87
19-Jul-87
19-Jul-87
19-Jul-87
19-Jul-87
19-Jul-87
19-Jul-87
19-Jul-87
19-Jul-87
26-Jul-87
26-Jul-87
26-Jul-87
26-Jul-87
26-Jul-87
26-Jul-87
26-Jul-87
26-Jul-87
26-Jul-87
26-Jul-87
26-Jul-87
26-Jul-87
26-Jul-87
26-Jul-87
26-Jul-87
26-Jul-87
26-Jul-87
26-Jul-87
26-Jul-87
26-Jul-87
26-Jul-87
26-Jul-87
26-Jul-87
26-Jul-87
26-Jul-87
26-Jul-87
26-Jul-87
26-Jul-87
26-Jul-87
26-Jul-87
26-JUl-87
2-Aug-87
2-Aug-87
2-Aug-87
2-Aug-87
2-Aug-87
2-Aug-87
2-Aug-87

25-Jul-87
25-Jul-87
25-Jul-87
25-Jul-87
25-Jul-87
25-Jul-87
25-Jul-87
25-Jul-87
25-Jul-87
25-Jul-87
25-Jul-87
25-Jul-87
25-Jul-87
25-Jul-87
1 -Aug-87
1 -Aug-87
1 -Aug-87
1 -Aug-87
1 -Aug-87
1 -Aug-87
1 -Aug-87
1 -Aug-87
1 -Aug-87,
1 -Aug-87
1 -Aug-87
1 -Aug-87
1 -Aug-87
1 -Aug-87
1 -Aug-87
1 -Aug-87
1 -Aug-87
1 -Aug-87
1 -Aug-87
1 -Aug-87
1 -Aug-87
1 -Aug-87
1 -Aug-87
1 -Aug-87
1 -Aug-87
1 -Aug-87
1 -Aug-87
1 -Aug-87
1 -Aug-87
1 -Aug-87
1 -Aug-87
8-Aug-87
8-Aug-87
8-Aug-87
8-Aug-87
8-Aug-87
8-Aug-87
8-Aug-87

143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
144
144
144
144
144
144
144

3.173384
3.173384
3.173384
3.173384
3.173384
3.173384
3.173384
3.173384
3.173384
3.173384
3.173384
3.173384
3.173384
3.173384
3.1171 82
3.1171 82
3.1171 82
3.1171 82
3.117182
3.117182
3.1171 82
3.1171 82
3.1171 82
3.1171 82
j.1 17182
3.1171 82
3.117182
3.1171 82
3.1171 82
3.1171 82
3.117182
3.1171 82
3.117182
3.117182
3.1171 82
3.1171 82
3.1171 82
3.1171 82
3.1-171 82
3.1171 82
3.1171 82
3.117182
3.117182
.3.1171 82
3.117182
3.175908
3.175908
3.175908
3.175908
3.175908
,3.175908
3.175908



8725
8907
8909
8913

10320
10320
10501
10504
12512
12512
15999

( 15999
18005
18506
99799
99899

4109
4109*
4109
8723

10501
10501
12512
12512
15999
15999
99799

1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987

31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31

32
32
32
32
32
32
32
32
32
32

0.117814
0.173656
0.174956
0.232897
0.118692
0.934114
0.111251
0.175668
0.23253

0.584579
14.48768
2.055421
0.233857
0.058993

9.03044
0.116828
55.28539
328.2462
17.79491
0.41 4594

0.41 625
0.402188
0.41542

0.41 4594
4.957969
1.242958
8.979603

0.082805
0.129516
0.129706
0.14055

0.118692
0.280784

0.0783
0.129869
0.140938,
0.255261
2.229069
0.673626
0.141 919
0.058993
1.994426
0.116828
15.43363
35.03807
5.357044
0.41 4594
0.41625

0.402188
0.41542

0.41 4594
1.981 378
0.91 0452
3.253617

2-Aug-87
2-Aug-87
2-Aug-87
2-Aug-87
2-Aug-87
2-Aug-87
2-Aug-87
2-Aug-87
2-Aug-87
2-Aug-87
2-Aug-87
2-Aug-87
2-Aug-87
2-Aug-87
2-Aug-87
2-Aug-87

8-Aug-87
8-Aug-87
8-Aug-87
8-Aug-87
8-Aug-87
8-Aug-87
8-Aug-87
8-Aug-87
8-Aug-87
8-Aug-87
8-Aug-87
8-Aug-87
8-Aug-87
8-Aug-87
8-Aug-87
8-Aug-87

144
A1 44
144
144'
144
144
144
144
144
144
144
144
144
144
144
144

24
24
24
24
24
24
24
24
24
24
24

3.175908
3.175908
3.175908
3.175908
3.175908
3.175908
3.175908
3.175908
3.175908
3.175908
3.175908
3.175908
3.175908
3.175908
3.175908
3.175968
3.098885
3.098885
3.098885
3.098885
3.098885
3.098885
3.098885
3.098885
3.098885
3.098885
3.098885

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

0.178
0.017484
0.01 7484
0.01 7484
0.017484
0.01 7484
0.017484
0.017484
0.017484
0.017484
0.017484

9-Aug-87 10O-Aug-87
9-Aug-87 10O-Aug-87
9-Augm-87 10O-Aug-87
9-Aug-87 1 0-Aug-87
9-Aug-87 10O-Aug-87
9-Aug-87 10O-Aug-87
9-Aug-87 10O-Aug-87
9-Aug-87 10O-Aug-87
9-Aug-87 10O-Aug-87
9-Aug-87 10O-Aug-87
9-Aug-87 10O-Aug-87



life-stag definition
-0 EGG
1 YOLK-SAC LARVA
3 POST YOLK-SAC LARVA
5 JUVENILE
9 UNDETERMINED STAGE



SPCODE Common-Name
3001 American eel
3502 Conger eel
4000 Herring family
4001 Blueback herring
4005 Alewife
4006 American shad
4007 Alosa species
4010 Atlantic menhaden
4100 Anchovy family
4109 Bay anchovy
4406 Rainbow smelt
6100 Carp and minnow family
6102 Goldfish
6103 Common carp
6120 Spottail shiner
6199 Hybopsis species
6200 Sucker family
6208 White sucker
6402 White catfish
6407 Brown bullhead
6498 Ictalurus species
7900 Cod family
7915 Atlantic tomcod
7929 Urophycis species
8419 Silverstripe halfbeak
8504 Atlantic needlefish
8700 Killifish family
8720 Fundulus species
8723 Banded killifish
8725 Mummichog
8907 Rough silverside
8909 Inland silverside
8912 Atlantic silverside
8913 Menidia species
9901 Fourspine stickleback
9904 Threespine stickleback

10320 Northern pipefish
10500 Temperate bass family
10501 White perch
10504 Striped bass
10508 Morone species
10800 Sunfish family
10900 Perch family
10943 Tessellated darter
10976 Yellow perch
11301 Bluefish
12500 Drum family
12512 Weakfish
12520 Spot
13600 Wrasse family
15006 Rock gunnel



15938 Seaboard goby
15999 Gobiosoma species
16814 Butterfish
17110 Northern searobin
17111 Striped searobin
17400 Sculpin family
17499 Myoxocephalus species
17818 Smallmouth flounder
17826 Summer flounder
17828 Fourspot flounder
17830 Windowpane
17930 Winter flounder
18005 Hogchoker
18506 Northern puffer
36250 Amphipods
99799 Mutilated
99899 Unidentified

(



TAXON name
1 ALEWIFE.
2 BAY ANCHOVY
3 AMERICAN SHAD
4 BLUEFISH
5 BLUEGILL
6 BROWN BULLHEAD
7 PUMPKINSEED
8 BLACK CRAPPIE
9 CARP

10 AMERICAN EEL
11 GOLDFISH
12 GOLDEN SHINER
13 HOGCHOKER
14 TESSELATED DARTER
15 BANDED KILLIFISH
16 EMERALD SHINER
17 LARGEMOUTH BASS
18 MUMMICHOG
19 ATLANTIC MENHADEN
20 CYPRINIDAE
21 CHAIN PICKEREL
22 BLUEBACK HERRING
23 WHITE SUCKER ,
24 ATLANTIC SILVERSIDE
25 RAINBOW SMELT
26 SMALLMOUTH BASS
27 SHORTNOSE STURGEON.
28 SPOTTAIL SHINER
29 ATLANTIC STURGEON
30 STRIPED BASS
31 FOURSPINE STICKLEBACK
32 ATLANTIC TOMCOD
33 TO BE IDENTIFIED
34 WHITE CATFISH
35 WHITE PERCH
36 YELLOW PERCH
37 SATINFIN SHINER
38 ROCK BASS
39 NORTHERN PIPEFISH
40 REDBREAST SUNFISH
41 ATLANTIC NEEDLEFISH
42 CREVALLE JACK
43 SILVERY MINNOW
44 FALL FISH
45 WEAKFISH
.46 COMELY SHINER
47 COMMON SHINER
48 MIMIC SHINER
49 LOOKDOWN
50 ALOSA SPP.
51 CLUOEIDAE LARVAE



52 MORONE LARVAE
53 GRASS PICKEREL
54 LINED SEA HORSE
55 LOGPERCH
56 TROUT PERCH
57 NORTHERN HOG SUCKER
58 FATHEAD MINNOW
59 CYPRINIDAE
60 MORONE UNIDENTIFIED
61 REDFIN PICKEREL
62 TAUTOG
63 FOURBEARD ROCKLING
64 STRIPED CUSKEEL
65 CENTRARCHIDAE LARVAE
66 NORTHERN KINGFISH
67 SPOT
68 MOONFISH
69 BROOK STICKLEBACK
70 ACIPENSERIDAE
71 SCUP
72 WINTER FLOUNDER
73 INLAND SILVERSIDE
74 SEA LAMPREY
75 GIZZARD SHAD
76 SILVER HAKE
77 STRIPEDMULLET
78 THREESPINE STICKLEBACK
79 BROWN TROUT
80 BUTTERFISH
81 WHITE CRAPPIE
82 BROOK TROUT
83 NORTHERN PIKE
84 GREEN SUNFISH
85 SILVER PERCH
86 NORTHERN PUFFER
87 BLACKNOSE DACE
88 BRIDLE SHINER
90 CUTLIPS MINNOW
96 CENTRARCHIDAE
97 SPOTFIN SHINER
98 RED HAKE
99 UNIDENTIFIABLE

100 CENTRAL MUDMINNOW
101 GRUBBY
102 EASTERN MUDMINNOW
103 WHITE BASS
104 ROUGH SILVERSIDE
.105 LONGEAR SUNFISH
106 SUMMER FLOUNDER
107 LONGNOSE DACE
108 CREEK CHUB
109 BLACK BULLHEAD



110 STRIPED SEAROBIN
111 NORTHERN SEAROBIN
113 ATLANTIC CROAKER
114 LONGHORN SCULPIN
115 ROUND-HERRING
116 HICKORY SHAD
117 ATLANTIC HERRING
118 REEF SILVERSIDE
119 STRIPED ANCHOVY
120. CONGER EEL
121 STRIPED KILLIFISH
122 WARMOUTH
123 BLUNTNOSE MINNOW
124 WALLEYE,
125 WHITE MULLET
126 YELLOW BULLHEAD
127 CHANNEL CATFISH
128 POLLACK
129 SEABOARD GOBY
130 NAKED GOBY
131 YELLOWTAIL FLOUNDER
132 WINDOWPANE
133 SPOTTED HAKE
134 SEAROBIN
136 NORTHERN STARGAZER
137 AMERICAN SAND LANCE
138 FAT SLEEPER
139 FOURSPOT FLOUNDER
140 ATLANTIC MACKEREL
141 BLACK SEA BASS
142 SMALLMOUTH FLOUNDER
143 ROCK GUNNEL
144 INSHORE LIZARDFISH
145 UMBRIDAE
146 SILVER LAMPREY
147 RAINBOW TROUT
148 ROSYFACE SHINER
149 ESOC IDAE
150 GOBIIDAE
151 FUNDULUS SPP.
152 CYPRINODONTIDAE
153 MYOXOCEPHALUS SPP.
154 COTTIDAE
155 PLEURONECTIFORMES
156 PLEURONECTIDAE
157 ATHERINIDAE
158 MENIDIA SPP.
159 BOTHIDAE
160 SPECKLED WORM EEL
161 SYNGNATHIDAE
162 MACKEREL SCAD
163 AMMODYTES SPP.



164 GUNNER
165 SCIAENIDAE
166 GADIDAE
1167 FLYING GURNARD
168 SHIELD DARTER
169 GRAY SNAPPER
170 ATLANTIC COD
171 SEA RAVEN
172 BIGEYE SCAD
173 STRIPED BURREISH
174 SHEEPSHEAD
175 PERCIDAE
176 SPOTFIN MOJARRA
177 SPOTFIN BUTTEAFLYFISH
178 GASTEROSTEIDAE
179 PLANEHEAD FILEFISH
180 ATLANTIC CUTLASSEISH
181\ PIGEISH
182 SHORT BIGEYE
183 GUAGUANCHE
184 FRECKLED BLENNY
185 TETRAODONTIDAE
186 ORANGESPOTTED FILEFISH
187 MARGINED MADTOM
188 BLUESPOTTED CORNETFISH
189 BLACK DRUM
190 NORTHERN SENNET
191 SCAMP
192 COBIA
193 LEAST DARTER
194 PERCICHTHYIDAE
195 SCRAWLED COWFISH
196 SPOTFIN FLYINGFISH
197 GULF MENHADEN
198 PUGNOSE SHINER
199 REDFIN SHINER
200 SAND SHINER
201 SWALLOWTAIL SHINER
202 TIGER MUSKELLUNGE
203 GOOSEFISH
204 PERMIT
205 FRESHWATER DRUM
206 KING MACKEREL
207 LONGNOSE GAR
208 SPANISH MACKEREL
209 SHARPTAIL GOBY
210 CATOSTOMIDAE
211 LABRIDAE
212 BLACKCHEEK TONGUEFISH
213 OYSTER TOADFISH
214 FEATHER BLENNY
215 ORANGE FILEFISH



216 LITTLE SKATE
217 SPINY DOGFISH
218 ATLANTIC SEASNAIL
219 GULF STREAM FLOUNDER
220 SPOTTED GOATFISH
221 BROOK SILVERSIDE
222 HARVESTFISH
223 PINFISH
224 WITCH FLOUNDER
225 KOKANEE
226 LADYFISH
227 RADIATED SHANNY
228 CUSK
229 UNIDENTIFIED HAKE
230 AMERICAN PLAICE
231 SLIMY SCULPIN
232 SHEEPSHEAD MINNOW
233 BLENNIIDAE
236 SCUPIWEAKFISH
237 HADDOCK
238 RUDD
239 GRASS CARP
240 BLUE RUNNER
241 UNID. LAMPREY
412 SHORTHORN SCULPIN
422 UNIDENTIFIED MULLET
754 BLUE CRAB
770 AMERICAN LOBSTER




