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FOREWORD

Consolidated Edison has contracted with three major research
organizations to conduct studies to assess the ecological impact of entrain-
ment, impingement, and discharges of the Indian Point Nuclear Power Station.

" The major contractors and their primary study responsibilities are as follows:

e New York University Medical Center

Laboratory for Environmental Studies
— laboratory and field studies on
effects of entrainment
e Lawler, Matusky, and Skelly Engineers

— mathematical prediction of entrain-
. ment and impingement effects on the
a striped bass population

e Texas Instruments Incorporated

— biological impact of thermal and
chemical effluents

— impingement monitoring and testing

— ecological significance of impingement
and entrainment

This progress report, which has been prepared for Consolidated
Edison Company of New York, Inc. (Con Edison), by the Ecological Services
branch of Texas Instruments Incorporated. (TI), presents analyses and inter-
pretations of impingement monitoring and testing data collected at indian
Point from 1 Jahuary through 31 December 1974, This study was required,
in part, by the Nuclear Regulatory Commission (NRC) Environmental Techni- .

cal Specifications of Indian Point Units 1 and 2.

In addition to the specific objectives of the impingement moni-
toring and testing program, the monitoring of fish impingement at Indian Point
provides data for other aspects of the Hudson River ecological study:

e Estimation of the direct impact of
impingement
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e Collection of impinged fish to supple-
ment samples from other fishing gear
used in the study of population dynamics

e Assessment of physical, chemical,
temporal, and species variables associ-
ated with vulnerability to plant impact
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SUMMARY

This Second Annual Indian Point Impingement Report includes

analyses and discussion of data collected during calendar year 1974,

The Hudson River estuary serves as spawning and nursery
ground for several resident and anadromous species, the young-of-the-year
and yearling of which compose the majority of impingement colleétibns at
any time of the year. To quantify the impingement phenomenon at Indian
Point, intake screens were washed and fish collections enumerated and
identified daily at Units 1, 2, and 3. During the monitoring program from
1 January to 31 December 1974, 924, 244 fish were collected. Atlantic tom-
cod was the most abundant species impinged at Unit 1 (37. 4%) -and Unit 3
(69. 6%); most tomcod were impinged as young-of-the-year during the summer
when Unit 3 operation was most consistent. White perch comprised 31.8% and
15.2% of Units 1 and 3 collections. Unit 2 collections were dominated by white
perch (42.5%) and tomcod (39.7%). Striped bass comprised a minor segment
of irﬁpingement collections at Units 1 (0.9%), 2 (0.7%), and 3 (0.57%). The
total number and weight of impinged fish colleétgd at Indian Point in 1974
was as follows: Unit 1, 138,976 fish for 901 kg (1982 1b); Unit 2, 750, 182
fish for 3792 kg (8342 1b); and Unit 3, 35, 086 fish for 177 kg (389 1b).

During 1974, an attempt was made to evaluate the efficiency of
the fish collection procedures.‘ by artificial impingement of marked fish, These
tests assumed that all marked dead test specimens were impinged and that live
fish would be affected in the same manner as the dead test fish. These tests
resulted in an 8-15% recovery of marked test fish during air-curtain operation
and 38-80% without the air curtain., This would seem to indicate that the air

curtain decreases efficiency of the collection process. However, when the air
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curtain did ﬁqt operate, other factors became the major variables affecting loss
of impinged fish. These factors include large numbers of environmental and op-
erationél variables such as flow rate, tide stage, debris load, and duration of

impingement. \With the existence of these uncontrolled variables and unverified
assumptions, the-'r'esults of these tests are tod preliminary to compute impinge-

ment estimates.

Fish vﬁlnerability is an importént factor in evaluating the
causes and impact of impingement. Sonar, gill nets, beach seines, 'and trawls
. were used to identify the spatiotemporal distribution of fish in the Indian Point |
region and near the intake screens. Catches from these four gear were eval-
uated in terms of short- and long-term vulnerability and impingement predic-
tion. Size selectivity and gear avoidance may have been responsible for species
composition and abundance differences determined for these gear and intake
screens. Gear selection for different segments of the river population that are
impinged negates their value as predictors except for regional and seasonal

abundance estimates.

Of the environfnental and plant variables examined, only )rive.r
conductivity and time of day were strongly related to impingement. Whenvthe‘
salt front moves through the Indian Point region, the relative magnitude of
impingement increases. Tomcod impingement peaks génerally precede con-
ductivity peaks, while white.perch impingemént increases as the salt front
retreats downriver from Indian Point. In addition to conductivity-related
changes between days, distinct daily impingement peaks occur between 2200
'and 0600 hr; diel peaks in impingement may be related to circadian activity
patterns or nocturnal vertical or channel/shdal fish movements. No consis-
tent relationship between impingement and temperature, dissolved oxygen,
thermal recirculation, head loss, or intake current velocity was found. Water

velocity profiles at Unit 2 screens showed increased velocities from bottom to
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surface, which may explain the depth distribution of impinged fish; at least

70% of imp'inged fish were col]..eclted from the upper half of the fixed screens.

" Another factor affecting vulnerabilitir is the physical condition of
fish in the Indian Point region. The incidence of pathological deterioration
and parasitic infestation indicates that a weaker segment of the river popula-
tion is being impinged. While the Indian Point generating plants may not
increase parasitic infestation and pathological conditions, they do act as seléc;
tive predators-on weaker fish. Sorﬁe fish collected from the .river and from
intake screens have demonstrated symptoms of gas bubble disease, a disease
caused by the release of supersatu‘r'a.i:ed gases from the blood and gas accumu-
lation in tissues and blood vessels. Supersaturation of dissolved gas has been
identified in some water samples collected in the discharges canal as would be
anticipated after rapid heating of water. Indian Point and other éxisting potén-l
tial sources of gas bubble disease have not been sufficiently sampled to assess
the regional extent of gas' supersaturation and the significance of Indian Point

effluent.

Various protective devices have been employed at Indian Point
to reduce impingement. Air curtains, intake screen design, and fish pumps
were evaluated during 1974. Statistical analysis demonstrated that air curtain
operation did not significantly reduce the impingement of fish at Unit 2. This
conclusion is supported by other studies whicH have demonstrated the inef-
fectiveness of air curtains as a visual, behavioral avoidance stimulus in
turbid water and darkness. The majority of impingement at Indian Point oc-
curs under both conditions. Statistical comparison of impingement rates on
the Unit 3 traveling screens and Unit 2 fixed screens revealed no significant
difference between the two screen designs. Although impingement rates were

similar, previous studies indicated higher survival of fish collected from

traveling screens.

The use of a fish pump to return live impinged fish to the river

is a feasible approach to reducing the impact of impingement. Results of tests

xvii services group



2

conducted during 1973 and 1974 indicated that a properly 1nst1tuted pumping

regime could prov1de approx1mate1y 80% survival of pumped fish. Survival
‘could be maximized in such a system if f1sh remained in water durmg transport
" and were returned to an area providing temporary protection from predators

while fish become reoriented and resume normal activity.

| ‘Results of TI studies since Jnne 1972 suggest that the use of
protective devices as behavioral avoidance stimuli will be of limited value.
Intervspeciﬁc and life history variations in beh.avioral response, habituation,
physiological condition, and seasonal changes in -species‘composition would
require broad spectrum applicability of a behavioral device; few devices_ha\;e
such application. High turbidity and diel impingement distribution further

reduce the value of visual stimulus devices.

services group
xviii



R

SECTION I
INTRODUCTION

A. DESCRIPTION AND LOCATION OF PLANT INTAKES

The Indian Point Nuclear Generating Plant (Figure I-1) is
located on the east bank of the Hudson River estuary at river mile (RM)
42.5 (km 68) near Peekskill, New York. The plant (Figure I-2) consists
of .three nuclear reactors (Units 1, 2, and 3) and associated apparatus for
power generation and water circulation, T-he respective licénsed gener‘at-
ing capabilities for Units 1 and 2 are 265 Mw (electric) ana 873 Mw (electric);
the capacity of Unit. 3, still under construction, is 1033 Mw. (electric). All
tﬁree units have a combined water pumping capacity of 2,058, 000 gallons
per minute (gpm) [7700 cubic meters per minute (m3/min)]. Unit 1 has
‘two 140, 000-gpm (530-m3/min) circulating pumps, each drawing water’

- through two intake bays. Three s‘ervic‘e pumps with a combined capacity
of 19,000 gpm (72 m3 /min) draw water from each circulator forebay. Units
.Z:and 3 have six 140, 000-gpm (530—m3/min) circulating pumps each, and
each draws water through one intake bay. Both Units 2 and 3 have service

"water pumps with a total unit capacity. of 30,000 gpm (114 m3/min) which
dfaw through separate service water bays located in the middle of each unit

"~ intake structure.

Units 1 and 2 have fixed screens at the entrance to the intake
bays and vertical traveling screens behind the fixed screens (Figdre I-3);
Unit 3 has only vertical traveling screens located at the entrance to the intake

bays. All screens are 0.375 in. (9.5 mm) square mesh.

B. SYNOPSIS OF IMPINGEMENT PHENOMENA AT INDIAN POINT

Fish are impinged when they are held against the intake screens

by the force of water flow or by entanglement in the mesh screen. Impingement

can result in death due to shock,‘ exhaustion, or other debilitating factors.
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Figure I-1.
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Indian Point Nuclear Power Generating Plants, Units 2, 1, and
3 (left to right) at River Mile 42 on Hudson River
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Since Indian Point Unit 1 began operation in 1962, fish impinge-
ment has received attention from Con Edison, regulatory agencies and members
of the public. A complete history of fish impingement at Indian Point can be

found in Appendix BB of the Applicant's Environmental Report for Unit 3.

During February 1972, two Unit 2 circulators were operated
for 1 day and one circulator for 4 days; an estimated 175,000 fish were im-
pinged during the test period. After hearings, Con Edison agreed to a consent
order issued by the New York State Department of Environmental Conservation
(DEC) with the following conditions:

(i) Reduce circulator pump flows to 60% capacity

when Hudson River temperatures are below
40°F (4.4°C)
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@o
(2) Install double air curtains in front

of each unit

(3) Develop plans (i.e., feasibility study)
for a screened lagoon :

(4) Construct a screened lagoon dependent
on air curtain efficiency and lagoon
feasibility study results

Since 15 June 1972, Texas Instruments Incorporated (TI),
under contract with Consolidated Edison Company of New York, Inc. (Con
Edison), has been conducting impingement studies at Indian Point. The
general objectives are to:

(1) 'Mo.nitor and record impinged fish collections,

~river physical/chemical variables in the plant
vicinity, and selected plant operational variables

(2) Determine factors influencing impingement

(3) Provide information needed to evaluate what
biological impact Indian Point impingement has
on fish populations of the Hudson River

(4) Evaluate methods for reducing impingement

TI pursued these objectives in fulfillment of the 1974 scope
of work (Appendix A) in three phases: monitoring (quantification), evalua-

tion of causes, and solutions. .

C. PROGRAM TASKS
1. Impingemeﬁt Monitoring and Quantification

Before impingement causes and impact could be evaluated, it
was necessary to use some method of quantifying the magnitude of impinge-
ment. The magnitude of impingement is influenced by flucfuations in the |
volume of water drawn through intake screens, which is a function of circu-

lator flow rates and duration of circulator operation. Therefore, empirical
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fish counts were converted to rates (i.e., catch per volume of water pumped);
since this accounted for variations in sampling volume, impingement rates

could be analyzed to identify sources of variation in impingement.

As suggested previously, impingement collections may not
indicate the actual numbers of fish impinged, since some fish impinged on
the outer screens may not be collected. Several factors including air curtain
operation, circulator flow rate, and tide stage may effect the loss of impinged
fish., Impinged fish can be washed into the river, caught on the support frame-
work of the screen, or held up by floating debris in front of the intake openings.
Some of the lost fish may be reimpinged and collected on adjacent traveling
screens during the same or later wash periods. During 1974, experiments
were conducted to assess collection efficiency and the potential impact of

fish loss on calculated impingement rates,

Several means of monitoring local and regional fish abundance
were examined to determine their sensitivity and selectivity as indicators of
impingement magnitude. Catch per unit effort (CPUE) data calculated from
standard river stations were used to indicate the relative abundance of fish
populations in the Hudson River near the Indian Point generating plants. Gill
net, stationary sonar, and screen basket CPUE data were used to identify

fluctuations of impingement due to changes in relative abundance.

2. Study of Factors Affecting Impingement
a. Environmental Variables

Studies conducted in 1972 and 1973 suggested that fish vulnera-
bility fo impingement was affected by _fluctuations in conductivity, water tem-
perature, and .dissolved oxygen (Texas Instruments, 1974b) which influence
their distribution and general physiological condition. Diel movement and
activity rhythms of fish related to photoperiod and tidal stage may play an

important role in daily impingement patterns. Therefore, during 1974,
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impingement rates were studied in relation to variations in conductivity,

temperature, dissolved oxygen, time of day, and tide stage.

b. Plant Operation Variables

Under certain conditions of season and thermal history of
fishes, recirculation of the thermal plume may attract, repel, or stress
fish., Approach velocity and head differential at the screens can affect the
ability of fish to avoid intake screens. Since these functions of plant opera-.
tion may influence fish distribution and vulnerability, tests to evaluate im-
pingement rates in terms of these operational variables were performed

during 1974.

¢. Fish Condition

Relative impingement rates of healthy fish and fish with
parasitic infestation, pathological deterioration of selected organs, or
physiological stress may differ, The general conditions of impinged fish
and fish taken in field sampling were compared to determine whether po-

tentially weaker fish were selectively impinged at Indian Point.

3. Protective Devices

Various mechanical or behavioral devices may be employed
in an attempt to prevent or reduce impingement. An alternate approach is
to accept impingement as an inevitable fact and maximize survival of im-

pinged fish for subsequent return to the water source. The 1974 studies

~evaluated air curtains, various intake screen combinations (fixed vs travel-

ing, intermittent vs continuous traveling), and a fish pump as means of re-

duéing impingement or the impact of impingement.

services group
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| SECTION II
IMPINGEMENT MONITORING AND QUANTIFICATION

A, INTRODUCTION

The 1974 Indian Point monitoring program was designed to
collect data with which to analyze seasonal occurrence, numbers, species,
and size composition of fish collected at Units 1, 2, and 3. To support this
objective, total numbers of fish collected per species were obtained and im-
pingement rates calculated. The efficiency of the fish collection process
was also determined. The influence of relative fish abundance and distribu-
tion in the Indian Point region on Indian Point impingement was evaluated
using stationary sonar, gill nets, and standard station beach seine and
trawl s.amples. ' The power plant as a gear type in the fisheries mark/re-
capture pfograrﬁ provided fish for use in population estimates and direct

impact assessment.

B, METHODS
1. Fish Collection

Thé fixed screens at Indian Point Units 1 and 2 were washed
daily between 0800 and 1200 by high-pressure water jets. Circulator flow
drew a portion of the fish and debris from the screens into the forebay where
they were impinged on traveling screens, each of which was washed individually,
with the wash water beingdrained through a sluice containing a 0.375-in.
square mesh collection screen. Approximately 20 min was allowéd for
the wash in order to assure completion of a full circuit of the screen. Fish
and debris were removed from the collection screen by hand or scap net. It
was sometimes necessary to stop the washing process and drain the sluice
several times when debris load was heavy so the collecting screen could be
cleaned without losing fish. Unscheduled screen washings performed to
alleviate head loss due to high debris loading or impingeﬂrnent were recorded in

the data base whenever possible.
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I1-1



Yy
.\\\\\h\ / P

services group

8-m) Depth

Artist's Concept (Not Drawn to Scale) of
II-2

Baskets Located at 6-ft (1.
Intervals on Fixed Screens 23 and 26

-1,

Figure II




&

fixed screens 23 and 26 at depths of 0, 6, 12, and 18 ft (0, 1.8, 3.7, and

In March 1974, horizontal baskets were attached to Unit 2

5.5 m) above the river bottom to study vertical distribution of impinged
fish (Figure II-1). Fish were removed from the baskets and screens by
hand. Unit 3 forebays are equipped:with traveling screens at the river edge
but have no fixed scree.ns. | Two modes of screen washing were employed:
screens were rotated and washed continuously or once every 4 hr, with the
screens completing one circutt every 10 min. }During’ ‘bo't,h modes; fish
e.ccumulated tn a screen box in the ‘wash-‘ water sluice and were co'lilecte‘d '

by hand or net at 4-hr intervals.

2. Fish Collection Processing

After total weights and numbers were recorded by species
except for strlped bass, white perch, and Atlantic tomcod, individual
lengths and welghts were recorded for a randorn sample of 25% of the f1rst
100 or less fish plus 1% of the fish in excess of 100 for each species. For
the other three spemes a stratlfled sampllng scheme was initiated wh1ch

consisted of sorting each spec1es into four length classes (strata)

1 =0mm - x
2=x+1mm- 150 mm
3 =151 mm - 250 mm
4:2251mm

where x is a variable length used to separate age class 0 from age class I.
- Sampling then proceeded by randomly choosing from each stratum for each
species 25% of the first 100 or less fish plus 1% of the fish exceeding 100.
Individual lengths and weights of all specimens in the subsamples were re-
corded for use in a comparative study of the length /weight relationship of

river and impinged fish;

From January to October 1974, scale samples were obtained

from the first striped bass and white pei‘ch c!ollected in each length division
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from each screen wash; during November, five individuals per division and
species were sampled for scales; in December, 15 individuals per division

and species . were collected. Scale sample abundance changes were initiated

in . November and December to make the impingement sample size comparable
to river samples with which they were statistically compared in an examination

of condition factors.

All striped bass, white perch, and adult Atlantic tomcod from
each washing were individually examined for the presence of tags or fin clips.
These data supported the mark/recapture, population estimation, direct im-

pact assessment, and hatchery striped bass survival studies.

3. Impingement Rate Determination

Performance engineers at Indian Point provided TI with cir-
culator flow rates and operating duration data (i.e., the time between con-
sécutive washings at a specific screen), and these data were used to calculate
the total volume of water circulated during a sampling period for each cir-;
culator. Numbers of fish collected during a screen washing were divided by
millions of cubic meters of water circulated during the sampling period to
produce an average impingement rate [numbers of fish per million cubic
meters (106 m3)], which has been used as catch per unit effort (CPUE).
Division of the sum of daily impingement numbers by the sum of daily flow
volumes for a specific period results in weekly, monthly, seasonal, and
annual average rates for each unit. Weekly rates are reported for consecu-
tive 7-day intervals beginning on 1 Januafy (Table B-1, Appendix B); calendar
months are used for monthly rates. Water temperature, Figure II-2, was

used to determine seasonal delineations as follows:

Winter Jan 1 - Mar 19 Low and relatively constant
Spring Mar 20 - Jun 17 Rising
Summer Jun 19 - Sep 17 High and relatively constant

Fall Sep 18 - Dec 31 Falling
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Figure II-2.. Annual Water Temperature Graph for Determining
Seasons. (Curves show maximum and minimum
temperature range)

4. Impingement Collection Efficiency Test

To estimate the number of fish impinged on the fixed screens
not recovered from the traveling screens by the collection process, fish
marked with water-fast dyes were released at the Unit 2 fixed screens and
recovery percentages cé.lculated; all tests were performed when the unit was
at 60% flow. The majority of the artificially impinged fish were young-of-the-
year white perch,‘ but older white perch and striped bass were also used in
numbers roughly proportional to their frequency in past collections. Test
specimens were released in front of screens 21 and 25 because recovery rates

might have been affected by the reimpingement of lost fish on adjacent screens.

services group
11-5 :



@O
Screen 21 at the southern end of the Unit 2 intake structure is bounded on only

one side by another intake (22), while intake 25 is bounded on both sides by
other intakes (24 and 26).

Since recovery fnay depend on irnpirigement_ duration and expo-
sure to loss factors such as trophic scavenging and scrubbing by air curtain
flows, dead fish were distributed 3, 9, 15, and 21 hr before collection. In two
tests, live fish wefe released 9 hr before collection in order to identify differ-
ences between live and dead fish in the te-st design. The point on the screen
where fish are impinged may also influence the potential for recovery; there-
fore, fish were released at five screen sites per time period (Figure 1I-3).

The test design is summarized in Table II-1.

Marked fish

were placed in a release

‘WATER :
F_LEVEL mechanism consisting of a

(59
QO
<t
w 0.25-ft x 1.0-ft (7. 5-cm x
=2
w .
30. 5-cm) tube with stoppered
So8md X X | PP
< ends (Figure II-4), and the
=
< mechanism was positioned be-
u.
u tween the air bubbler structure
Z 4.6 m- X
5 : and the fixed screen less than
o
g 0.5 m from the screen (Figure
Q
o .
; 6.4 m X X I1I-3). Ten fish were released

at each of the five screen loca-

tions. While impingement could

T I {
3.1m 2.3m O0.5m

DISTANCE FROM SOUTH EDGE OF SCREEN ment of dead fish was assumed to

not be directly observed, impinge-

Figure II-3 - be occurring.

Distribution of Fish Releases at Unit 2 Fixed
Intake Screens 21 and 25 for Impingement
Collection Efficiency Tests
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Table II-1

Summary of Test Design for Release of Marked Fish Used to
Estimate Efficiency of Impingement Collection Process?

,Fish Rele‘a‘.sed, No. of No. of Air Curtain Total No. of

Date Each Location Locations No. of Releases during Operation Fish Released Test Fish
(1974) on Screens . Each Screen Screens 24-Hr Tests during Test per Test . Condition
Nov 13 10 . 5 2 4 On 400 Dead

18 10 5 2 4 . off- 400 Dead
Dec 4 10 5 2 4 e 400 Dead

4 10 5 2 ! On 100 Live

9 10 5 2 a4 off 400 Dead

9 10 5 2 1 Off 100 Live
*Unit 2 was 60% flow throughout all four tests.

Fish were collected
during standard daily monitoring pro-
cedures. The screen at which each
fish was released, the screen from
which each fish was collected, the
date and time of collection, and air
curtain operations throughout the
duration of.the test period were re-
corded. Marked fish were not includ-
ed in daily fish collections records.
Differences between collectioﬁ effi-
Ciénc'y of screens 21 and 25 with and
without operations of the Unit 2 air
curtain were evaluated with chi-
square tests for dif%erences in prob-

abilities (Conover, 1971).

RELEASE LINE

CYLINDER

(77777 7 7 77,

CINDER BLOCK

RUBBER
CORKS

6" BOLTS

Figure II-4

Release Mechanism for Artificial
Impingement. of Fish
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5. Vertical Distribution of Impinged Fish

Vertical distribution of impinged fish at Unit 2 was evaluated
using fixed screen baskets (location and collection procedures described in
subsection B.2.). Total numbers of all species combined impinged by week
were determined for each basket on screens 23 and 26. Percents of total
species catch per basket were calculated instead of rates becauée data on
volume flow per depth interval were not available. Weekly percentages were
displayed in a bar diagram. Seasonal mean percents by depth were calculated

for two conditions of air curtain operation: on all day or off all day.

6. Relative Abundance Monitoring
a. Standard Station CPUE

Standard station CPUE data (Texas Instruments, 197 5) for trawl
stations 3 and 4 and beach seine statiohs 9 and 10, because of their proximity
to Indian Point (Figure II-5), were used to analyze relative abundance of the
river populations with respect to impingement rates. Standard station collec-
tions were made weekly and compared to weekly impingement rates from Indian

Point Unit 2 as described in subsection B. 3.

JONES POINT

Figure II-5

PEEKSKILL

Locations of Standard Stations 3, 4,
(Trawl) 9, and 10 (Beach Seine) Used
for Reldtive Abundance Comparisons
with Unit 2 Impingement Rates

INDIAN POINT

VERPLANCK §

STONY POINT - MONTROSE POINT
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To distinguish between river communitiés in open water and
shoals, 'me‘a.n Wéekly beach seine and trawl data were analyzed separately.
Unit 2 impingement rates and standard station weekly and monthly averages
were pldtted to demonstrate short-term temporal correlations or seasonal

trends.

g.. Gill Nets

Vertical fish distribution and density in front of Unit 2 were
assessed using two parallel 30-ft x 6-ft (9. 1-m x 1. 8-m) gill nets; the 0. 375-
in. (9. 5-mm) and 0. 75-in. (19-fnm) bar mesh monofilament nets were joined
lengthwise and marked off at 6 ft (9. 1-m) intervals parallelling basket inter-
vals on screens 23 and 26. The nets were suspended lengthwise from an
anchored floating dock centered approximately 25 ft (7.6 m) from and'per-
pendicular to the Unit 2 intakes (Figure II-6). Fish were removed from gill
nets daily and total numbers per species recorded by depth interval. Catch
per unit effort (CPUE) was calculated as number of fish collected per hour
that the nets were in the water (Appendix H). When gill nets were fished for
periods greater than 30 hr, the data were deleted from analysis for consis-
tency with impingement duration. Impingement rates for use in analyses were

calculated as described previously (subsection B. 3).

Weekly and monthly gill net mean CPUE were graphed with
impingement rates to analyze trends in total catch. To evaluate catch com-
position for evidence of gear selectivity, striped bass, white perch, and
Atlantic tomcod percent total catch per effort was graphed by week for gill

net and Unit 2.
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GILL NET DIMENSIONS
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Figure II-6. Vertical Gill Net Placement at Unit 2 for Study of Relative
Abundance in Vicinity of Cooling Water Intakes

C. Sonar

A standard commercial echo sounder (Ross Surveyor 2'00,
Table II-2) was used to estimate fish density in the vicinity of Unit 2 intakes.
The transducer, depicted in Figure II-7, was deployed on a fixed boom at the
center line of the forebay for circulator 21 and approximately 4. 6 m in front
of the fixed screen (Figures II-6 and 1I-8). The Ross system was adapted to
permit unattended recording of the signal echoes. Appendix I shows rede-

signed function control sequence and timer/recorder schematics.
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Table II-2

Specifications of Ross Surveyor 200 Echo Sounder
Used To Evaluate Fish Density at Unit 2

Feature

Specification

Normal depth range

Operating frequency
Soundings
Keying interval

Pulse length

Transmitter power

Transducer voltage

200 ft (full-scale scan of
four 50-ft increments)

200 kHz (nominal)
720 /min
83. 3 msec

Short, 0.1 msec
Long, 0.5 msec

500 w

320 v, rms

(z = 100 Q)

Receiver sensitivity 10uv

(for 5 v at detector)

Receiver dynamic range 55.5db

TVG voltage ‘ -10 v

(0.1 msec, min. gain)

Power requirement 117 v, 1¢, 60 Hz, 94 w
Beam width 22°

From 8 July to 2 August 1974, 5-min records were made at
4-hr intervals. Total echo counts were estimated from paper strip-chart
records and random recounts made to determine the precision of the count-
ing method. Total counts for the six records between 1200 and 0800 inclu-
sive were summed (Table II-3) for comparisoﬁ with impingement rates
determined in subsection B. 3. | Records from periods during which the air
curtain interfered with the transducer were not counted; when air curtain
interference voided one record, total sonar counts for that day were not used
in analyses. Total sonar counts were not converted to rates, since the soni-
fied volume was a constant; however, counts made by 6-ft depth intervals
were volume:trically adjusted to counts per cubic meter (CPUE) per depth

in_terval because of volume differences with depth in the conical sample zone.
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Figure II-7. Average Transducer Pattern Based on One Measurement

of Standard Ross "22 " Single-Element Transducer.
(Individual transducers may show some variation)
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Figure II-8. Placement of Sonar Transducer at Screen 21 for Study

of Relative Density
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Table II-3

Number of Sonar Counts and Numbers per Cubic Meter
Taken from Sonar Strip Recorder Chart

Sonar Counts

Total Surface - 6 Ft 6 - 12 Ft 12 - 18 F't 18 - 24 Ft

Date Number No. No. /m3 No. No. /m3 No. No./m No. No./m3
7/8/74 102 21 24.4 14 6.0 15 3.3 32 4.3
"9 252 37 43,1 33 14.2 76 16.7 106 14,2
10 438 42 48.9 59 25.3 139 30.6 198 26.5
11 552 96 111.8 88 37.8 144 31.7 224 29.9
12 184 28 32.6 52 22.3 54 11.9 50 6.7
17 594 108 125.8 136 58. 4 156 34,4 194 25.9
18 763 108 125.8 118 50.6 204 44,9 333 44,5
19 504 34 39.6 47 20.2 154 33.9 269 36.0°
20 308 73 85.0 33 14.2 82 18.1 120 16.0
21 557 78 90.8 85 36.5 98 21.6 296 39,6
22 373 40 46.6 58 24.9 100 22.0 175 23.4
24 354 —_ 76 32.6 88 19.4 190 25.4
26 661 117 136.2 128 54.9 141 31.1 275 36.8
27 890 . 193 224.7 166 71.2 220 48.5 311 41.6
28 341 46 53.6 57 24.5 90 19.8 148 19.8
29 499 82 95.5 94 40.3 124 27.3 199 26.6
30 579 162 188.6 119 51.1 142 31.3 156 20.9A
31 287 72 83.8 67 28.7 59 13.0 89 11.9
8/1/74 284 81 94.3 48 20.6 71 15.6 84 11.2
2 568 131 152.5 103 44,2 124 27.3 210 28.1
3 512 128 149.0 93 39.9 123 27.1 168 22.5
4 494 117 136.2 92 39.5 92 20.3 193 25.8
5 312 111 129.2 56 24.0 46 10.1 99 13.2

Daily Unit 2 and screen 21 impingement rates were used as the

independent variables and total daily sonar counts as the depe-dent variable

in linear regression to assess the correlation between sonar and screen counts.

Total counts for each record were graphed against 4-hr interval counts at

Unit 3 from 18 July to 23 July to determine if similar temporal patterns existed.

Percent catch per effort per depth interval was also graphed to permit compari-

son of depth distribution demonstrated by sonar, screen baskets, and gill nets.

II-13
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C. RESULTS AND DISCUSSION
1. Impingement Statistics

The total number and weight of impinged fish collected at
Indian Point in 1974 was as follows: Unit 1, 138,976 fish for 901 kg (1982 1b);
Unit 2, 750,182 fish for 3792 kg (8342 1b); and Unit 3, 35,086 fish for 177 kg
(389 1b). The seasonal species composition of impingement collections was
similar for all units (Table II-4) during any season, but the composition changed
through the year as a function of the life history of the vulnerable species.
These trends are related to the migration patterns of certain species. The
Hudson River estuary serves as a spawning and nursery ground for several
anadromous and resident species, the young-of;the-year and yeaflings of
which compose a major portion of impingement collections, Young-of-the-
year white perch migrate downstream and from the shoals to deep water at
an irﬁpingeable size in late fall. During winter and spring while concen-
trated in the channel area, white perch constituted a major portion of impinge-
ment collections, reaching maximum levels in winter and spring; white perch
impingement rates declined during the summer when they were feeding in the
shoals. Young-of-the-year striped bass migrate downstream to deeper water
at the edge of the channel during late summer in approximately equal numbers
(Texas Instruments, 1974a); however, at no time did striped bass comprise
more than a minor portion of impingement collections. Differences in habitat,
distribution, or physiological caéacity may have accounted for the dispropor-
tionate impingement of these two species. Clupeid downstream migration in

the fall was reflected by higher impingement rates for clupeids at that time.

Table 11-4

Summary of Seasonal Trends in Impingement Rates and Species:
Composition during 1974

Impingement Rates (No. /106 m3)
Season Major Species | Secondary Species Unit 1 Unit 2 Unit 3
Winter White perch 299 1733 95
Spring White perch Atlantic tomcod 254 1100 743
Summer Atlantic tomcod| Bay anchovy 434 860 1075
| Fanl White perch Blueback herring, 512 373 260
Atlantic tomcod
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Bay anchovies, which spawn in the lower estuary, migrate upstream in the
summer aﬁd thus were impinged in large numbers at that time. Atlantic tom-
cod was the major species impinged during the summer, with young-of-the-
year comprising a large portion of impingement collections in late spring, sum-
~mer, and fall and spawning-run adults comprising a large portion of late-

fall collections.

Unit 3 circulators were not operated during January, Febru-~
ary, a;nd March 1974, but one or two Unit 3 circulators were operated for
- approximately 1 week per month from April through December 1974. During
November and December, concurrent operatioﬁal testing of several circu-
lators caused fish from different forebays to be mixed and excessive wash
water to overflow and collapse the collection box; thus, these fish collec-
tions were abnormal and, although reco‘rded in data files, were deleted

from various impingement analyses.

Weekly, monthly, seasonal, and annuai total numbers and
weights of impinged fish are summarized in Appendix B, and pl ant opera-
~ tional data are summarized in Appendix D. Impingement rates (catch per
effort) are presented in Appendix B for the same time periods as are total
numbers and weights. Marked fish recovered in support of the population
esfifnaté, direct impact assessment, and hatchery striped bass survival

programs are listed in Table 1I-5.
2. Impingement Collection Efficiency Tests

Impingement collectién efficiency tests indicated a potential
ﬂ)r significant bias in irhpingement counts avt Indian Point Unit 2. The loss
of impﬁnged fish Ihay be related to severall environmental and operational
variables. Interreplicate variation for the tests with dead fish was high
when the air curtain was off but negligible when the air curtain was on

v

(Table 1I-6), indicating that the air curtain is the dominant factor affecting
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Table II-5

Number of Marks Recaptured through Impingement during 1974%

Fin Clips Tags Hatchery
Striped White Atlantic Striped White Atlantic Striped

Month Bass Perch Tomcod Bass Perch Tomcod Bass
Jan 0 5 2 0 0 0 0
Feb 0 2 0 0 0 0 0
Mar 0 5 0 0 2 0 0

o0 :
Apr 0 4 0 = 0 0 0 3t
May 0 18 0 a 0 0 0 0

o
Jun 0 8 o > 0 7 0 0
Jul 0 0 0 3 3 0 0
Aug 1 0 0 1 6 0 1
Sep 2 0 0 0 5 0 0
Oct 2 0 0 sé (’; 0 5 0 3

0

Nov 2 11 0 @ 0 4 0 2

3 0
Dec 2 6 385 0 4 2 12
Total 9 59 5 4 36 2 21
#Excludes right-pelvic, left-pelvic, and double-pelvic fin clips from white perch marked
during fall 1973.
t1973 stocking.

collection efficiency. Without air curtain operation, other variables (tide,

freshwater flow, circulator flow, etc.) interacted to influence collection

losses.

Fish recovery was significantly lower at screen 21 than at 25 when

the air curtain was being operated (Table II-7); with the air curtain off,

recovery rates were similar for the two screens and overall recovery was

significantly increased (Table II-8).

II-16
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Table II-6

Pere_ent Recovery of Artificially Impinged Fish Summarized
by Replicate for Both Modes of Air Curtain Operation

Air Curtain Percent Recovered |
~ Date. Condition Screen 21 Screen 25
Nov 13 On 8.‘0 16.0
18 Off 69.5 79,5
Dec 4 On 8.0 16,5
9 Off 37.5 36.5
Table 1I-7

Comparison of Screens 21 and 25 for Recovery Rates from Combined
13 November and 5 December Collection Efficiency Tests
air curtain was operable during fish release period,
difference is significant (x* = 12.78) ata = 0,05 level

_ No. Recovered on All Percent
Screen Released Unit 2 Screens Recovered
21 400 32 v 8.00
25 400 65 16.25

Table 1I-8

Comparison of Screens 21 and 25 for Recovery Rates from Combined

18 November and 9 December Collection Efficiency Tests
air curtain did not operate during fish release period;

difference is not significant (x4 = 1, 64) ata = 0. 05 level|.

No. Recovered on All

Percent

Screen Released Unit 2 Screens Recovered
21 400 214 53.50
25 400 : 232 58.00
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tions produced results similar to those of tests with dead fish. There was

One test with live fish performed under both air curtain condi-

no significant difference between results of tests with dead fish and one pair
of tests with live fish (Table II-9). It is not known what portion of impiﬁg‘ed
fish that were lost before collection on the traveling screens were viable

sPécimens, but survival rates in tests at U‘nit.Z in 1973 (Texas Instruments,

1974b) s‘howed less than 15% survival for fish collected.

Table II-9

Summary of Artificially Impinged Live Fish Recoveries during
Various Modes of Air Curtain Operation

. Operation No. No. Percent
Mode Screen  Collected Lost Recovery

On 21 2 , 48 4

25 4 ‘ 46 8

Off 21 28 22 56

25 : 25 25 - 50

When fixed screens are washed, some fish can be lost when
wash water jets blow fish back into the river. The air curtain has been ob-
sered to push back into the ri‘ver the fish removed.during fixed screen |

“washings. ‘The air cﬁrtain also may actively remove fish from the fiked
scfeeh and carry them into the river; fish thus removed are either carried
away by the river, reimpinged on the same or adjaceﬁt screens, or taken |
by scavenging sea gulls. Thé probability of reimpingement depends, in
part, on screen location and tidal étage when the fish are being removed
from the fixed screens; fish removed from screen 21 during ebb tide, for
exampie, are not exposed to adjacent circulator flow and could be carried
away by river flow, and fish removed from fixed screen 25 could be reim-

pinged at adjacent screens during any tide stage.
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test fish may not be impinged initially or fish may enter the intake forebay

. Several other factors may effect the low recovery rates: all

but not be impinged on the traveling screens. Higher recovery rates might
be expected with the higher intake velocity associated with 100% circulator

flow. Ongoing tests in 1975 will examine these problems,

Although the results of this study‘: indicate the Potential for signifi-
cant bias in the estimates of impingement magnitude, espec‘ially during air-cur-
tain operation, they are preliminary and should not be used to quantify such bias
or to compute corfection factors. To establish correction factors for impinge-
ment counts, more tests _would be necessary to determine the confidence inter-
vals for efficiency tests under a large number of vafiable combinations and to

verify the impingement of test fish.

3. Relative Abundance

The three methods used to assess relétive abundance sampléd
different portions of the river populations tﬁan those collected from Unit 2
screens and, therefore, were conéidered insensitive tools for predicting
impingement peaks or population vulnerability. Weekly standard station
CPUE had no appafent relation to impingement rates (Figure II-9). A plot
of mean monthly impingement rates (Figure II-10) reflects changes in fish
location associated with seasonal migration as indicated by standard station
data. The ifnpingement curve shows three periods of increased impingement.
White perch was the major species impinged in early spring and late fall
when peak bottom trawl catches indicated increased fish density in deep water
stations. Impiﬁgement decreased as the perch moved into the shoal areas
indicated by summer beach seine catch peaks. The summer impingement

peak was composed p‘rimarily of young-of-the-year tomcod which were col-

lected in higher densities on the east side of the channel near Indian Point,
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Figure 1I-9.
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While gill net and impingement collections showed similar
monthls‘r trends in catch per unit effort, there was no apparent short-term
relationship (Figure II-11). More specifically, the species composition of
the two sample populations was very dissimilar (Figure II-12). Striped bass
and white perch comprised the major segment of gill net catches, while tom-
cod catches Were»negligible; however, during the same period, tomcod formed
a large portion of impingement catches with few striped bass impinged. Screens

and gill nets do not sample the same portions of the river population., and it
. cannot be determined from these data which gear more accurately samp_led the .

river community in the immediate vicinity of Unit 2.

A 10% recount showed that the sonar counting estimate proce-
dure was a precise means of establishing the number of echoes recorded by

. the Ross system (Figure II-13).
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Figure II-12.

INITIAL SONAR COUNT

Figure II-13.
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The accuracy of the echo counts in identifying fish abundance
cannot be determined for this system. The only significant correlation (a =
0. 05) between sonaf and impingement data (Table II-10) was a negative cor-
relation bétween screen 21 white perch impingement and sonar counts. This
may indicate that the sonar was insénsitive to targets the size.of small young-
' of-the-year white perch impinged at that time. The genéral lack of correla-
tion may reflect the selective nature of intake screens and an insensitivity of

sonar to a large segment of the vulnerable population.

Graphs of daily Unit 2 impingement and sonar data (Figure II-14)
showed no apparent relationship. A 26- to 28- hr cyclic increase in fish den-
sity was apparent from graphs of 4-hr interval sonar data (Figure II-15); this
cycle does not correlate with an apparent 24-hr impingement cycle (Section

I1I). The pattern of sonar peaks may be a function of the tidal cycle.

Depth interval analysis of impingement (screen 23), sonar, and
gill net catches showed no apparent correlation between depths (Figure>II-16).
Almost 50% of all sonar echoes were counted in the 6-ft deep surface-layer;
counts at greater ‘de'pths were uniform and less than 20% of the total. Impinge-

ment and gill net catches showed greater variabilify between dépths and weeks.

"Table II-10

Results of 12 Regression Analyses Performed on Sonar and Impingement
Data Collected between 8 July and 2 August 1974

Variablesf Sample Size Y Intercept Regression Coef, Correlation Co‘ef. Std. Error Est.
X Y N a b r Sy'x
UZT xS 23 . 441.3009 0.0033 0.0627 182.8197
21,1_ xS 17 475.7576 -0.0l101 -0.1078 199.1202
UZSB xS 23 450, 1657 0.1296 ) 0.0169 183, 1536
ZISB xS 23 389.8913 4: 5299 . 0.2604 . 176.8578
Uz p xS 22 480.5079 -2.0565 -0.1308 . 181.6064
21WP xS 17 557.4533 -20.0452 -0.4609 ' <.177.7494
UZAT xS ) 23 449,2105 0.0014 0.0216 183, 1372
ZIAT xS . 17 469.6298 -0.0079 -0.0772 199.6897
UZBF x 8 23 463.4694 1.6210 0.3120 174.0382
ZIBF xS 17 484. 4237 '-3.0939 -0.1617 ' 197.6526
UZBA xS ;3 432.1807 0.0323 0.1290 . 181.6484
ZIBA xS 17 R 478. 7266 -0.0542 -0.1408 198.2922
TIndependent variables were: Striped bass (SB), white perch (WP), Atlantic tomcod (AT}, bluefish (BF),
bay anchovy (BA), and total (T) impingement rates at Unit 2 {U2) and screen ¢1 (21). Dependent
variables were sonar counts (S).
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Sonar will record all objects with a density significantly

different from the surrounding medium and larger than the lower sensitivity

of the hydrophone.

Both debris and fish (swim bladders) can be recorded,
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but very small fish or fish without air bladders are not likely to reflect a de-
tectable sonar signal (echo). At the current level of sophistication and sensi-
tivity, sonar is apparently an ineffective means of sampling intake area den-
sity in the assessment of impingement patterns. Differences in selectivity
and sensitivity of all four gear and the intake structures indicate that none of

these sampling gear are suitable for predictive analysis of impingement,
4. Vertical Distribution of Impinged Fish

Impingement collections from baskets at screens 23 and 26 dem-
onstra'_ced an uneven distribution of impingement over depth. The increased
impingement levels near the surface are shown in Figures II-17 through II-22,
and seasonal means by species and basket appear in Tables II-11 through II-13.
To determine if upwelling currents created by the air curtain were a factor in

‘the vertical distribution of fish on the intake screens, days were separated
according to whether the air curtain was on or off (Table II-14). The top two
baskets (1 and 2) always had the highest number of fish; basket 1 generally had
the most, and basket 4 always had the least. Thus, for all species and seasons
examined, impingement primarily occurred on the upper half of the screen. As
percentage of total catch, impingement was negligible on the lowest 6 ft of the
screens. The air curtain did not alter this pattern to a great extent although,
when the air curtain was off, collections were more evenly distributed between

the ﬁpper three depths.

The causes of these variations in vertical distribution of fish

- impingement cannot be determined from these data, but one possible controlling b_
factor is uneven approach velocity/intake volume distribution (Section III). Dif-
.ferences in nearfield vertical density indicated by stationary sonar may also
account for higher surface impingement. The impingement of higher percentages
of bottom-dwelling hogchokers near the surface may indicate the presence of ver-
tical eddy currents displacing fish toward the surface. A more complete under-
standing of the causes of this vertical distribution is needed before solutions

are sought by limiting the vertical zone of water withdrawal.
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Table 1I-11

Mean Percentages of Fish Collected in Each Basket
on Screens 23 and 26, Summer 1974

. Screen
23 S 26
Mean Mean

Species Basket’ (%) Basket™ (%)
Striped bass 1 38 1 36
2 35 2 43
3 17 3 16
4 10 4 5
Atlantic tomcod 1 42 1 45
.2 35 2 34
3 17 3 14
4 6 4 7
White perch 1 41 1 43
2 34 2 27
3 18 3 18
4 7 4 12
Hogchoker 1 52 1 47
2 22 2 25
3 16 3 21
4 - 10 4 7
All species 1 38 1 41
2 35 2 33
3 20 3 18
4 7 4 7

;'(Baskets numbered consecutively from top to bottom,

Table II-12

Mean Percentages of Fish Collected in Each Basket
on Screens 23 and 26, Fall 1974

Screen
23 26
Mean : . Mean
Species Basket™ (%) Basket™ (%)
Striped bass 1 59 1 48
2 28 2 28
3 12 ; 3 18
4 1 4 8
Atlantic tomcod 1 63 1 67
2 21 2 23
3 14 3 8
4 2 4 2
White perch 1 54 1 52
2 28 2 31
3 15 3 10
4 3 4 7
Hogchoker 1 55 1 50
2 26 2 24
3 10 3 23
4 9 4 3
All species 1 54 1 53
2 27 2 30
3 15 3 12
4 4 4 5
*Baskets numbered consecutively from top to bottom,

II-31
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Table II-13

Mean Percentages of Fish Collected in Each Basket
on Screens 23 and 26, Spring 1974 '

Screen
23 26
) Mean Mean
Species Basket™ (%) Basket™ (%)
Striped bass 1 71 1 47
2 9 2 30
3 20 3 19
4 0 4 4
Atlantic tomcod 1 26 1 36
2 53 2 39
3 18 3 18
4 3 4 7
White perch 1 37 1 52
2 34 2 29
3 28 3 16
4 1 4 3
Hogchoker 1 46 1 50
2 32 2 24
3 15 3 19
4 7 4 7
All species 1 38 1 50
2 35 2 30
3 26 3 17
4 1 4 3
“Baskets numbered consecutively from top to bottom.

Table II-14

Seasonal Mean Percent of Total Catch by Depth
at Screens 23 and 26 for Spring, Summer, and Fall 1974
{days with different air curtain (AC) modes were separated]

Spring Summer Fall
Screen Depth AC AC AC AC AC AC
: ' On Off On Off On Off
23 0-12 79.0 84.1 82.0 54.2 88.7 85.1
13-24 . 21.0 15.9 18.0 45.8 11.4 14.9
26 0-12 92.9 67.3 83.2 72.4 89.7 87.9
13-24 7.1 32.8 16.9 27.6 10.2  12.1
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SECTION III
FACTORS AFFECTING IMPINGEMENT

A, INTRODUCTION

To identify major sources of variation in impingement magnitude
and species composition, selected plant and environmental variables and indi-
cators of the physicél condition of fish were examined. The variables were
coﬁductivity, temperature, dissolved oxygen, tide stage, time of day, approach
velocity, and thermal recirculation. For indication of physical condition, fish
were examined for gill parasite infestation and pathological deterioration of

gill, spleen, liver, and kidney.

B. METHODS
1. Water Physical/Chemical Variables

Dissolved oxygen, .temperature, and conductivity were examined
because 1973 impingement data suggested that they were most likely to affect
impingement rates (Texas Instruments, 1974b). Unit 2 studies were designed
to examine daily impingement variation with environmental parameters as
independent variables; Unit 3 studies examined variations within days. Tem-
perature (°C) and dissolved oxygen (ppm or mg/{) were measured with a YSI
Model 54 dissolved oxygen and temperature meter; conductivity (umhos/cmz)

was measured with a YSI Model 31 SCT meter.

Measurements at Unit 2 intakes were made between 0800 and
1700 at high or low slack tide. Water c.hemistﬂry was measured at Unit 3 co-
incidental to 4-hr fish collecﬁons. Discharge canal water samples were col-
.lected simultaneously with intake measurements at Units 2 and 3. Data from
water samples collected at the surface and 2 ft above bottom were averaged

for each station. Impingement rates were graphed in conjunction with water
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III-1



@O
chemistry data collected during the same time period, Conductivity, tem-

perature, and dissolved oxygen concentrations were plotted with 4-hr im-

pingement rates for each of the 1-week Unit 3 study periods.

2. Diel and Tide Effects on Impingement

Diel patterns in impingement rates were assessed using Unit 3
fish collections. Total impingeirnent rates were plotted against time for each
fish collection period; on the plot, the predominant tide stage for each 4-hr

period was indicated in order to identify tidal influence on impingement rates.

.3. Plant Operation Variables
a. Thermal Recirculation

_Unit 3 intake temperature and tidal stage were used to identify
recirculation of the thermal plume and evaluate the influence of recirculation
~ on impingement. As described in Section II, fish were collected and intake
temperatures and tidal stage determined and reco‘rded’ever‘y 4 hr at Unit 3,
It was assumed that the thermal plume would be in the vicinity of Unit 3 in-
takes only at flood or high slack tides. Thermal recirculation was inferred if
an intake temperatdre increase of more than 0.5°C was associated with tide
stagé changes from ebb or low slack to flood or high slack between successive
water chemistry collections. When one sample indicated recirculation, the
occurrence of this variable was assumed throughout the period in which con-
secutive water samples collected at similar tide stages had the same or higher
temperatures. Impingement rates were graphed in temporal blocks around
. periods of recirculation to identify patterns in impingement rates related to

recirculation of the thermal plume.

b. Approach Velocity and Head Loss

Plant operational variables and impingement rates recorded at

Unit 2 were used to evaluate the effect of approach velocity on impingement. .

serVicés group
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~The accumulation of debris and fish

causes a decrease in open screen area MEAN

and an increase in waterilevel differ- T ] IESEL
1=

. ential across the intake screens. Head ‘uZ: 6.4 X X

loss was determined before each wash- g

ing; a lead line was lowered from a E

fixed elevation to the water surface in é

front of and behind the fixed screens g 4.0 X

and the difference between elevations &
o

from the respective water levels de- o ,

termined. Simultaneously, current 21-2 X | X

velbcity was measured (Figure III-1) 0

. 1.2 2.1 3.0
because head loss was expected to DISTANCE FROM NORTH

EDGE OF SCREEN (m)
affect current velocity, which could

Fi -1
influence fish vulnerability to impinge- igure III

5-Point Velocity Measurement

. Locations Used on Unbasketed
obtained approximately 0.7 m in front and Basketed Screens

ment, Five point measurements were

of the fixed screen with a Maréh- ‘

McBirney Model 711 electromagnetic water current meter. A mean approach
‘velocity was calculated from the five points in each group of measurements.
Correlation coefficients were calculated to evaluate the significance of a
linear relationship between impingement rates (striped bass, white perch,

Atlantic tomcod, and all species combined) and head loss and average ap-

proach velocity.

Current velocity screen profiles might be used to identify the

major zone of water withdrawal for evaluation of vulnerability and impinge-
ment depth distribution. One set of profile measurements (Figures III-2 and
III- 3) was made for each of 16 variable combinations at basketed and unbasketed

screens (Table III-1). A 2-way analysis of variance ( o = 0. 05) was performed
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on data from basketed and unbasketed

MEAN screens for each combination of vari-
ch T ] IESEL ables to determine if significant dif-
Es.ﬁ X X X X X . ferences existed between horizontal
: strata ‘(‘rows). Replicate measure-
%4.7 X X X X X . - ments under each set of conditions
5 were not made; thus, only one data
%2_9 X X X X X point existed for each column-row in-
% tersection or''cell." No interaction,
§1.0 X X X X X therefore, was assumed to provide a
s v testing error term. This assumption

was tested by Tukey's one degree of

0.5 1.3 2.1 3.0 3.7
DISTANCE FROM NORTH freedom test for nonadditivity; when
EDGE OF SCREEN (m)

the assumption was not verified, data

Figure III-2 » _ were appropriately transformed by
20-Point Velocity Measure- inversion (i.e., ——-—1—.) before
data point

ment Locations Used on

i into th lysi f
Basketed Screens 23 and 26 being entered into the analysis o

(Refer to Figure II-1) variance (Snedecor and Cochran, 1967).
MEAN
] ———TIDE
LEVEL
E.
=79 X X X X
Figure III-3 %67, X X X X
28-Point Velocity Measure- ;5.5 X X X X
ment Locations Used on ] '
Unbasketed Screens 21, 22, 543 X X X X
: =
24, and 25 230 X X X X
S
1.8 X X X X
o6 X X X X
=

o

0.9 1.8 2.4 3.4
DISTANCE FROM NORTH
EDGE OF SCREEN {m)
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Table III-1
Combinations of Tide Stage, Air Curtain, and Flowl Conditions
under Which Current Velocity Profile Measurements

Were Taken on Basketed and Unbasketed
Unit 2 Screens in 1974

Circulator

Air Curtain . Flow

Slack Tide Operation (%)
High On 60
High Off 60
High On 100
High ‘ Off : . 100
Low On 60
Low Off 60
Low On 100
Low - Off : 100

4. Fish Condition Studies
| a. Histopathology Survey

During April and May 1974, 145 white perch were collected
‘and delivered to Pennsylvania State University's histochemical laboratories
for histological analysis of pathological condition. Seventy-fivé live fish
(40 fish longer than 100 mm) were collected 5y beach seine and trawl from
Hudson River Regiqn I (Texas Instruments, 1974a) and 69 live fish (31 fish
longer than 100 mm) were collected from the Unit 1 intake screens. Preser-
vation and histologicalktechniques, as well as analysis and results, are de-
scribed in detail in the final report from Dr. William Neff, Pennsylvania State
University (Appendix E). Tissue samples from each specimen's gill, spleen,
liver, kidney, and buccal roof were examined. To assess the relative severity
of the various forms of histopathology encountered, several parameters were
examined, including mucous cell counts in the gills, measurements of cysts
in spleen and liver, and dimensions of tubules and glomeruli in kidney tissue,

A subjective grading system was devised to evaluate such abnormalities as
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amount of gill congestion and interlamellar debris, hyperplasia (epithelial
cell proliferation), presence of parasites, and degree of gill clubbing. The
overall numerical rating (Pathological Index) assigned to each fish considered
the presence and relative severity of various pathological conditions found in

the gill', spleen, liver, and kidney. The Pathological Index (PI) has a range

of 1 to 10, where 10 is most severe.

Further statistical analysis was performed on frequency of
gas bubble disease (GBD) symptoms. A chi-square test was performed on
the data set in a 2 x 2 contingency table to evaluate significant di_fferenées
between the pei‘éent of riv,er and impinged fish demonstrating GBD symptom.s.
The 95% confidence interval for the probability of GBD symptoms in impinged

and seined fish was obtained through the following formula (Conover, 1971):

A

" A A A
P-Z, & Jﬁ(l-p‘) <p<p+Z _a .V}p(l-g)
2 n 2 n
where
p = estimated probability of GBD
_ number of white perch with GBD
" total sample size of white perch
Z1 q = upper % point of standard normal density funcﬁon
T2
n = sample size

All other identified pathological features were treated de-
. scriptively and in terms of percent affected in the subsections for each organ.
b, Gill Parasite Study

Numbers of the isopod Lironica ovalis attached to the gills of .

impinged and river white perch, striped bass, and bluefish were recorded

services group
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weekly from 18 June through 16 October 1974 as an indicator of the general
physical condition of the two groups. Impingement collecting techniciues'are
described in Section II of this report, and Figure III-4 shows where the river
fish were collected near Indian Point with 100-ft beach seines (indicated by
Xs). Impinged and river fish were sampled on the same day through 19 July;
after that date, since impingement occurs during the approximate 24-hr

period prior to screen washing and sampling, river fish were examined 1 day

prior to impinged fish to reduce the chance that impinged and river fish were

* from different populations.

"The occurrence of
Lironica on river fish was recorded

immediately after seining. Impinged

JONES POINT

fish were examined during routine PEEKSKILL

laboratory processing, resulting in
an approximate l-hr lag between the INDIAN POINT
collection of impinged fish and the
recording of parasite loads.  Since VERPLANCK

the parasite readily detaches from

STONY POINT MONTROSE POINT

the gills after fish are collected, the

parasite load on impinged fish may

have an underestimate bias. Figure III-4, Locations of Beach Seine
‘ Stations Used for Determin-
-ing Lironica Infestation Rates.

Data recorded for both groups of fish (Appendix G) included

time, date, and method of capture; total number of white perch and striped

bass per length class; total number of bluefish; total number of infested . -

individuals per species; and, when applicable, length class. An individual

was condidered infested if at least one Lironica - was found on a gill or within

the opercular cavity. Chi-square tests for l-sided null hypothesis (Ho: P, = pz)

services group
I11-7



&

were applied to 2 x 2 contingency tables (Conover, 1971) to test differences

A

in percent infestation between collection modes for each species.

c. Dissolved Gas Saturation

Any source of rapid heating or high mixing in an aquatic
environment may create an area of dissolved gas supersaturation; under cer-
tain seasonal and thermal conditions, the potential exists for fish exposed to

‘these areas to develop gas bubble disease when supersaturated gas in the

.blood comes out of solution.

To determine if the poténtial for gas supersaturation exists at
Indian P.oint, dissolved nitrogen and oxygen levels in the Unit 1 intake bay -
and the effluent canal (Figure I-1) were monitored on a monthly basis from
July to December 1974. Monthly sampling periods included 2 days of gas
measurement: 1 day with full air curtain operation and 1 day without air
curtain operation. Replicate surface and bottom water samples were col-
lected at each sampling site with a 3-4 Van Dorn bottle and then transferred
to polyethelene bottles. Water temperature and dissolved oxygen concen-
trations were measured with a YSI Model 54 oxygen meter at the time that

' the samples were taken. Samples were refrigerated and within 24 hr analyzed

for nitrogen concentrations.

The nitrogen analysis technique released nitrogen gas from
solution by solubility reduction from heating (Post, 1970). Samples (525 m4
each) were transferred to an Erlenmeyer flask and treated with 5 m{ of one
normal potassium hydroxide (KOH): sodium sulfite (Na,S03) solution (mixed .
1:1 volumetrically) to remove dissolved oxygen and carbon dioxide. Samples
then were heated to 95°C for 75-90 min to release all gases from solution.
Gases evolved from heating were collected in a 50-m{ buret and measured
by volumetric displacement. All inert gases were contained in the final

volume, which was recorded as nitrogen since nitrogen occupies the only

services group
III-8



s

significant volume. Nitrogen and oxygen values were measured in milliliters

‘ per liter and parts per million respectively and converted to percent saturation

utilizing the theoretical saturation formula presented by Weiss (1970). An

atmospheric pressure of 760 mm Hg was used for all calculations. The two

replicate nitrogen values were averaged for each sample site.

Before each day's samples were run, an air-saturated distilled

water sample was analyzed to stabilize the dry system. In addition, a series

of saturated distilled water samples were analyzed to standardize the syStem.

The mean nitrogen saturation value of 10 standard samples was 81, 0% with

standard deviation of 3. 4%.and standard error of 1, 1% (Table III-2). A cor-

rection factor (100/81 = 1.2) was applied to all plant intake and effluent sam-

ple determinations.,

Table III-2

Results of Distiiled Water Sample Standard
Determination for Np Saturation

Standard Temp  Saturation

Series Sample (°C) N2 (mdt) Percent Mean

1 1 17.0 6.6 99.9%

1 2 17.2 5.8 88.2

1 3 17.1 5.4 81.9

1 4 17.8 5.3 81.5 81.6

1 5 18.4 5.1 79.3

1 6 18.3 5.4 83.8

2 1 16.3 6.9 103, 1%

2 2 16.6 5.0 75.1

2 3 16.8 5.4 81.4

2 4 16.2. 5.3 79.0 80.1

2 5 16,3 5.4 81.7.

2 6 16.4 5.3 79.3
*First blanks (system stabilization) were not entered in means.

-In the discussion of results, the intake and effluent N, and

O, levels are presented as bar graphs to illustrate differences between sam-

ple site and air curtain operation, These data are then described in terms

of GBD. potential at Indian Point.

III-9
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C. RESULTS AND DISCUSSION

1. Water Physical/Chemical Variables

» ' At Unit 2, there appeared to be no strong daily relationship
between impingement rates and either temperature or dis solvéd oxygen'
(Figures III-5 and III-6). White perch impingement displayed an inverse
relationship with seasonal temperature trends reflecting the movement of
pe rch between shoals and the channel which is keyed to seasonal rise and
fall of river temperatures. Minimums in the fluctuating low oxygén levels
during the summer occasionally appeared to coincide with young-of-the-
year tomcod impingement but no clear consistent relationshié was found.
Conductivit‘y, dissolved oxygen, and temperature had no effect on the diel

impingement patterns at Unit 3.

\ Conductivity was the 6n1y physical variable examined that
vs}as found to be strongly related to impingement. Examination of Unit 2
impingement/conductivity data in Figure III-7 reveals that impbingement is
not directly related to the level of conductivity but to movement of the salt
front through the Indian Point region. Similar to previous years' data,
impingemént peaks correspond to cbnductivity peaks throughout the year ex-
cept midsummer to fall, at which time the salt front is located in a semi-
stable position north of Indian Point. White perch dominated winter, spring,
and late-fall impingement collections, and impingement peaks generally oc-
curred behind the retreating salt front (Table III-3). These periods correlate
with data from standard stations which indicate white perch concentrations in
the deeper channel water (Texas Instruments, 1974a). Atlantic tomcod im-
pingement peaks in early winter and summer parallelled the movement of the
salt front past Indian Point. Adult tomcod peaks generally preceded the in-
cursion of the salt front in winter; young-of-the-year peaks fell in the leading

edge of the salt front and were associated with conductivity peaks.
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Figure III-5. Fish Impingement Rates and Temperature Measurements
i
at Indian Point UnitiZ during 1974 .
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Figure III-6. Fish Impingement Rates and Dissolved Oxygen Measurements
at Indian Point Unit 2 during 1974
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Figure III-10. Fish Impingement Rates
and Conductivity Measure-
ments at Indian Point
Unit 3 during 1974
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Table III-3

Number of Days on Which Major The relationship of im-
White Perch Impingement Peaks . . .
Followed Conductivity Peaks pingement peaks and the salt front is

supported by increased CPUE at stan-

Impingement Lag dard stations located near the salt
Month (days) _
- front (Texas Instruments, 1974a, 1975b).
Jan _ 6 The influence of conductivity on the con-
Feb Variable centration of fish and impingement may
Mar . 3 be related to preference of specific sa-
Apr. | -6 linity ranges, predation on concentrated
Oct* : Variable . . :
food organisms, or a physiological re-
Nov 3 sponse of the fish to salinity changes.
Dec 1 .
*FebruaryandOctober impinge- In summary, it appears
ment peaks roughly correspond
to conductivity peaks. that white perch impingement peaks can

be expected as the salt front recedes
during fall, winter, and early spring. Peaks in tomcod impingement rates
can be expected when the salt front approaches or remains in the area of
Indian Point during early winter and summer. Dissolved oxygen and §vater
temperature appear to have little effect on impingement. Water physical/
chemical variables are not major factors affecting diel variation of impinge-

ment rates,

2, Diel and Tide Effects on Impingement

Daily impingement rates at Unit'3 were highest between the
hours of 2200 and 0600 (Figure III-11), Tide stage had no apparent impact
on impingement. While diel patterns of fish impingement are obvious, the
precise nature of those patterns is uncertain. One species generally dominated
Unit 3 collections, accounting for the diel ifnpingement peaks (Table III-4),

No significant variation in impingement time was found among major species.
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Variation in the magnitude of the diel peak was related to the locatién of the
salt front discussed previously. Similar nighttime impingement peak.s were
identified at Unit 1 by air curtain-associated tests during 1973 (Texas Instru-
ments, 1974b) and at the Albany Steam Electric Generating Station (Lawler
et al, 1975)., Possible causes of the peaks ‘include movement of fish between

channel and shoal, vertical migration, and changes in activity levels.

The results of this study could be of great value when applied
to fish protective measures, Effective fish protective devices could be em-
ployed f_or.maximu'm efficiency between the hours of 2200 and 0600, saving
fuel and maintenance costs. The data suggest that a fish protective procedure

must be effective at night if it is to reduce total impingement significantly,

Table III-4

Major Impinged Species during 1-Week Operation of Indian Point
Unit 3 Circulators Each Month of 1974%

Month Species Peak Time
Apr White perch 0600/2200
May Atlantic tomcod 0600
Jun » Atlantic tomcod 0200/1000
Jul Atlantic tomcod/bay anchovy 0200
Aug Atlantic tomcod 0600/2200°
Sep Atlantic tomcod 2200-1000

_ (erratic)
Oct Alewife 0200
- *Time of major/minor peak also listed.
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3. Plant Operational Variables
a. Thermal Recirculafion

Depending on season and thermal history, fish may respond to
a thermal plume in one of sex}e_ral ways: avoid or select the plume, show stress
and physiological debilitation, or defnonstrate no discriminatory reaction.
Therefore, the spatiotemporal location of the thermal plume with respect to

the water intake structure might influence impingement.

No consistent relationship between impingement and recircula-
tion was found at Unit 3 (Figures III-12 and III-13), Any potential effect of the
thermal plume appears to have been superseded by the dominant diel impinge-
ment cycle (Figure III-11). Spring and summer thermal recirculation, as
defined for this analysis, did not consistently or significantly increase or de-
crease impingement at Unit 3; however, the influence of thermal recirculation
should not be entirely ruled out until a more accurate measure of thermal re-
circulation can be applied. During the winter, the attractive potential of the
thermal plume may be greatest and recirculation could present a problem;
Unit 3 data for this period were not available,
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Figure III-12, Impingement Rates at Unit 3 by Washing during
Periods of Thermal Recirculation in Spring 1974
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Figure III-13. Impingement Rates at Unit 3 by Washing during
Periods of Thermal Recirculation in Summer 1974

b. Approach Velocity and Head Loss

The relationship between theoretical and measured approach
velocities and head loss was discussed in the 1972-1973 Impingement Report
(Texas Instruments, 1974b). The average velocity measurements taken on

all screens are presented in Appendix D.

There were few significant correlations between the inde-
pendent variables (head loss and measured average approach velocities)
and impingement rates of striped bass, white perch, Atlantic tomcod, and
all species combined (Table III-5). The most common significant correla-
tions occurred between impingement rates and head loss. Average approach

velocities correlated significantly with impingement rates only four times.
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Only striped bass (<1% of the collections) spring impingement rates on the

unbasketed screens correlated with both independent variables.

Table III-5

Significant Correlations between Impingement Rates and Head Loss
and Average Measured Approach Velocities

. Correlation with Impingement
Circulator
Flow Head Loss Approach Velocities
Season Screens (%) Species®. (Ah) (Va)
Winter 21,22,24,25 60 SB No No
WP No No
AT No No
AS No No
Spring 21,22,24,25 60 SB Yes Yes
‘ ’ WP No Yes
AT No fish No fish
: AS No Yes
23,26 SB No No
WP No No
AT No fish No fish
AS No No
23,26 100 SB No No
WP No No
AT No Yes
AS No No
Summer 21,22,24,25 100 SB Yes No
WP No No
AT No No
AS No No
23,26 SB No No
WP No No
AT No No
AS No No
Fall 21,22,24,25 60 SB Yes No
: WP Yes No
AT Yes No
AS Yes No
23,26 SB No No
WP No No
AT No No
AS No No

*SB = striped bass
WP = white perch
AT = Atlantic tomcod

AS = all species combined

II1-29
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loss and impingement rates than between approach velocity and impingement

The ‘greater number of significant correlations between head

rates may suggest that head loss is, in fact, the dependent variable influenced
by numbers of fish impinged on a screen. If impingement rates are indepen-
dent of head loss and the observed approach velocities, those two variables
within the present operational conditions at Indian Point would have little

- effect on impingement rates.

The range of approach velocities found at Unit 2 appear to
have had little influence on impingement rates, The minimum velocities
measured may have been above the threshold which commonly impinged
species and life stages are able to avoid. It should be noted that high debris
.loads apparently negate the effect of winter flow reductions on approach. ve-
locity. Itis also possible that volume and fish abundance are morer impor-
tant factors influencing the magnitude of impingement rates than is velocity.
Differences between species composition, life stage, and metabolic activity
during winter (60% flow) and the rest of the year (100% flow) make compari-

sons of velocity effects between the two periods difficult, if not inappropriate.

Velocity measurements showed a high degree of variability
over the screen surface, with several high and low velocity regions. There
were no significant differences between vertical mean velocities in 10 of the
16 cases tested (Tables III-6 and III-7). Where significant differences oc-
curred at basketed screens, velocities at the.‘surface were generally higher
(Figure III-14); unbasketed screens were more variable, but lower velocities

occurred near the bottom (Figure III-15)., Tide, air curtain, and flow rate

did not affect the vertical profiles,
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Table III-6

Significant (a = 0.05) Differences between Mean Horizonta“l Veiocities
Measured on Basketed Screens at Unit 2 in 1974

: Distance from , -
. Air Curtain Flow River B{)ttom ‘Mean Horizontal Velocity
Tide Condition (%) (ft) (ft/sec)
High On 60 21.5 No significant differences
15.5 between depths
9.5
3.5
High- On 100 21.5 1.74
15.5 1.20
9.5 0.82
3.5 0.72
High Off 60 21.5 1.81
15.5 1.60
9.5 1.16
3.5 0.72
High Off 100 21.5 No significant differences
15.5 between depths ‘
9.5
3.5
Low On 60 " 21.5 No significant differences
15.5 between depths
9.5
- 3.5
Low On 100 21.5 2.18
15.5 1. 49
9.5 0.53
3.5 0.68
Low Off 60 21.5 0. 84
15.5 1.32
9.5 0.80
3.5 0. 62
Low Off 100 21,5 No significant differences
15.5 between depths
9.5
3.5

*Indicates significantly lower mean velocity.

I11-31
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Table III-7

Signi.ficant (o = 0.05) Differences between Mean Horizontal Velocities
' Measured on Unbasketed Screens at Unit 2 in 1974 "

o Distance from
] Air Curtain Flow River Bottom Mean Horizontal Velocity
Tide Condition (%) (ft) - . (ft/sec) ’
Low Off - ‘ 60 : 26 0.51
: ' 22 1.25
18 0.92
14 1.05
10 0,82
6 0,66
2 0.75
Low Off - 100 26 0.59
22 0.68
18 0.55
14 0.89
10 1.30 -
6 0.83
2 © 0,56
Low On 60 - 26 No significant differences
22 between depths.
18 .
14
10
6
2
Low : On . 100 26 No significant differences
s 22 between depths
18
14
1.0
6
2
High On 60 26 No significant differences
: 22 between depths
18 :
14
10
6
2
High On 100 26 No significant differences
) 22 between depths
18
14
10
6
2
High Off C 60 26 No significant differences
- 22 . between depths ’
18
14
10
6
2
High Off 100 26 No significant differences
22 between depths -
18 ’
14
10
6
T2

*Indicates aigniﬁcaﬁtly lower mean velocity.
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mode and head loss appear to have little effect on impingement rates at Indian

In summary, approach velocities in the Indian Point operational

Point. The vertical velocity gradient shown by profile measurements may
account for the higher impingement rates at the surface, and this may be a
function of greater volume filtered at the surface rather than a direct func-
tion of velocity. These data indicate that any method employing velocity to
reduce impingement might require velocity vector manipulation rather than

straightforward velocity reduction.

4, Fish Condition Studies
a. Histopathology Survey

Some form of histopathology occurred in 94% (136) of all fish
examined:v 58% displayed moderate to 'severe. tissue damage (Tables E-4,
E-5, and E-6 of Appendix E). In the 1972-1973 Indian Point Impingement
Report (Texas Instruments, 1974b), a lower ovgrall incidence of pathologi-
cal conditions (67%) and considerably fewer fish with moderate to severe

tissue damage (20%) were reported.

‘ ~Although gill .pathology occurred in 46, 9% of the fish, none
of the observed damage contributed greatly to the Pathological Index (PI)
assigned to each animal; gill abnormalities contributed approximately 1.3
units to the PI for each fish with a gill pathology. The incidence of gill

pathology in specimens analyzed is summarized in Table III-8.

Table III-8
Incidence of Major Gill Pathology in Seined and Impinged Fish
Total
Affected Hyperplasia Congestion Parasites Clubbing
Population [n(%) 1% Mn(%)] [n(%)] [n(%)] [n(%))
Seined 27 (36) 19 (25) 3( 4) 8 (11) 9 (12)
1 5(7
Impinged 31 (45) 22 (32) 9(13) 14 (20) 7
Total 58 (40) 41 (28) 12 ( 8) 22 (15) 14 (10)
#n = number of fish with designated pathology
% = percent of group of fish with designated pathology
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_analyzed, contributing an average 1.6 units to the assigned PI of each

Spleen histopathology was observed in 51. 7% of the animals

.ani_mal. Seined fish showed a higher incidehce_ (63.2%) of spleen pathology
fhén did impinged fish (39.1%). Table III-9 summarizes the incidence of
various spleen pathologies. These histopathological conditions of the .
spleen are symptomatic of poor oxygen supply, stagnation and degeneration
of blood, and splenic response to chronic systémic infestation, portal con-

gestion, and tissue-destructive processes,

Table III-9
Incidence of Spleen Pathology in Seined and Impinged Fish

Total Vascular Pigment
Affected Necrosis Congestion Amyloidosis Deposits
Population [n(%)]}*  n(%)] [n (%)) (%)) Ta(%)]
Seined 48 (63) 45 (59) 2( 3) 2( 3) 26 (34)
Impinged  27(39)  17(25) 7(10) 3( 4) 32 (46)
Total 75(52)  62(43) " 9( 6) 5( 3) 58 (40)
*n = number of fish with designated pathology
%= percent of group of fish with designated pathology

A\
Some form of liver abnormality was found in 76. 6% of the

fish examined, contributing an average 1, 5 units to the assigned PI for
each affected specimen. Although there were substantial differences be-
tween seined and impinged fish with respect to specific types of histo-
pathology, there was no difference in the overall incidence of liver histo-.
pathology between the two groups. The incidence of liver histopathology
in specimens examined is summarized in Table [1I-10, These forms of
pathology can result from severe bacterial or viral infection, toxic injury,
and ischemia. Cytoplasmic and nuclear degeneration indicated cell death.
substantially preceding fixation. All fish were alive at the time of preser-
vation. A significant percentage of fish in both the impinged (44. 6%) and
seined (36.4%) groups showed combinations of common forms of liver
histopathology (bizzarre cells, cytoplasmic vacuolation, PAS-positive

droplets, and necrosis). Other less frequent forms of pathology included
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congestion (4. 8%), cloudy swelling (2. 8%), -and edema (6. 9—%). Although

it is suspected that much of the observed liver histopathology is inter- -

related, there is insufficieht confirmation®to make any definitive diagnbsis.

" Table III-10

Incidence of Liver Pathology in Seined and Impinged Fish

Total Bizarre Cytoplasmic Pigment
Affected Necrosis Cells Vacuolation Deposits
Population (a(%))x  n(%))] [n(%)] [n(%)] Tn(%)1 -
Seined 55(72) 7(9), 23(30) 31(41) 8(11)
Impinged 56 (81) 12(17) 30 (43) 15(22) 21 (30)
Total 111 (77) 19 (13) 53 (37) 46 (32) 29 (20)
*n = number of fish with designated pathology
%= percent of group of fish with designated pathology

Kidney histopathology was observed in 59. 3% of the specimens
examined, contributing 2.2 units on the average to the assigned PI for each_
animal show\ing kidney damage. Also, there was a substantial difference in
the overall incidence of histopathology between seined (53.9%) and impinged
(65.2%) fish; this difference, however, does not account for the specific
types. of abnormalities or the relativé severity of any of these conditions.
Table III-11 summarizes the incidence of renal pathology in the group of

fish examined. As might be expected, a large percentage (approximately
40%) of the fish examined displayed combinations of the more general forms
of renal histopathology. These conditions probabl{r are interrelated and, as
such, are.pétrt of a pathological syndrome., Unfortunately, because of the

limitations inherent in histopathologic analyses, the origin of most of the

observed pathology cannot be specified.
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Table III-11
Incidence of Renal Pathology in Seined and Impinged Fish

Total Cloudy
Affected Edema Swelling Amyloidosis Casts Necrosis

Population [n(%)]* [a(%)] Tn(%] ln(®]  [a(%))  [a(%)]

Seined 41 (54) 23 (30) 16 (21) 8(11) -~ 25(33) 13(17)

Impinged 45 (65) 9(13) 28 (41) 12(17) 34 (49) 2( 3)

Total 86 (59) 32(22) 44 (30) 20 (14) 59 (41) 15 (10)
*n = number of fish with designated pathology

%= percent of group of fish with designated pathology

The 1974 specimens were comprised of considerably larger
fish (average weight, 14.8 g) than those examined in 1972-1973 (Texas
Instruments, 1974b) and, although there were exceptions, the larger fish
generally showed a consistently higher Pathological Index (Table E-8 in
Appendix E)., Although the incidence of pathology was somewhat higher
in impinged fish (95. 7%) than in seined specimens (92.1%), the mean PI
for these two groups was identical (PI = 4), Kidney damage was clearly
the most severe form of histopathology recorded (Table E-8 in Appendix E),
with liver histopathology contributing significantly to the PI, particularly

in the larger fish, and gill and spleen damage contributing least.

Exéluding the spleen, all organ systems in impinged fish
showed a higher percentage of pathology than did those in seined fish (Table
I1I1-12), which may indicate that an overall weaker segment of the population
is being impinged; however, the high level of pathology in the popﬁlation as
a whole may void the idea of '"weaker'' or ''stronger' in this situation. The
use of percentages also neglects the relative severity and synergism of
various forms of pathology, which probably confounds any comparative

statements about condition.

b. Gill Parasite Study

During the summer salt intrustion, the isopod gill parasite

Lironica ovalis is introduced into the Hudson with migrating host bluefish.
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Table III-12

Incidence and Percent Occurrence of Pathological Symptoms in
Fish Examined from Beach Seines and Indian Point Intake Screens

Gill GBD Spleen Liver  Kidney
Population [n(%))* [n(%)] [a(%)] [n(%)] Tn (%))

Seined 27 (36) 7(9) 48 (63) 55 (72) 41 (54)
Impinged 31(45) 31 (45) 27(39) 56 (81) 45 (65)

Total 58 (40) 38(26) 75 (52) 111(77) 86 (59)

*n = number of fish with designated pathology X
%= percent of group of fish with designated pathology -

While in the river, Lironica transfers to the gills of white perch and striped
bass, causing hemdrrahaging and reducing the area for respiratory gas ex-.
change. This can severely affect the general physiological state and swim-
ming ability. TI first reported on this in the first Indian Point Annual

(Texas Instruments, 1973a),

.As indicated in Tables III-13, III-14, III-15, and III-16,
there ‘were significant differences in parasitic infestation between impinged
and seined fish at the 95% confidence level for each species. Impinged
white perch and striped bass had a higher incidence of parasitism than did
river fish, while the frequency of parasites on ifnpinged bluefiéh was lower
than on river bluefish (Figures III-16, IIi-l7, and III-18). Smaller white
perch and striped bass in both groups had fewer parasites than did larger -
fish of the species (Figure III-19). These results agree closely with the
1973 results (Texas Instruments, 1973a). Parasite frequency was not com-
pared among bluefish size classes since, at any period, almost all bluefish

were the same length,
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Table III-13

- Gill Parasite Infestation in Impinged and Beach Seined Bluefish Collections

No. No. Percent
Population Infested | Not Infested | Total Infested
Intake screen 62 73 135 45,93
(impinged)
Seined river 70 27 97 72.16
(control)
Total 132 100 232

Table III-14

Gill Parasite Infestation in Impinged and Beach Seined Striped Bass Collections

No. No. Percent
Population Infested | Not Infested Total | Infested
Intake screen 15 152 167 8.98
(impinged) ‘
Seined river 5 166 171 2,92
(control)
Total - 20 318 338

Table III-15

Gill Parasite Infestation in Impinged and Beach Seined White Perch Collections

: No. _ No.. Percent
Population Infested Not Infested | Total | Infested
Intake screen 46 616 662 6.95
(impinged)
Seined river 1 231 232 0.43
(control)
Total ' | 47 847 894
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Table III-16

Significant Relationships (@ = 0. 05 Significance Level) between River and:
Impinged Fish from 2 x 2 Contingency Tables

Chi-Square Site of Higher
‘Speciest Values* - Infestation
White perch 15.85 Impingement
Striped bass 5.57 Impingement
Bluefish 14. 65 River

*One degree of freedom

TBluefish were of almost homogeneous length at any point in time;
striped bass and white perch length classes were combined.
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Figure III-16, Percent Infestation for White Perch by Week. (Only
samples with at least five fish were plotted)
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Figure III-19. Catch and Infestation Distribution by Length Class

for Striped Bass (left) and White Perch (right)

Since impinged fish had a higher incidence of Lironica
infestation, it might be inferré_d that impinged white perch and striped bass
populatidns are generally weaker than '"mormal' river fish of the same
species; however, it has not been established whether the inferred weakened
condition increases susceptibility to parasites or whether parasites induce
the poor condition. By the same reasoning, it would be inferred that para-
site- weakened bluefish are less susceptible to impingement since river fish
had a higher incidence of Lironicq infestation; this so contradicts the infer-
ence made for white perch and striped bass that it becomes apparent that the
relationships between host, predator, and environment are not entirely under-
stood. Therefore, caution must be exercised in making conclusions concern-
ing impingement and parasitism since the higher parasite infestation of im-
pinged fish may have been an artifact of impingement duration (up to 24 hr)..
It can be postulated, however, that bluefish, a primary host of Lironica, has

developed a tolerance for the parasite and that white perch and striped bass,
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as only incidental hosts, are more stressed by Lironica parasitism, which

thus contributes to their impingement; i.e. , the intake screens may be

acting as selective predators on infested white perch and striped bass,

c., Gas Bubble Disease Potential

Histograms of percent nitrogen and oxygen saturation (Figure
III-20) show that the effluent saturation levels were consistently higher than
the intake levéls. (For a list of dissolved nitrogen and oxygen concentrations
in intake and effluent water samples, refer to Tables F-1 and F-2 of Ap-
pendix F.) Oxygen was never more than 95% saturated at the intakes, but
effluent levels surpassed 100% in four of five cases when the air curtain
was on and two of five cases when the air curtain was off. Intake and effluent

nitrogen concentrations often exceeded 100% saturation.

Intake water subjected to rapid heating becomes supersatu-
rated because gas solubility decreases as water temperature increases and
there is no instantaneous gas equilibration (volumetric decrease) to the
higher'temperature. Supersaturated gas levels may appear in aquatic re-
‘gions subject to high mixing rates. Fish exposed to critical levels of super-
éaturated dissolved gases (nitrogen and/or oxygen) may develop gas bubble
disease (DeMont and Miller, 1971; Marcello, 1974; Miller, 1973); this oc-
curs when the body fluids of fish become supersaturated and excess gases
leave solution during equilibration, forming bubbles in the blood and tissues
which accumulate in constrlicted areas and may be lethal due to circulatory

interference.

Conditions conducive to development of gas bubble disease
(GBD) in fish (2110% saturation of dissolved gases) occurred in seven ef-
fluent samples. These samples were collected inside the discharge canal,
in which case dilution or accelerated equilibration of dissolved gases might

have been expected because of release of water through the discharge jets.
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averages for one monthly sample with air curtain on

Intake and Effluent Canal. [Data are surface/bottom
(left) and off (right)]

Figure III-20. Dissolved Nitrogen (lower) and Oxygen (upper) in Unit 1
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Apparent gas accumulation was observed in the gill lamellae of 26% of fish
subjected to histopathological analysis (Table E-7, Appendix E). The inci-
dence of lamellar gas bubbles and 95% confidence intervalé were 9.2% (5.9-
12, 5%) for seined fish and 44. 9% (33.2-56.7%) for impinged fish. This con-
dition was morphologically distinct and easily identified byv sepé.rating the
respiratory epithelium frdm the supporting and vascular components of the
gill lamellae (Figures III-21 and III-22). The severity of the condition
varied notl only with the number of lamellae invélved but with the extent to
which the respiratory epithelium was separated. However, no specimens:
were included in our count unless numerous lamellae on several filaments
were affected\}a.nd the epithelium was separated along most of the length of
involved lamellae, A significant (g = 0.05) XZ value of 23,87 was obtained
for differenées in lamellar gas bubble incidence between impinged and
seined fish (Table III-17). The presence of gas bubbles in the roof of the
mouth (buccal cavity) was extremely difficult to verify because of the natural
tendency for separation of epithelium from underlying connective tissue dur-
ing dissection and processing., Only isolated well-defined epithelial sepa- |
rations were considered to be due to gas accumulation within the tissue.

Using these criteria, only 9. 0% of the fish had gas bubbles in the buccal roof.

Epithlial separations and accumulation of gas within the gill
lamellae and buccal roof are considered to be good diagnostic characteristics
of gas bubble disease. Less specific histopathology such as renal tubular
necrosis, edema, and abnormal architecture in both spleen and liver have
also been associated with this disease. While all of these histopathological
changes have been noted in this group of speéﬁhens, it s.hould not be assumed
that all of them are related and therefore symptomatic of gas bubble diseé.se.
Major reservations in making positive diagnosis were that a large percentage

(66%) of the fish displaying gas bubbles in the gills did not display buccal roof

lesions and there were no observations of gross symptoms, such as exophthalmos
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Figure III-21. Gill Filaments (H & E Stained and Based on 50X
Magnification) Showing Hyperplasia (Increase in
Interlamellar Cells), Partial Clubbing of Gills,
and Epithelial Separation

Figure III-22. Trematode Parasite among Lamellae on Sections of

' Two Filaments (Based on PSA, 250X Magnification)
with All Lamellae Showing Extensive Epithelial

Separation Due to Gas Accumulation Typical of Gas

Bubble Disease
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Table III-17

Contingency for Presence/Absence of Gill Gas Bubble Pathology
for Two Fish Populations Examined in Histopathology Study

Population Presence Absence Total
Seined 7 69 76
Impinged 31 38 69
Total 38 107 145

or gas bubbles under the skin, which are associated with the disease. It

should be noted, however, that lamellar gas bubbles are early-stage symp-

toms of gas bubble disease, whereas other gross lesions are symptomatic

of more advanced stages of gas bubble disease,.

The location or cause of supersaturation responsible for

the occurrence of gas bubble disease in the river cannot be isolated. Any

heat source, under certain thermal conditions, can be a potential source.

No information is available, however, about background levels of gas bubble

~ disease in unaltered natural systems or relating background levels in the

Hudson River with artificial (man-made) heat discharge.

III-47
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SECTION IV
FISH PROTECTIVE MEASURES

A, INTRODUCTION

Impi.ngement solutions can be approached from two directions
with varying levels of suécéss. This study has addressed‘both alterhati.x/;es.
The first approach atteinpfs to prevent impingement. This method was evalu- -
ated with air curtains and alternate modes of intake screéﬁ operation. - The
second method accepts the fact of impingement and seeks to minimize physi-
cal damage and maximize survival of impinged fish. A fish pump §vas evalu-
ated as part of a bypass system with which to transport impinged fish back

to the water source,.

B. METHODS
I. Air Curtain Operation

Air bubblers were installed as fish protective devices at all
Units 1 and 2 intake screens and atvUnit 3 screen 36, The effectiveness of
these devices at Unit 1 was evaluated by analysis of covariance (ANOCOVA)
with conductivity and temperature as covariates. Impingement rates of
striped bass, white peréh, tomcod, and all species combined were tested
by season for a significant difference between full days of complefe air cur-
tain operation and days with no air curtain operation. Screen 14 data were
used from days on which intake 13 and 14 air curtains were in the same

operational mode; this prevented interference by adjacent air curtains.

ANOCOVA assumes homogeniety of variance and normality .
of data. These assumptions were tested by Levene's, Cochran's, Bartlett's,
‘and F-Max tests of homogeniety (Brown and Forsythe, 1974; Winer, 1971)‘
and b}? Anderson-Darling and Shapiro-Wilkes statistics for normality

(Stephens, 1974). The assumptions were also tested for transformed data -
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[logig (x+1), VX, l/x]. All species/season combinations except spring
and summer striped bass and spring Atlantic tomcod satisfied both assump-
tions; the large number of zero impingement days accounts for the lack of
normality and the rejection of these three data blocks. Other data blocks
were rejected when the air curtain was in one mode. The logjg (x+1)
transformation of impingement rates uniformly satisfied the assumptions
and was used in the analysis of covariance (ANOCOVA-BMDX-64) program).

An examination was made of the applicability of the test model/equation

logio (Yij + 1) =uta; +81+X35+ 8 2Zi; + €4:

J J
where .
e .th . .
Y.lj = impingement rate, j wash, air curtain rnode_1
Xij = cqnductivity (umho /cmz)
Zij = temperature (°C)A

Plots of the residuals eij against Xij and Zij demonstrated
no spurious results due to the covariates and verified the model. Further
tests were performed in which the covariates were also transformed. Im-
pingement rates of striped bass, white perch, tomcod, and ali spécies cofn-
bined were tested for a significant differ.ence between fﬁll days of cofnplete

air curtain operation and days with no air curtain operation.

2. Mode of Screen Operation

Differences between continuously operated traveling screens
and fixed screens were examined using impingement rates at Unité 2 and 3
during 1974. Unit 3 traveling screen 34 was washed continuously for 1-week
intervals each month during the spring and summer of 1974; Unit 2 unbasketed
fixed screens (21, 22, 24, and 25) were washed once daily and mean daily
rates calculated for the same l-week periods. Differences among impinge-
ment rates at the two units were examined with a paired t-test at the 0. 05

significance level.
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3. Fish Pump Tests

A soft-impeller centrifugal fish pump manufactured by

Pacific Pump Company was tested during 1973 and 1974 as a device for

transporting fish collected from intake screens back to the river at a

point remote from the intakes. Figure IV-1 shows manufacturer-rated

pumping capacities.
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Percent contours indicate efficiency of
pump operation; dashed contours give
horsepower rating.

Figure IV-1,

250 500 750 1000 1250 1500
FLOW RATE (gpm)

Capacities of Fish Pump Used fér Testing
Fish Transport System. (Courtesy of Pacific
Pumping Company)

The pump was installed in a dry pit (Figure IV-2) outside

the southwest corner of the Unit 1 pumpwell house. The pump intake was

connected to the wet pit by a pipe approximately 6 in. (15.2 cm) in diameter
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and 12 in. (30.5 cm) in length., Unit
1 service pumps supplied water to the
wet pit via the wash-water sluiceway,

SERVICE WATER
Water and fish entering the fish pump : v l PUMP INTAKE

were discharged through a 6-in, (15, 3~ :
FISH 1

cm) diameter pipe 650 ft (198 m) long CONF THEMENT '\’: [~ —PUMP

and received by two 3-m x 0, 6-m
———|—PUMP EFFLUENT

circular holding pools located near .

the Unit 3 dock. WET PIT DRY PIT

The fish pump was tested
during 1972-1973 (Texas Inst'ruments,

1974b) in the spring at the following Figure IV-2., Location of Fish Pump

' with Respect to Wet and
Dry Pit for Use in

to 1750 rpm. During 1974, there were .. Transporting Fish Away
from Intake Area

pump speeds: 640 to 805 rpm and 850

two tests under winter temperaturev
conditions (0.5 to 2. 5°C): 375 to 450
rpm and 475 to 550 rpm. Con Edison Indian Point performance engineers
fneasured pump speeds (rpm) with a Hasler revolution meter. A range of
pump speeds was recorded for each test because fluctuations in hydraulic
head in the wet pit produced fluctuations in pump speeds, The 1974 tests
used hatchery-reared young-of-the-year striped bass (70 to 110 mm) which,
prior to testing, were held in aerated flow-through 400-gal. (1514-1) tanks.
Fifty test fish were placed in the wet pit aﬁd crowded near the fish pump
intake; they passed through the pump and were discharged into the holding
pool, a process which took from 15 to 30 min. Simultaneously, as a test
control, 50 fish were removed from pretest holding tanks and placed in an
adjacent holding facility for handling-induced mortélity. Temperature,
dissolved oxygen, percent mortality, and the general condition of all fish
were recorded immediately after and 24 hr after pumping. Condition was

recorded as healthy, damaged, passively alive (floating on side), and dead.
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The 24-hr survival rates for the test group (pumped fish) were calculated

by the following equation (Bell et al, 1967):

P
t
P =—
. P PC

where

P = adjusted proportion surviving pumping
P_= observed proportion of test groﬁp
surviving pumping plus 24 hr

P = observed proportion of controls
surviving 24 hr " :

' C. RESULTS AND DISCUSSION

1. Air Curtain Operation

ANOCOVA results (Table IV-1) showed no significant air curtain
effect for any of the data groups tested. While conductivity and temperature ef-
fects were occasionally significant (@ = 0.05), operation of the air curtain ap-
parently did not influence impingement rates as depicted by the covariance model.
Further tests of the covariate model with 'manipulatio.ns' of the number of covari-
ates and transformations of the covariates indicated no significant effect. Anal-
ysis' of 1973 impingement rates for air curtain effect showed no significant dif-
ference between modes of operatioﬁ (Texas Instruments, 1974b). Tests at that
time also indicated the potential for higher impingement when the air curtain
was operating. If initial data from collection efficiency tests prbvze accurate,
it is prob‘able‘ that actual impingement of fish ’d‘ur'mg air curtain Ope'ratibn is in-
creased although collection efficiency is decreased. This potential may be a re-
-sult of the attraction of fish to current.'eddies created by the air curtain (Parkin-

son, Delachanal, 1972).

Studies to evaluate air curtains elsewhere (Bates and VanDer

walker, 1969) also show air curtains to be ineffective in turbid water or in
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darkness. Other studies and TI's Indian Point experience indicate that air
curtains are not an effective means of preventing impingement of fish at

Indian Point.

Table IV-1
Summary of F Values Derived by ANOCOVA for Air Curtain Operation

F-Values
Covariance
Species Season Mean Air Curtain  (cond x temp) Conductivity Temperature

Striped bass Fall 34,608 0.343 7.324 5.391 ' 14. 049
Atlantic tomcod Summer 7.503 . 0.005 2.255 3,194 4.019
~ Fall 47.176 0.543 9.147 0.147 16.857
White perch Spring 151,499 0.176 17, 455 6.856 16,412
Summer 0.583 ' 1.590 0.506 0. 329 0.088
Fall 231, 648 0.302 17.313 5.062 - 34,518
Total impingement Spring 166.816 0.555 9.199 7.946 4,191
Summer 9.083 0.178 2.819 5.180 3.748
Fall 350,924 . 0,364 20,030 16.811 37. 480

FZ. Mode of Screen Operation

Impingement rates for Units 2 and 3 during 1974 showed no
significant difference between fixed and traveling screen impingements
(Tables IV-2 and IV-3). When white perch dominated im?ingement collec-
tions in the spring, Unit 3 collections were generally higher; when Atlantic
tomcod dofninated in the summer, Unit 2 collections were higher. These
differences did not result in significant t-values. Data collected during -
spring 1974 also showed mixed results, but no significant difference be-

tween fixed and traveling screens was established (Texas Instruments, 1974b).

On the basis of thése results, neither screen design has an
apparent advantage in reducing impingement. However, fish removed from
continuously washed traveling screens at Unit 3 were apparently in better

condition than those removed from Unit 2 fixed screens.
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Table IV-2

Comparisons of Spring Impingement Rates on Unit 2 Fixed Screens and
Unit 3 Continuously Operated Traveling Screen (34)*

Impingement Rates (No. /106 m3)
Date - All Fish " Tomcod White Perch _
(1974) Unit 2 Unit 3 Unit 2 Unit 3 Unit 2 Unit 3
Apr 17 ‘ 663 755 0 0 652 680
18 817 1841 0 -0 809 1739
19 509 1014 0 0 507 904
Jun 5 138 110 113 81 13 18
6 210 578 177 482 21 56
7 294 708 241 591 24 75
8 1403 750 1304 509 64 107
9 644 755 577 554 52 143
10 174 498 144 430 17 51
11 678 634 622 420 23 43
t value -1.5290 0.0516 -1, 7645
*Values for paired t-test are also listed, but none
were significant,

Table IV-3

Comparisons of Summer Impingement Rates on Unit 2 Fixed Screens
and Unit 3 Continuously Operated Traveling Screen (34)%

Impingement Rates (No./ 106 m3’.)
Date All Fish Tomcod
(1974) Unit 2 Unit 3 | Unit 2 Unit 3
Jul 19 2376 1731 1854 1369
20 2876 628 1356 372
21 327 1782 155 1472
22 233 560 40 342
23 184 887 17 459
Sep 4 845 23 272 16
5 1269 31 - 526 21
7 248 62 138 43
8 193 45 130 33
9 235 77 173 50
10 253 101 73 55
t value 0.9655 0.2538
*Values for paired t-test are listed, but none
were significant.

Iv-7
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3. Fish Pump Tests

Winter fish pump tests (‘Ta.ble IV-4) had significantly higher
striped bass survival at low pump speeds (374 to 425 rpm) than at high speeds
(‘475 to 525 rpm). External examination of fish pumped at higher speéds' in-
dicated that they were generally in worse physical condition, exhibiting cuta-
neous hemorrhaging, scale loss, and frayed fins. These fesults differ ffom
those of spring tests (Texas Instruments, 1974b) in which there were similar
white perch survival rates but at higher pump speeds. This variance may be
related to seasonal temperatures or species differences. Alfhough variable,

these two sets of data indicate that, under the proper speed regime, a fish

pump could be employed to transport various fish species.

Table IV-4

Summary of Results of Fish Pump Tests Performed under Winter Conditions
To Evaluate Its Use in Fish Bypass System in Association with
Traveling Screens

Control Fish Pumped Fish Adjusted
Pump Speed No. of Surviving at No. of Surviving at Survival of
Range . Control [End of 24 Hr 1"ish Find of 24 He Pumped Fish
Date (rpm) Fish ("0) Pumped (%) (%)

5/18/73

S/18/73 §50-1750 49 67,3 10 40.0 59, 4
5/24/73

b/14/T3 :

AR 640- 805 190 a0, 5 173 6.3 C 84,3
6/21/73

12/11 /74 374-425 100 a8, 0 100 81,0 83.0
3/4/75 475-6525 50 92,0 50 44,0 48.0

Although healthy fish were used for these tests, fish in a

bypass system will have been subjected to stress from the screen washing

procedure before being pumped. To determine the effective value ofla

fish pump in such a system, fish surviving recent impingement should be

used in future pump tests.

Survival in such a system might be maximized

Iv-8
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if pumps were used in conjunction with continuously washed traveling screens,
because fish collected from these screens appeared to be in better physical
condition than those removed from stationary screens. Fish passed through
.a pump are often temporarily disoriented, so survival.could be enhanced
further if fish were returned to the river in an area where they had tempo-
rary protection from predators; this would give them time to reorient after

being discharged from the pump and before being exposed to environmental

selective pressures.
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APPENDIX A

SCOPE OF WORK

OBJECTIVE 1

Monitor fish collected at Indian Point Units 1 and 2 intakes and record
plant operating and river conditions which may be related to impingement.

Purpo se

(1) Meet AEC technical specifications and New York
State requirements.

(2) Provide data to meet Objectives 2, 3, 6, and 7
Tasks

(1) Wash Units 1 and 2 fixed screens daily. Run the
‘traveling screens at Units 1 and 2 for approximately
"15-30 min once every 24 hr

(2)' Record fish collections for each traveling screen
washing by intake bay.’

(3) Daily, record number, length, weight, and species
of fish collected by screen. Subsample the impinged
fish population to estimate species number, size,
and weight. The subsample will be a size adequate
for statistical analyses. '

(4) Collect a water sample during slack tide once each
day immediately in front of each unit and in the dis-
charge canal at two depths: 2 ft above bottom and
2 ft below the surface. Using accepted test methods,

“measure the following parameters:
- .temperat'u're
~— dissolved oxygen
— turbidity

— salinity (using a recording salinometer)

services group



.
{5) Obtain plant operational data from the plant per-

formance group and record daily. These data
will include: '

— hours of circulator pump operation
— flow rate data A v

— total daily circulator flow by bay
— hours of air curtain operation

— time of fixed and traveling screen washings
(6) Provide data in usable form on computer magnetic tape.
OBJECTIVE 2

Provide data required to evaluate the biological significance of fish
impingement at the Indian Point Station.

Purpose

Incorporate accurate impingement counts, along with
fish density and chemical and physical data, into a
regression model to determine variables significantly
affecting impingement and to predict magnitude and
timing of high impingement, ‘ '

Tasks

(1) Examine all white perch and striped bass for
' internal nose tags and/or external markings
(i. e., tags, fin clips). '

(2) Generate length and weight frequency distri-
"~ butions from the raw data.

(3) Generate age-growth regression curves monthly
for white perch and striped bass and compare
with those generated from river data, this know-
ledge to be incorporated into population dynamics
modeling, as appropriate, to evaluate plant effects
and determine the ecological role of the plant as
a predator.
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OBJECTIVE 3

Estimate percentage of impinged fish that are not collected.

- Purpose

The accuracy of fish impingement monitoring has recently

been questioned by federal and state officials Because of observations of

- impinged fish being forcibly removed frém Unit 2 fixed screens by the water
spray system during fixed screen washings and the airstreams generated by
the air curtain. Conceivably, some impinged fish are never collected on the
traveling screens and accurate counts of impinged fish therefore are not
achieveci. The Hudson River Policy Committee has expressed the need for
accurate counts for this program and for evaluation of the biological signif- ‘
icance of fish impingement (Objective 1 of the Indian Point Eéological Study).
Evaluation of accuracy is also an important consideration in fulfilling all the

objectives included in this scope.

Tasks

Artificially impinge tagged young-of-the-year Morone
sp. at Unit 2 and recover using present monitoring )
methods in order to determine collecting efficiency
of monitoring methods. Perform each of the fol-
lowing tests twice:

(1)’ ‘Release 100 dead fish at an unbasketed fixed

screen at the following times:

(a) Just before the fixed screen is washed
(b) 6 hrb before tﬁe fixed screen is washed
(c) 12 hr before the fixed screen is washed
(d) 24 hr before the fixed screen is washed

NOTE

In all cases, the air curtain is turned on
after washing and remains operating until
after the next washing of the screen.
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(2) Repeat task lc with the air curtain turned on after
‘ the washing and allowed to operate until just before
the next washing. of the screen.

(3) Repeat task 2 with the air curtain not operated
until after the next screen washing. '

(4) Repeat task 3 at a basketed screen.

(5) Repeat task lc using live fish for the following
conditions:

— air curtain operated until after the
next screen washing.

— air curtain not operated until after
the next screen washing.

OBJECTIVE 4
Correlate Unit 3 impingement to environmental factors.
Purpose

Knowledge of the relationship between impingement and the
occurrence of the thermal plume, tide stage, and time of day is essential

in providing power plant operational guidelines for fish protection.
Tasks

(1) Monitor impingement at Unit 3 during ten 24-hr
periods each month as described in tasks 4-6 of
Objective 1, but monitor fish and record every
2-4 hr as necessary.

(2) Analyze data by season to demonstrate any relation-
ship between impingement, tidal stage, salinity,
occurrence of thermal plume, and time of day.

(3) Record temperature and salinity immediately before
each fish monitoring at depths described in task 4
of Objective 1.
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OBJECTIVE 5

" - Determine and compare the health or condition of impinged and river
(control) fish. k ‘

Purpose

- If extensive pathology and/or a lower condition factor exists in
the impinged fish compared with the river fish, the intake screens may be act-
ing as a selective predator on weaker members of the population and thus the

impact of impingement would be minimal.

Tasks

(1) For histological analysis, in early winter 1973
collect from both the river and Indian Point Unit 2
young-of-the-year white perch in the following num-
ber and of the following two sizes:

— forty 30-100 mm long
— forty> 100 mm Iong

"~ (2) Submit these fish to histological analysis and com-
pare the two groups for condition.

(3) Compare length/weight regression of striped bass
and white perch collected in the river with those
impinged on intake screens.

(4) Record gill parasite loads on selected species and
compare with those encountered on river fish.

OBJECTIVE 6

Determine if gas bubble disease results from heated discharge and/
or air curtain operation.

Purpose

Samples of impinged fish have shown external abnormalities
which may be symptomatic of gas bubble disease (GBD). Government offi-
cials contend that the air curtain and heating of discharge water (thermal

plume) could result in oxygen and nitrogen supersaturation in the intake water.
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Such supersaturation may cause fish to be afflicted with GBD, which would

make them more susceptible to impingement.

Tésks

(1) Once per month during August, November, February,
and May, obtain three water samples at the intake of
Unit 1 and three in the discharge canal at two depths
each when the air curtain is off and again at the same
locations when the air curtain is on.

(2) Analyze these water samples for percentage of oxygen
and nitrogen saturation. '

(3) Examine the fish described in Objective 5, task 1, for
symptoms of gas bubble disease,

OBJECTIVE 7

Evaluate the effectiveness of fish protective devices and modifi-
cations of these devices which could result in reductions of fish
impingement.

Purpose

Reduce impingement and investigate the degree of
impingement at various screen depths, the effective-

. ness of fixed screen depths, the effectiveness of fixed
vs traveling screens at head of forebays, continuous vs
periodic operation of traveling screens, and air curtain
effectiveness in order to determine whether present
devices are reducing impingement.

Tasks

(1) Evaluate the air curtain through statistical com-
parison (air curtain off vs air curtain on).

(2) Repeat task 1 on only the lower lateral part of
the curtain.
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(3) Compare intermittent vs continuous traveling screen
operation at Unit 3 and fixed screen impingement ratios.

(4) Obtain catch-per-unit-effort data with gill nets in
front of Units 2 and 3 and obtain relative abundance
data with sonars mounted on the intake structures of
Units 2 and 3 to support the above tasks 1, 2, and 3
and Objective 4.

(5) Evaluate the Unit 1 fish pump under winter river
conditions,.

(6) Determine the vertical distribution of impinged fish,
Con Edison will design, construct, and attach four
fish baskets as wide as the fixed screens to each of
fixed screens 21 and 24 at the following depths:
bottom, three-quarters, one-half, and one quarter.
When the screens are raised, the catch may be re-
moved; this will be done daily. The catch will be
processed as described in tasks 2 and 3 of Objective 1.

(7) Collect current velocity and head loss data. The water
velocity profile across Unit 2 fixed screens 22 and 26
should be characterized as full and reduced circulation
water flow and should include measurements from the
intake forebays made as close as possible to the outer
fixed screens and two determinations over a tidal cycle
(high and low tide). Once each day immediately before
fixed screen washing, measure and record head loss
and approach velocity at one bay, preferably forebay 26
unless it is not in operation; otherwise, at a different
forebay. A
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Delineation of Weeks by Date

Table B-1

Weeks Dates Weeks Dates .

1 Jan 1 - Jan 7 27 Jul "2 - Jul 8
2 Jan 8 - Jan 14 28 Jul 9 - Jul 15
3 Jan 15 - Jan 21 29 Jul 16 - Jul 22
4 Jan 22 - Jan 28 30 Jul 23 - Jul 29
5 Jan 29 - Feb 4 31 Jul 30 - Aug 5
6 Feb 5 - Febll 32 Aug 6 - Aug 12
7 Feb 12- Feb 18 33 Aug 13 - Aug 19
8 Feb 19- Feb 25 34 Aug 20 - Aug 26
9 Feb 26 - Mar 4 35 Aug 27 - Sep 2
10 Mar 5- Mar 11 36 Sep 3 - Sep 9
11 Mar 12- Mar 18 37 Sep 10'- Sep 16
12 Mar 19- Mar 25 38 . Sep 17 - Sep 23
13 Mar 26- Apr 1 39 Sep 24 - Sep 30
14 Apr 2- Apr 8 40 Oct 1 - Oct 7
15 Apr 9- Apr 15 41 Oct 8 - Oct 14
16 Apr 16- Apr 22 42 Oct 15 - Oct 21
17 Apr 23- Apr 29 43 Oct 22 - Oct 28
18 Apr 30- May 6 44 Oct 29 - Nov 4.
19 May 7- May 13 45 Nov 5 - Nov 1l
20 May 14- May 20 46 Nov 12 - Nov 18
21 May 21- May 27 47 Nov 19 - Nov 25
22 May 28- Jun 3 48 Nov 26 - Dec 2
23 Jun 4- Jun 10 49 Dec 3 - Dec 9
24 Jun 11- Jun 17 50 Dec 10 - Dec 16
25 Jun 18- Jun 24 51 ‘Dec 17 - Dec 23
26 Jun 25. Jul 1 52 Dec 24 - Dec 30

53 Dec 31
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Table B-2
Total Numbers and Total Weights of Fish Collected at Unit 1, 1974

Total Number Total Weight (gm)
All - All ~
Species - Species
Combined wpt SB TC BH AL BA Combined wpt SB TC BH AL BA
1 0 0 0 0 0 0 0 0 [ 0 0 ] 0 0
2 23 8 0 10 0 0 0 673 49 0 584 0 0 0
3 610 177 8 373 0 0 0 25744 2212 76 21024 0 0 0
4 3988 3897 64 18 [V 0 0 55491 54022 489 777 0 0 0
5 1309 1293 7 6 0 0 [ 15882 14287 125 462 0 0 0
6 841 815 18 3 0 0 0 9426 8910 108 136 0 0 0
7 2411 2375 23 7 0 0 0 17682 17210 142 301 0 0 0
8 2097 2041 28 1 2 0 0 21811 21083 188 67 4 o 0
9 1601 1570 4 3 0 0 0 13880 11837 27 120 o 0 0
10 396 364 2 8 [} 0 0 7768 4523 16 414 0 0 0
11 198 150 1 0 0 0 0 1440 1292 8 0 0 0 0
12 3167° 3052 88 0 1 1 [} 23446 22579 680 0 3 2 [}
13 3173 3090 67 0 0 0 0 20824 20280 408 0 0 0 0
14 4898 4633 225 4] 9 0 0 37379 34591 1594 0 27 ) 0
15 1181 1137 30 [} [} 2 0 14345 12459 703 0 0 835 0
16 840 794 28 1 0 0 0 7496 5595 236 52 0 [} 0
17 910 801 31 0 13 1 0 9333 5340 267 0 35 207 0
18 1517 1356 24 0 18 7 0 11269 7908 210 0 46 1216 0
19 Q 0 0 0 0 0 0 [} 0 0 0 0 0 0
20 [} ] 0 0 o} 0 0 0 0 0 0 1] 0 0
21 1636 1003 12 346 48 100 14 21657 9118 119 566 2057 7349 47
22 807 323 9 325 29 59 19 16599 7762 177 782 871 4557 68
23 4597 505 11 3842 76 94 13 26064 8609 - 240 9799 1247 3656 38
24 2568 225 6 1963 73 23 83 20529 5266 79 5998 2111 1811 279
25 18912 168 20 17573 185 34 395 73548 2171 464 56347 7271 1917 1325
26 6044 151 12 4295 74 5 1389 30043 4716 159 13395 3493 500 4634
27 2898 132 11 1990 19 9 659 16702 . 3586 185 7009 861 450 2346
28 540 29 6 248 10 4 162 4303 652 163 1415 200 414 477
29 1469 25 10 619 7 7 678 9911 1080 439 3376 346 140 1868
30 4988 33 38 1438 11 206 3105 22257 1265 995 6423 56 1296 9241
ﬁ 31 3317 25 17 1899 6 63 1234 16966 1211 717 9395 40 324 3742
o 32 7858 42 33 6244 45 72 1275 37407 702 1298 29120 166 290 3657
E 33 1901 38 30 924 27 39 727 13343 1730 1537 5422 178 - 334 2159
34 4188 53 22 2304 10 28 1657 22383 855 1110 12980 232 448 5118
35 1130 20 13 234 7 17 726 6069 480 203 989 70 148 2021
36 3141 79 28 1598 40 64 1055 17147 1331 1700 7054 432 317 2927
37 4670 109 39 2616 43 92 1533 24571 1344 1259 11972 589 1264 4584
38 1371 161 31 683 31 58 365 7925 1670 581 3131 129 467 906
39 391 94 9 138 21 10 87 2808 628 429 544 246 272 225
" 40 1684 785 28 317 49 54 374 10498 4994 859 1912 233 428 1147
41 6175 1393 49 597 756 260 1422 26435 6873 430 3823 2594 1481 4154
42 4225 1139 33. 52 2179 514 128 19379 7051 227 381 7099 2180 278
43 3929 757 30 18 2496 408 31 16044 3899 1243 - 138 7702 1532 65
44 7393 1109 26 28 5850 132 7 26646 6725 1326 323 15247 634 22 ] .
45 3316 716 16 4 2392 54 0 12996 3473 906 48 5990 283 0
46 1433 568 8 1 792 7 [} 6617 2643 248 23 2138 31 0
47 231 140 2 0 44 0 0 2085 1422 7 0 109 0 [
48 638 550 9 o 9 o 0 4389 . 2987 218 0 24 0 o
49 1803 1367 46 81 4 4 0 15824 8851 1209 2272 24 147 0
50 1463 1171 21 168 11 2 [} 17910 11006 1175 4050 59 92 ]
51 5100 3691 45 948 9 150 0 58191 29003 943 21488 19 816 0
52 0 0 0 0 0 0 0 0 0 0 0 0 0 0
53 0 0 0 0 0 0 [+ 0 0 0 0 0 0 0
1 5359 4816 74 403 [} 0 0 88662 62803 579 22605 0. 0 0
2 6831 6685 76 17 2 [} 0 66216 62130 562 793 4 0 0
3 6738 6482 128 9 1 1 0 54099 48519 937 487 3 2 [
4 8950 8433 349 1 24 3 0 75134 64202 3012 52 66 1042 0
5 3344 2352 36 475 80 138 20 41511 19459 323 842 2881 12188 74
—‘:é 6 32318 1147 55 27771 417 184 1839 154532 24246 1102 85759 14154 8818 6142
S 7 11051 236 75 4702 53 254 5239 60016 7354 2271 19932 1543 2477 15888
= 8 17267 171 104 11241} 92 190 4964 90568 4521 5071 56240 660 1364 14715
9 9728 446 108 5090 136 225 3114 53383 5119 3974 22944 1399 2323 8843
10 18800 4534 154 996 7619 1306 1960 83192 25361 3654 6408 23795 5956 5659
11 9942 12360 45 21 6947 123 2 40464 13607 1800 240 17337 613 7
12 8648 6492 114 1197 25 156 0 93358 49959 3337 27810 106 1055 0
¢  Winter 15882 15004 226 429 2 1 0o 187773 152768 1744 23885 4 2 0 '
% Spring , | 22886 14605 460 6477 267 286 129 190965 122164 4148 17197 6397 19631 432
2 Summer| 61418 925 291 42218 489 659 14658 297111 21454 11307 166026 13950 8001 44312
Fall 38798 13620 341 2799 14638 1634 2351 225286 90894 9423 37004 41597 8204 6584
4 -
E 1974 138976 44154 1318 51923 15396 2580 17138 901135 387280 26622 244112 61948 35838 51328
tWP = white perch; SB = striped bass; TC = Atlantic tomcod; BH = blueback herring; AL = alewife; BA = bay anchovy
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Table B=3

Total Numbers and Total Weights .of Fish Collected at Unit 2, 1974

Total Number Total Weight (gm)
All All
Species Species +
Combined wpt 5B TC BH AL BA |Combined WP'. SB TC BH AL BA
1 7 2 0 2 0 0 0 212 - 18 0 183 0 0 0
2 0 0 0 0 4] 0 0 [} o 0 0 0 0 0
3 49 40 8 0 0 0 0 324 206 100 0 0 0 0
4 19236 18804 363 20 1 1 0 | 109837 104751 3170 1150 2 2 0
5 3629 3544 35 9 0 0 0 20767 19396 283 486 0 0 0
[3 6690 6483 167 5 0 [ 0 40700 39186 1187 155 0 0 0
7 6868 L6731 102 1 0 0 0 41805 40840 752 9 0 0 0
8 9769 9522 136 0 16 1 0 51378 50075 852 0 37 25 0
9 0 0 0 0 0 0 4] ] ) 0 ] 0 [ 0
10 0 0 [} [} 0 0 0 [} 0 0 ] 4] 0 0
11 1963 1821 10 3 0 0 0 12416 11520 71 58 0 0 0
12 15658 15436 133 0 4 1 0 | 100486 99068 890 0 9 3 0
13 22531 22346 117 1 1 1 0 135630 133548 789 131 2 1 0
14 27815 27392 281 0 7 0 0 167848 163550 1922 0 15 0 0
15 20860 20682 62 1 2 0 0 126011 123589 414 28 4 4] 0
16 7888 7739 2 0 1 0 0 49279 47212 12 0 3 0 4
17 9687 8995 24 0 208 2 0 58329 53874 171 0 522 423 0
18 35744 31747 329 1 441 31 15 | 239967 198569 2506 44 1146 3144 51
19 19135 16385 253 27 909 52 8 | 119229 91240 1801 27 3620 1595 28
20 3977 3188 69 138 25 13 1 30300 19205 516 140 1309 1490 5
21 21954 10801 247 3081 234 238 81 | 109719 62269 1808 12584 4037 7558 261
22 28641 7424 141 19763 295 121 105 112400 47765 1114 39938 5014 3776 300
23 15222 1435 52 13026 173 106 43 57050 12701 . 566 32239 1652 2791 126
24 34908 438 16 33442 154 86 87 102663 5310 257 89206 1161 2268 232
25 30149 352 ° 24 26962 182 71 1862 102220 4864 335 76932 3904 4234 5602
26 30529 429 12 23885 62 12 5624 105023 7412 573 70159 2189 526 19809
27 18013 277 34 15107 43 10 2345 76256 6223 1057 53909 3235 524 7572
28 29754 81 45 26508 20 5 2269 | 121855 2295 1421 102777 519 118 6855
29 32575 109 55 19916 17 46 11514 | 136024 2937 1130 88623 308 532 35149
30 21672 182 135 12181 3 459 8275 92593 4306 2214 54842 80 1857 23929
31 20875 47 126 17719 6 110 2654 99514 468 2268 87507 116 422 6326
v 32 22729 201 163 16848 86 169 4807 | 104573 2509 1556 79261 264 768 13618
S 33 21041 313 161 13741 47 81 5798 107673 5523 2843 74356 385 555 14484
z 34 15384 533 152 7475 78 129 5870 80062 6302 2117 37936 355 636 17443
35 12343 195 55 2635 54 62 8434 53182 3051 1534 11454 613 814 24237
36 15540 409 105 6916 1 64 5770 81150 6012 2706 28262 547 974 14932
37 23276 760 140 14257 90 87 6609 106721 7199 1305 61902 392 1264 19076
38 19316 1461 131 15116 100 90 1540 89585 9329 857 61727 484 1744 4214
39 2205 817 25 268 40 28 808 12431 3981 145 1100 145 844 2364
40 882 352 13 189 7 3 211 6286 2253 74 912 27 68 629
41 3874 1124 3z 855 397 354 951 20144 6684 220 5803 1176 1206 2875
42 10093 5112 89 658 2370 469 669 57344 29904 1691 4743 6830 1703 1420
43 5592 2951 34 29 1850 363 61 21286 . 11145 383 225 4678 1023 117
44 12677 4544 38 133 6992 176 43 53887 22422 759 1620 18661 688 132
45 7405 2738 9 18 4262 83 8 26905 11391 160 253 10387 356 27
‘46 6399 4109 32 7 1921 18 3 29925 17897 874 115 4523 110 5
47 14136 12069 170 6 474 17 2 157951 145717 2482 166 1103 109 7
48 7829 7108 37 67 29 0 1 43072 30482 301 1371 108 0 1
49 5741 5074 36 125 1 0 0 30585 21060 332 3191 3 0 0
50 15767 15424 24 154 1 2 0 105249 98687 128 3295 2 9 0
51 4287 3939 10 170 0 0 0 24682 18096 81 3863 0 0 0
52 25421 24984 123 112 5 [ 0 147019 141249 1022 2667 145 0 0
53 2447 2407 11 5 0 0 0 12856 12415 98 130 4] 0 0
1 22657 22172 397 28 1 1 0 | 129138 122773 3504 1627 2 2 0
2 23591 22954 414 9 16 1 0 135885 131699 2840 356 37 25 0
3 39528 38997 254 4 5 2 0 | 244807 240576 1716 189 11 4 0
4 72714 70747 398 2 337 10 0 | 452420 434256 2760 72 B44 1048 0
o 5 81797 59376 912 12824 1573 409 154 1 490302 346391 6704 19786 12753 15396 514
e [ 131338 7434 207 112952 777 313 7047 | 435475 59070 2556 299636 10922 11361 23763
§ 7 . 105105 713 313 75116 90 574 25806 | 440814 17245 6234 306438 4305 3125 77926
. 8 85037 - 1224 588 56287 249 478 23191 411165 16351 9121 280700 1506 2933 63069
9 65865 3504 427 37832 362 288 18321 315206 27942 5807 158321 1689 4994 51341
10 24737 11367 182 1754 6763 1246 1917 | 121679 57555 2818 11937 18519 4236 5119
11 40262 25045 256 157 11537 237 31 276975 205809 3949 2289 28952 1027 93
12 57551 56523 220 617 9 2 1 338537 306038 1838 14128 172 9 1
g Winter 49927 48645 828 40 18 2 0 | 287554 276011 6457 2041 41 27 0
2 Spring 262304 172310 1719 75480 2453 651 340 1398796 1047881 12724 174337 18492 23049 1003
8 Summer| 296302 4003 1230 206040 806 1314 72078 [1278852 60354 21190 835570 12921 13304 209815
Fall 141649 94098 791 16022 18442 1594 4050 | 827201 581459 9476 83531 48258 7780 11008
E 1974 750182 319056 4568 297582 21719 3561 76468 [P792403 1965705 49847 1095479 79712 44160 221826
= .
t . . ’
WP = white perch; SP = striped bass; TC = atlantic tomcod; BH = blueback herring; AL = alewife; BA = bay anchovy
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Table B-4

Total Numbers and Total Weights of Fish Collected at Unit 3, 1974

' Total Number Total Weight (gm)
. Al All
Species Species
Combined WP? SB TC BH AL BA |[Combined WwpP' sB TC BH AL BA
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0:
4 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0 0 0 0 0 0’
6 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 0 0 0 0 [ 0 0
9 0 0 0 0 0 0 0 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0 0 0 0 0 0 0
11 14 4 1 0 0 0 0 209 24 9 0 0 0 0
12 0 0 0 0 [\ 0 0 0 0 [ 0 0 ] 0
13 0 0 0 0 0 0 0 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 0 0 0 0 0 0 0 0 0 0 0 0 0 [
16 3309 2892 19 1 0 16 0 27894 19914 140 119 0. 3997 0
17 275 168 1 0 2 2 0 2879 1519 7 0 5 461 0
18 907 174 6 0 0o 11 0 9627 2579 33 0 0 2067 0
19 0 0 0 0 0o "o 0 0 0 0 0 0 [ 0
20 0 0 0 0 0 0 0 0 0 0 0 0 0 [
21 0 0 0 0 0 0 0 0 0 0 0 0 0 0
, 22 0 0 0 0 0 0 0 0 0 0 0 0 0 0
23 3838 532 28 3051 84 sl 10 16222 3367 268 8003 904 1831 35
24 1545 69 9 1305 39 6 1. 6754 700 81 3625 1232 62 2!
25 18268 383 44 15741 200 111 495 73343 3463 645 49387 8176 4738 1832
26 977 17 3 696 9 21 95 4411 107 19 2095 70 929 . 335
L 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0
e o2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
= 29 3601 13 1 2720 2 2 617 15536 540 506 10962 375 43 1975
30 282 1 2 146 0 9 96 1370 15 106 609 0 198 282
31 0 0 0 0 0 0 0 0 0 0 0 0 0 0
32 516 2 9 444 0 9 25 3745 3 481 2205 0 45 8l
33 11 0 0 4 0 0 2 161 0 0 25 0 0 8
34 [\ 0 0 0 0 0 0 0 0 0 0 0 0 0
35 0 0 0 0 0 0 0 0 0 0 0 0 0 0
36 248 9 9 163 0 2 7 2953 32 780 796 0 6 22
37 37 0 2 20 0 0 1 428 0 8 152 0 0 4
38 0 0 0 0 0 0 0 0 0 0 0 0 0 0
39 0 0 0 0 0 0 0 0 0 0 0 0 0 0
40 0 0 0 0 0 0 0 0 0 0 0 0 0 0
41 177 53 13 25 1t 48 7 982 232 50 195 36 208 21
42 34 10 5 4 0o 10 1 179 46 20 34 0 32 4
43 0 0 0 0 0 0 0 0 0 0 0 0 0 0
44 0 0 0 0 0 0 0 0 0 0 0 0 0 0
45 0 0 0 0 0 0 0 0 0 0 0 0 0 0
46 224 85 6 0 21 2 1 2236 452 471 0 68 12 4
47 1 2 1 0 0 0 0 340 5 330 0 0 0 0
48 0 0 0 0 0 0 0 0 0 0 0 [ 0 0
49 0 0 0 0 0 0 0 0 0 0 0 0 0 0
50 0 0 0 0 0 0 0 0 0 0 0 0 0 0
51 248 157 4 47 ! 0 0 3142 995 16 929 1 0 0
52 571 158 12 i} i 0 0 4524 2232 72 1490 3 0 0
53 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 o 0 0 0 0 [\ 0 0 0
3 14 4 1 0 0 0 [\ 209 24 9 0 0 0 [\
4 3584 3060 20 ! 218 0 30773 21433 147 i19 5 4458 0
5 907 474 6 o 0 1 0 9627 2579 33 0 0 2067 0
g 6 24626 100t 84 20793 332 189 601 100730 7637 1013 63110 10382 7560 2204
§ 7 3883 14 13 2866 2t 713 16906 555 612 11571 375 241 2257
2 3 . 527 2 9 418 0 9 27 3906 3 481 2230 0 45 89
Q 285 9 8! 183 0 2 8 3381 32 788 948 0 6 26
10 o2 63 18 29 Hi 58 8 1161 278 70 229 36 240 25
11 228 87 7 0 21 2 1 2576 457 801 0 68 t2 4
12 819 615 16 111 2 0 0 7666 3227 88 2419 4 0 0
o Winter 14 4 1 0 0 0 0 209 24 9 0 0 0 0
¢ Spring 9874 4135 63 4357 125 86 11 63376 28079 529 11747 2141 8418 37
@ Summer 23940 425 80 19934 211 154 1338 [ 101947 4160 2545 66231 8621 5959 4539
u Fali 1258 765 41 140 34 60 9 11403 3962 959 2648 108 252 29
3 .
5 1974 35086 5329 185 24431 370 300 1358 176935 36225 4042 80626 10870 14629 4605
*WP = white perch; SB = striped bass; TC = Atlantic tomcod; BH = blueback herring; AL = alewife; BA = bay anchovy
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Numbers and Weights of Fish

Table B-5

Unit 1, 1974

Total Number* Total Weight (gm)*
All All
Species Species . .
lcombined WPTSB TC - BH AL BA | Combined WP SB TC BH AL BA
1 0 0o 0 0 0 [ 0 0 0 0 0 0 0 0
2 0 0 o 0 0 0 0 0 0 0 0 0 0 0
3 118 27 0 80 0 0 0 5835 328 2 5041 0 0 0
4 872 852 14 80 O 0 0 12133 11812 107 170 0 0 0
5 334 330 2 2 0 0 0 4050 3643 32 118 0 0 0
6 127 123 3 0o o 0 0 1422 1344 16 21 0 0 0
7 333 328 3 11 0 0 2444 2378 20 42 0 0 0
8 288 281 4 0o 0 0 0 2999 2899 26 9 1 0 0
9 218 214 1 0o 0 0 0 1894 1615 4 16 0 0 0
10 62 57 0 1 0 0 0 1223 712 3 65 0 0 0
11 37 28 0 0 0 0 0 271 243 2 0 0 0 [}
12 598 577 17 0o o 0 0 4430 4266 128 0 1 0 0
13 591 575 12 o 0 0 0 3875 3774 76 [\ 0 0 0
14 725 686 33 0 1 0 0 5531 5119 236 0 4 0 0
15 159 153 4 0o o 0 0 1928 1674 94 0 0 112 0
16 114 108 4 o 0 0 0 1020 761 32 7 0 0 0
17 124 109 4 0o 2 0 0 1267 725 36 0 5 28 0
18 236 211 4 o 3 1 0 1750 1228 33 0 7189 0
19 [\ 0 0 o o 0 0 0 0 0 0 0 0 0
. 20 0 0 0 o -0 [ 0 0 0 0 0 0 0
21" 125 55 3 43 5 12 2 1944 657 13 70 184 846 6
22 68 27 1 27 2 5 2 1400 655 15 66 73 384 6
23 406 45 1 340 7 8 1 2304 761 21 866 110 323 3
24 220 19 1 168 6 2 7 1761 452 7 515 181 155 24
25 2075 18 2 1928 20 4 43 8070 238 51 6182 798 210 145
26 530 13 1 377 6 0 122 2637 414 14 1176 307 44 407
27 288 13 1 198 2 1 65 1658 356 18 696 85 45 233
28 84 5 1 g 2 125 668 101 25 220 31 64 74
29 124 2 1 52 1 1 57 836 91 37 285 29 12 158
L 30 466 3 04 13 1 19 290 2078 118 93 600 5 121 863
s 31 285 2 1 163 1 5 106 1458 104 62 808 3 28 322
z 32 671 4 3 533 4 6 109 3195 60 111 2487 14 25 312
33 178 4 3 86 3 -4 b8 1247 162 144 507 17 31 202
34 363 5 2 200 1 2 144 1939 74 9 1125 20 39 443
35 98 21 20 1 1 63 526 42 78 86 6 13175
36 274 7 2 139 3 6 92 1493 116 148 614 38 28 255
37 405 9 3 227 4 8 133 2131 117 109 1038 51 110 398
38 120 14 1 60 3 5 2 693 146 51 274 11 41 79
39 34 8 4 12 2 1 8 243 54 37 721 24 19
40 214 100 4 40 6 7 48 1336 635 109 243 30 54 146
41 525 118 4 51 64 22 121 2246 584 .37 325 220 126 353
42 362 98 3 4 187 44 1N 1661 604 19 33 608 187 24
43 344 66 3 2 218 36 3 1404 341 109 12 674 134 6
44 692 104 2 3 548 12 1 2496 630 124 30 1428 59 2
45 171 166 4 1 55 13 0 3020 807 21 111392 66 0
46 395 157 2 0 219 2 0 1826 729 68 6 590 9 0
47 197 a2 0 37 0 0 1774 1210 6 ‘0 93 0 0
48 163 142 2 0o 2 0 0 1137 773 56 0 6 0 0
49 415 360 12 21 1 ! 0 4171 2333 319 399 6 39 0
50 368 295 5 42 3 1 0 4508 2770 296 1019 15 23 0
51 953 675 9 194 2 26 0 11118 5304 170 4425 4 143 0
52 2120 1820 30 206 1 1 1 21563 15434 382 4856 5 37 3
53 1106. 1031 24 23 0 0 0 9838 8566 231 566 0 0 0
1 617 584 8 24 0 0 0 9275 7592 63 1471 0 0 0
2 255 249 3 1 0 o 0 2469 2316 21 30 0 0 0
3 262 252 5 o o 0 0 2104. 1887 36 19 0 0 0
4 291 274 11 0o 1 0 0 2440 2085 98 2 2 34 0
- 5 135 89 2 23 4 7 1 1769 779 15 42 115 580 4
= 6 687 24 1 590 9 4 39 3284 515 23 1822 30t 187 131
§ 7 251 5 2 107 1 6 119 1362 167 52 452 35 56 361
8 342 302 2223 2 4 98 1796 90 101 1115 13 27 292
9 197 9 2 103 3 5 63 1081 104 80 465 28 47 179
10 393 95 3 21 159 27 4l 1739 530 76 134 497 125 118
11 568 135 3 1 397 7 0 2313 778 103 14 991 35 0
12 1129 Q27 16 127 1 7 0 11727 7625 280 2970 6 58 1
¢ Winter 299 287 4 4 0 0 0 3353 2915 32 253 0 0 0
E Spring 254 160 5 74 3 3 1 2107 1348 47 196 66 217 5
& Summer|[ 434 7 2 298, 3 5 104 2100 152 80 1174 99 57 313
Fall 512 260 5 41 134 15 22 3668 1976 114 708 380 760
=
E 1974 398 149 4 137 39 7 44 2708 1299 76 701 157 91 131

*Recorded to the neares: whole number

TWP = white perch; SP = striped bass; TC = Atlantic tomcod; BH = blueback herring; AL = alewife;

BA = bay anchovy

Collected/1, 000, 000 m> of Water Circulated,

services group



" Numbers and Weights of Fish Collected/1, 000,000 m
Unit 2, 1974

Table B-6

3

of Water Circulated, ‘

Total Number* Total Weight (gm)*
All All
Species Species
Combined wp! sB TC BH AL BA { Combined Wl:’T SB TC BH AL BA
1 0 0 0 0 [} 1] 0 0 0 0 0 0 [} 0
2 0 0 [} 0 o 0 0 [ 0 0 0 0 o 0
3 47 47 [} 0 4] [ [} 232 232 4] 0 0 0 0
4 2365 2311 45 2 [} 0 0 13502 12877 390 141 ] [} 0
5 561 548 5 1 0 [ 0 3210 2998 44 75 0 0 0
[3 2106 2041 53 2 o 0 0 12813 12336 374 49 0 0 [
7 2135 2093 32 0 0 0 0 12998 12698 234 3 0 ] 0
8 5352 5217 75 0 9 1 0 28150 27436 467 0 20 14 0
9 0 0 0 0 0 0 0 0 0 0 [} 0 0 0
10 0 0 0 0 0 0 0 4] 0 0 0 0 0 ]
11 447 415 2 1 0 0 0 2839 2636 14 13 0 0 0
12 1306 1288 11 [} 0 0 0 8384 8265 74 [ 1 0 .0
13 1638 1624 9 [4] 0 0 0 9858 9707 57 10 0 0 0
14 2360 2324 24 0 1 0 0 14240 13875 163 0 1 [} 0
15 1467 1454 4 0 0 0 0 8860 8689 29 2 0 -0 0
16 713 700 0 [} 0 0 0 4454 - 4268 1 0 [} 0 0
17 768 713 2 0 16 0 [} 4622 4269 14 0 41 34 0
18 1718 1526 16 Q 21 1 1 11537 9546 120 2 55 151 2
19 1401 891 14 1 49 3 0 6486 4964 98 1 197 87 2
20 323 259 6 11 2 1 [ 2486 1559 42 11 106 121 0
21 876 431 10 362 9 9 3 4378 2485 72 502 161 302 10
22 891 231 4 615 9 4 3 3497 1486 35 1243 156 117 9
23 509 48 2 436 6 4 1 1909 425 19 1079 55 93 4
24 1502 19 1 1439 7 4 4 4417 228 11 3838 50 98 10
25 1181 14 1 1056 7 3 73 4004 191 13 3013 153 166 219
26 1048 15 0 820 2 0 193 3604 254 20 2408 75 18 680
27 582 9 1 488 1 0 76 2463 201 34 1742 105 17 245
28 1001 3 2 892 1 0 76 4101 77 48 3459 17 4 231
29 1281 4 2 783 1 2 453 5347 115 44 3484 12 21 1382
30 1039 9 6 584 0 22 397 4441 207 106 2630 4 89 1148
x 31 2487 [ 15 2111 1 13 316 11855 56 270 10424 14 50 754
v 32 927 8 7 687 4 77 196 4266 102 63 3233 11 31 555
= 33 669 10 5 437 1 3 184 3423 176 90 2364 12 18 460
34 491 17 5 238 2 4 187 2554 201 68 1210 11 20 557
35 386 6 2 82 2 2 264 1664 95 48 358 19 25 758
36 678 18 5 302 5 3 252 3540 262 118 1233 24 42 651
37 817 27 5 500 3 3 232 3745 253 46 2172 14 44 669
38 734 56 5 574 4 3 59 3405 355 33 2346 18 66 160
39 83 31 1 10 2 1 30 468 150 5 41 5 32 89
40 150 42 2 22 1 0 25 747 268 9 108 3 8 5
41 260 76 2 57 27 24 64 1354 449 15 390 79 81 193
42 347 176 3 23 81 16 23 1970 1027 58 163 235 58 49
43 198 104 1 1 65 13 2 753 394 14 8 166 36 4
44 512 183 2 5 282 7 2 2175 905 31 65 753 28 5
45 516 191 1 1 297 6 1 1876 794 11 18 724 25 2
46 430 276 2 0 129 1 0 2012 1203 59 8 304 7 0
47 1027 877 12 0 34 1 0 11475 10586 180 12 80 8 1
48 611 554 3 5 2 [ 0 3360 2378 23 107 8 0 0
49 488 431 3 11 0 0 0 2598 1789 28 271 4 0 0
50 1680 1643 3 16 0 0 0 11213 10514 14 351 0 0 0
51 445 408 1 18 [} 0 0 2559 1876 8 401 0 0 ]
52 2481 2439 12 11 [} 0 0 14350 13787 100 260 14 0 0
53, 3289 3235 15 7 0 0 0 17278 16686 132 175 0 0 0
1 1968 1927 34 2 0 0 0. 11194 10668 296 126 0 0 0
2 1977 1923 35 1 1 0 0 11387 11036 238 30 3 2 0
3 1402 1383 9 g 0 0 0 8683 8534 61 7 0 0 0
4 1310 1275 7 0 6 0 0 8153 7825 50 1 15 19 0
5 899 653 10 141 17 4 2 5390 3808 74 218 140 169 6
Zg [ 1115 63 2 959 7 3 60 3695 501 22 2543 93 96 202
s 7 936 3 3 669 1 5 230 3926 154 56 2729 38 28 694
z 8 727 10 5 481 2 4 118 3512 140 78 2398 13 25 539
9 581 31 4 334 3 3 162 2780 246 51 1396 15 44 453
10 264 121 2 19 72 13 20 1298 614 30 127 197 45 55
11 629 392 4 2 180 4 0 4330 3217 62 36 453 16 1
12 1271 1226 5 14 0 [ 0 7478 6760 41 312 4 o 0
g Winter 1733 1689 28 1 1 [ 0 9973 9583 220 65 1 1 0
@ Spring 1110 729 7 319 10 3 1 5920 4435 54 738 78 98 4
8 Summer’ 860 12 4 598 2 4 209 3712 175 62 2425 38 39 609
Fall 562 373 3 64 73 [ 16 3282 2307 38 331 191 31 44
A
E 1974 871 370 5 345 25 4 89 4401 2281 58 1271 93 51 257
#*Recorded to the nearest whole number
1’Wl:’ = white perch; SB = striped bass; TC = Atlantic tomcod; BH = blueback herring; AL = alewife; BA = bay anchovy !
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Table B-7

Numbers and Weights of Fish Collected/1, 000, 000 m3 of Water Circulated,
Unit 3, 1974

Total Number* Total Weight (gm)*
All All
Species Species
Combined WP? SB TC BH AL BA|Combined wp' sB TC BH AL BA
I 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0 [\ 0 0 0 0
5 0 0 0 0 0 0 0 0 0 0 0 [} 0 0
6 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 [\ 0 0 0 0 0 [\
9 0 0 0 0 0 0 0 [\ 0 0 0 0 0 0
10 o 0 0 0 0 0 0 0 0 0 0 0 0 o
11 95 27 7 0 0 0 0 1424 163 61 0 0 0 0
12 0 0 0 0 0 0 0 0 0. 0 0 0 0 0
13 0 0 0 0 0 0 0 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 809 709 5 0 0 4 0 6840 4883 34 29 0 980 0
17 935 571 3 0 7 7 0 9788 5164 24 0 17 1567 0
18 679 355 4 )] 0 8 0 7209 1931 25 0 0 1548 0
19 0 0 0 0 0 0 0 0 0 0 0 0 0 0
20 0 0 0 0 0 0 0 0 o 0 0 0 0 0
21 0 0 0 0 0 0 0 0 0 0 0 0 0 0
22 0 0 0 0 0 0 0 0 0 0 0 0 0 0
23 612 85 4 486 13 8 2 2586 537 43 1276 144 292 6
24 1190 53 7 1005 30 5 1 5202 539 62 2792 949 48 2
25 2313 49 6 1993 25 14 63 9288 439 82 6254 1035 600 232
26 1263 22 El 9200 12 27 123 5701 138 25 2708 90 1201 433
27 0 0 0 0 0 0 0 0 0 0 0 0 0 0
% 28 0 0 0 0 0 0 0 0 0 0 0 0 0 0
© 29 1174 4 1 886 1 1 201 5063 176 165 3572 122 14 644
T 887 3 3 459 0 28 302 4309 47 333 1915 0 623 887
31 0 0 0 0 0 0 0 0 0 0 0 0 0 0
32 121 0 2 104 0 2 & 879 1113 518 0 11 19
33 86 0 0 31 0 0 16 1266 0 0 197 0 0 63
34 0 0 0 0 0 0 0 0 0 0 0 0 0 0
35 0 0 0 0 0 0 0 0 [ 0 0 0 0 0
36 45 2 2 30 0 0 1 540 6 143 146 0 1 4
37 101 0 5 55 0 0 3 1170 0 22 416 0 0 11
38 Q 0 0 0 0 0 0 0 [\ 0 0 0 0 0
39 0 0 0 0 0 0 0 o 0 0 0 0 0 0
40 0 0 0 0 0 0 0 0 0 0 0 0 0 0
41 40 12 3 6 2 11 2 221 52 1t 44 8 47 5
42 89 26 13 1o 0 26 3 469 121 . 52 89 0 84 10
43 0 0 0 0 0 0 0 0 0 0 0 0 0 0
44 0 0 0 0 0 0 0 0 0 0 0 0 0 0
45 0 0 0 0 [\ 0 0 0 0 0 0 0 0 0
46 0 0 0 0 Q 0 0 0 0 0 0 0 0 0
47 0 0 0 0 0 0 0 0 "0 0 0 0 0 0
48 0 0 0 0 0 0 0 0 0 0 0 0 0 0
49 0 0 0 0 o 0 0 0 0 0 0 0 0 [\
50 0 0 0 0 0 0 0 0 0 0 0 0 0 0
51 0 0 0 0 0 0 0 0 0 0 0 0 0 0
52 V] 0 o o 0 0 0 o o 4] 0 0 0 0
53 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 95 27 7 0 0 0 o 1424 163 61 0 0 0 0
4 817 700 5 0 0 1 0 7038 1902 34 27 I 1020 0
5 679 355 4 0 0 8 0 7209 1931 25 0 0 1548 0
f.:. 6 1516 62 5 1280 20 {2 37 6202 470 62 3886 639 466 136
s 7 1147 4 4 816 1 3 21 4992 164 181 3417 111 71 666
z g 120 0 2 102 0 2 6 890 1 110 508 0 10 20
9 49 2 2 31 o 0 1 579 5 135 162 0 1 4
10 44 13 4 6 2 12 2 240 58 14 47 7 50 5
11 0 0 0 0 0 0 0 0 0 0 0 0 0 0
12 0 0 0 0 0 0 0 0 0 0 0 0 0 0
o Winter 95 27 7 0 0 0 0 1424 163 61 0 0 0 0
S Spring 743 311 5 328 9 6 1 4773 2115 40 885 161 634 3
3 Summer 1075 19 4 895 Q 7 60 4576 187 114 2973 387 267 204
Y Fall 260 158 8 29 712 2 2359 820 198 548 22 52 6
s
o 1974 865 131 5 603 9 7 33 4365 894 100 1989 268 361 114

*Recorded to the nearest whole number

*WP = white perch; SB = striped bass: TC = Atlantic tomcod; BH = blueback herring; AL = alewife; BA = bay anchovy

B-7
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APPENDIX C
WATER QUALITY DATA

services group



Table C-1

Water Quality, Unit 1 Intake, 1974

. DO Conductivity Temperature
Date (ppm) pH {4mho/cm) ( °C)_
Jan 1 13.0 7.2 . 302.0 0.7
2 ® 7.1 170.5 0.6
3 * 7.2 181.5 0.7
4 * 7.3 192.0 0.8
5 12.9 7.6 164.0 0.3
6 12.4. * * 0.7
7 13.1 6.8 286.5 0.8
8 13.5 6.9 199.5 0.2
9 13.2 7.0 261.0 0.6
10 * 7.0 274.0
11 13.2 7.0 283.0 1.0
12 14.2 7.0 - 210.0 0.1
13 13.1 7.0 161.5 0.1
14 12.8 7.0 167.0 0.1
15 14.1 6.8 154.5 0.2
16 14.8 7.2 180.5 1.0
17 11.4 7.0 143.0 *
18 * * * %*
19 14.5 7.3 560.0 0.9
20 13.5 7.3 1244.5 1.0
21 13.5 7.4 2656.0 0.7
22 13.5 7.1 2708.5 0.7
23 14,7 7.2 1963.0 1.5
24 14.2 7.1 979.5 1.0
25 14.0 7.2 671.5 0.8
26 13.6 7.2 426.5 0.8
27 14.2 7.1 323.5 0.9
28 13.8 7.2 273.5 0.9
29 13.7 6.4 215.5 0.9
30 13.6 7.2 232.0 1.0
31 14. 1 7.1 233.5 1.0
Feb 1 14.2 7.4 233.0 0.5
2 * * % 0.6
3 * 7.2 240.0 0
4 * 7.2 137.5
5 * 7.2 241.0
6 * 6.8 485.0
7 13.4 6.9 1010.5 0
8 13.6 6.9 689.5 0.4
9 14.5 7.1 375.0 0.1
10 15.6 o 7.2 317.5 0.3
11 15.9 6.8 256.5 0.4
12 13.8 7.2 275.0 0.8
i3 14.8 7.2 268.5 0.5
14 13.2 7.3 301.5 0.6
15 9.4 7.3 154.5 0
16 * 7.0 151.0 0
17 * 7.3 388.0 0.2
18 13.7 7.2 1742.0 0.1
19 13.9° 7.4 5005.0 0.3
20 14.0 7.4 6021.5 1.0
21 '14.0 7.7 5060.0 0
22 13. 4. 7.4 6357.0 1.3
23 * 7.3 1794.0 0
24 13.0 7.2 539.0 1.0
25 * 7.3 521.0 1.0
26 15.5 7.4 302.5 1.5
27 13.3 7.3 336.0 1.8
28 12.5 7.5 224.0 2.0

*No data taken
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Table G-1 (Contd)

: DO Conductivity T'emperature

Date (ppm) pH (Mmho/cm) (°C)

‘Mar 1 12.6 7.3 215.0 1.3
2 13.8 7.2 305.5 1.1
3 13.2 7.3 360.0 0.9
4 12.0 7.3 * 1.9
5 14.0 7.5 209.0 2.5
6 14.6° 7.6 1 196.5 1.8
7 13.7 7.4 336.0 2.0
8 14.6 7.2 174.5 3.5
9 14.3 7.2 170.5 3.0
10 13.3 9.5 177.5 2.5
11 14.9 7.0 188.0 3.0
12 . 15.4 7.1 179.0 3.0
13 13.5 7.5 171.0 3.3
14 11.4 7.5 188.0 3.0
15 12.3 7.7 179.0 4,5
16 13.5 7.4 294.0 3.0
17 14.5 7.2 213.5 2.5
18 £ 3 * %
19 14.7 7.1 1876.5 3.5
20 12.9 7.3 674.0 4.0
21 16.4 7.5 1288.5 4.8
22 10.8 7.4 1649.5 4.0
23 13.4 7.3 1490.0 4.8
24 14.3 7.2 896.5 4,4
25 10.6 7.1 333.0 5.3
26 * 7.2 342.0 6.3
27 13.0 7.2 248.0 5.0
28 12.6 7.6 201.0 5.5
29 12.2 7.6 193.0 5.5
30 16.1 7.0 448,0 5.5
31 12.8 7.0 222.,0 3.0

Apr 1 13.7 7.3 564.0 4.5
2 13.4 7.3 2504.0 3.4
3 12.8 * 1656.5 3.7
4 14.2 7.2 1582.5 4.5
5 13.6 7.3 1010.5 4.3
6 11.3 7.4 264.0 4.8
7 12.4 7.2 265.5 4,3
8 12.6 7.0 477.5 4.6
9 13.0 7.4 265.0 4.9
10 12.9 7.4 266.5 4.7
11 12.7 7.4 251.5 5.5
12 13.7 7.4 300.0 5.0
13 14.0 7.5 259.5 4.5
14 * 7.3 290.5 4.8
15 14.2 7.4 294,0 6.8
16 16.4 7.3 286.5 2.5
17 15.0 7.2 213.0 4.3
18 15.0 7.4 213,0 4.3
19 * 7.2 172.5 *
20 12.6 7.2 229.5 4.3
21 12.2 7.3 205.0 4.9
22 12.0 7.2 231.0 5.8
23 12.0 7.3 223.0 6.3
24 14.4 7.2 198.5 5.3
25 16.0 7.3 256.0 6.0
26 13.6 7.1 295.5 7.0
27 13.6 7.4 292.5 6.3
28 * 7.4 248.5 7.5
29 10. 4 7.3 231.5 8.5
30 12,7 7.2 * 5.4

*No data taken

services group



Table C-1 (Contd)

. . DO ‘Conductivity Temperature
Date {ppm) pH (4mho/cm) (°cy
May 1 13.1 6.8 283.5 8.8
2 * 7.0 221.0 *
3 13.3 9.0 276.0 12.3
4 12.6 7.0 507.0 9.8
5 11.9 7.0 272.5 10.7
6 13.1 7.0 415.0 10.5
7 13.9 8.9 591.0 9.5
8 9.6 7.0 215.0 10.0
9 11.9 7.3 234.5 10.3
10 13.0 8.8 257.0 10.5
11 11.3 7.2 190.0 10.3
12 9.8 7.8 232.5 10.0
13 12.7 7.3 212.0 11.3
14 * 8.1 215.,0 10.0
15 * 7.2 201.5 *
16 * 7.0 141.0 *
17 * 7.2 147.5 *
18 * 7.2 152.5 *
19 * 7.1 157.5 *
20 * 7.1 160.0 *
21 * 7.2 190.0 16.8
22 * 6.9 157.0 18.5
23 * 7.9 159.0 17.0
24 10.0 7.2 178.0 17.0
25 * 7.2 155.0 18.3
26 * 7.3 160.0 18.3
27 * 7.2 164.0 16.5
28 * 7.2 156.5 17.5
29 * 7.2 166.0 17.0
30 * 7.0 160.0 18.3
31 * 7.2 162.0 17.3
Jun 1 * 7.2 172.5 18.1
2 * 7.2 174.5 17.6
3 * 7.1 175.0 18.0
4 * 8.2 169.5 18.0
5 10.8 7.1 168.5 19.3
6 11.0 7.1 172.5 18.2
7 7.1 8.9 172.9 18.3
8 6.9 7.2 171.5 19.3
9 5.4 7.1 172.5 18.9
10 9.2 7.2 © 163.5 21.5
11 * 7.2 252.5 20.5
12 . * 7.2 355.5 20.2
13 6.6 7.2 1269.5 . 20.1
14 5.6 7.4 597.0 20.0
15 7.3 8.2 1280.5 19.9
16 7.0 7.3 1352.5 20.0
17 7.6 7.4 1506.0 20.5
18 8.2 7.6 1402.0 21.3
19 8.1 7.6 1024.0 26.0
20 4.7 7.1 2518.5 21.8
21 6.9 7.4 2228.0 25.5
22 2.3 7.4 862.0 21.3
23 5.1 7.3 2362.0 23.3
24 5.4 7.5 1801.0 21.4
25 7.0 7.7 1783.0 21.0
26 4.6 7.6 628.5 21.0
27 1.9 7.5 603.5 20.9
28 1.4 7.4 428.5 21.0
29 2.0 7.5 793.0 21.3
30 3.3 7.3 584, 5 21.5

*No data taken

C-3 services group



Table C-1 (Contd)

DO Conductivity Temperature

Date {ppm) pH (4mho/cm) (°C)
Jul 1 2.6 7.2 483.0 22.0
2 5.1 7.5 531.5 23.0
3 10.2 7.7 573.5 22.0
4 6.8 6.9 257.0 23.6
5 7.7 7.4 235.0 24.0
6 8.2 7.4 199.5 25.1
7 5.5 7.2 207.5 23.1
8 7.1 7.2 200.5 24.3
9 6.3 7.2 196.0 25.4
10 2,3 7.3 4280.0 24.8
11 5.1 7.2 5415.5 23,9
12 1.3 7.2 4118.0 24.2
13 1.5 7.6 659.0 23,9
14 2.1 7.4 327.5 23.9
15 5.6 7.4 310.0 25.0
16 8.3 7.4 205.0 25.0
17 6.0 7.2 178.0 25.5
18 6.6 * * 25.3
19 6.4 7.4 3899.0 25.0
20 6.6 7.4 5793.0 25.1
21 7.3 7.5 5938.5 25.5
22 7.7 * * 25.5
23 7.1 * * 24.5
24 9.2 * * 32.1
25 8.5. * * 25.1
26 9.9 * * 24.8
27 9.6 * * 24,4
28 9.7 * * 24.5
29 9.6 * * 24.8
30 10.3 * 5932.5 24.8
31 6.6 7.5 5378.5 24.8
Aug 1 6.1 7.4 3652.0 24.3
2 7.0 7.3 4622.0 24.8
3 9.3 . 7.5 4471.5 24.8
4 8.5 7.4 4622.5 24.8
5 6.1 7.5 4055.5 25.6
6 10.0 7.3 3899.0 25.0
7 11.3 7.3 3945.0 25.1
8 6.3 7.2 3771.5 25.1
9 6.0 7.1 3365.0 25.7
10 7.0 7.2 3968.0 25.2
11 6.3 7.2 3083.0 24.9
12 6.9 7.3 2352.0 26.0
13 9.3 1.6 5195.0 26.0
14 6.5 7.6 6140.5- 26.0
15 10.2° 7.5 5450.5 25.5
16 6.7 5.6 * 21.6
17 7.9 7.4 6558.5 28.9
18 6.8 7.2 6755.0 25.3
19 11.8 7.3 6959.0 26.0
20 10.8 7.6 6418.5 26.4
21 6.0 7.3 6831.5 25.5
22 6.6 7.3 6746.0 26.5
23 5.5 7.5 4045.0 27.5
24 5.6 * 3966.0 27.9
25 6.0 7.4 3135.5 27.9
26 5.2 7.5 4133.0 26.0
27 7.1 7.7 4704.5 25.5
28 6.5 7.3 4430.0 28.0
29 7.7 7.2 5052.5 27.9
30 * 7.5 5035.5 25.0
31 * 7.3 4915.5 26.9

*No data taken
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Table C-1 (Contd)

DO * Conductivity Temperature:

Date (ppm) pH ({mho/cm) (°C)
Sep 1 * 7.3 5561.0 28.0
2 * * 4624.5 24.7
3 * 7.5 4458.0 25.8
-4 * 7.3 4371.5 24.8
5 * 7.3 2663.5 25.2
6 * 7.1 * 24.5
7 * 7.4 * 23.8
8 * 7.2 3129.5 24.1
9 7.4 7.3 2983.5 24.0
10 9.7 7.4 1049.0 23.8
11 4.0 7.7 2012.0 23.1
12 7.6 7.6 2001.5 24.0
13 7.0 7.5 2000.0 24.4
14 8.6 7.3 2065.0 23.8
15 8.6 7.5 1974.5 24.1
16 8.4 7.8 1418.0 24.7
17 8.6 7.5 1497.0 24.4
18 7.3 7.4 793.5 22.5
19 8.1 7.6 1425.5 23.0
20 9.1 7.1 907.0 23.8
21 8.6 7.5 709.0 24.9
22 8.4 7.4 393.5 25.0
23 8.5 7.5 230.5 24.0
24 8.3 7.5 427.5 21.7
25 7.9 7.5 854.5 21.8
26 8.5 7.5 1846.5 21.6
27 7.5 7.5 3586.0 20.5
28 11.6 7.6 3358.0 22.0
29 7.9 7.4 3346.5 22.0
30 7.1 7.7 2723.0 20.8
Oct 1 7.8 7.5 2841.0 19.7
2 8.0 6.9 2511.0 18.9
3 8.4 7.4 1738.5 17.5
4 8.1 7.2 1230.0 17.8
5 6.9 7.1 1098.5 18.2
6 6.4 7.2 1103.0 18.5
7 9.1 7.3 1004.8 17.9
8 8.4 7.4 649.5 17.0
9 8.0 7.6 554.0 17.0
10 6.8 7.5 613.0 17.2
11 6.5 7.6 548.5 17.0
12 8.1 7.5 1302.0 18.5
13 6.5 * 511.0 16.7
14 5.6 7.7 1248.5 17.1
15 8.1 7.6 1630.5 17.3
16 7.3 7.6 1184.5 17.3
17 * 7.5 1340.0 20.4
18 * 8.0 768.5 19.0
19 * 7.3 617.5 21.1
20 * 7.3 609.0 17.0
21 6.6 7.6 713.0 15.5
22 8.1 7.6 4177.5 15.2
23 5.9 7.6 3740.0 15.3
24 * 7.8 490.5 15.3
25 8.9 7.5 1129.0 13.8
26 9.4 7.5 2108.0 13.5
27 15.3 7.6 3038.0 13.9
28 8.3 7.6 4497.0 13.2
29 11.1 7.6 4588.0 13.6
30 10.2 - 7.4 4175.5 13.9
31 9.0 7.7 4646.0 13.9

*No data taken

services group



Table. C-i (Contd)

DO Conductivity Temperature
Date (ppm) pH {4mho/cm) (°Cc)
Nov 1 9.1 7.8 4835.0 13.9
2 * 7.6 3992.5 *
3 13.3 7.6 4392.5 13.9
4 * 7.6 4667.0 14.0
5 11.2 7.7 2775.0 14.0
6 11.1 7.6 2616.0 13.5
7 10. 4 7.8 1672.0 12.5
8 11.1 7.8 1348.5 12.0
9 10.9 7.8 1309.0 12,0
10 12.1 7.7 1609.5 11.5
11 9.5 7.8 2043.0 11.1
12 10.5 7.6 2445.5 12.0
13 10.1 7.9 2842.5 12.0
14 9.7 7.9 1173.5 11.7
15 9.5 7.9 538.5 11.8
16 9.5 7.9 388.0 11.0
17 11.9 8.0 344.5 10.6
18 11.8 7.8 319.5 10.8
‘19 7.0 7.7 279.5 - 10.3
20 11.0 7.4 252.0 10.9
21. 13.0 7.7 250.0 10.0
22 10.5 * 249.0 8.0
23 9.3 * 224.0 8.5
24 9.2 * 244.5 8.0
25 9.4 * 227.0 8.0
26 9.1 * 235.5 7.4
27 8.3 * 345.0 7.1
28 9.8 * 678.0 7.0
29 4.8 * 376.0 7.1
30 * * 343.0 7.0
Dec 1 8.8 * 317.0 6.9
2 12.1 * 790.5 7.4
3 6.9 * 274.5 8.0
4 9.4 * 247.5 7.1
5 * * 701.0 *
6 * * 392.0 5.1
7 * * 195.0 *
8 * * 357.0 6.0
9 * * 231.0 6.0
10 * * 220.5 5.5
11 * * 253.5 6.1
12 * * 220.5 5.5
13 * * 229.5 5.9
14 * * 232.0 6.1
15 * * 253.5 5.5
16 * * 159.5 8.0
17 * * 208.5 7.5
18 * * 206.5 5.5
19 * * 224.0 5.0
20 * * 193.5 5.5
21 * * 185.0 5.6
22 * * 187.0 5.5
23 * * 196.0 3.0
24 * * 213.0 3.0
25 * * 215.5 3.0
26 * * 389.5 3.9
27 * * 1661.0 4.1
28 * * 1755.0 3.6
29 * * 1918.0 5.0
30 * * 1485.0 4.0
31 * * 1079.0 5.0

*No data taken

C-6

services group
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Table C-2

Water Quality,

Unit 2 Intake, 1974

DO - Conductivity Temperature
Date (ppm) pH (umho /em) (°C)
Jan 1 13.1 7.1 282.5 0.4
2 13.9 7.1 184.0 0.6
3 13.0 7.2 175.5 1.3
4 13,7 7.2 212.5 0.8
5 12.8 7.4 160.0 0.2
6 12.4 * * 1.0
7 13.1 6.6 268.5 1.2
8 13.3 6.9 264, 0 0.6
9 13.4 6.8 248.0 0.3
10 * 6.9 149.5 *
11 13.2 7.0 273.5 0.9
12 14.4 7.0 368.5 1.0
13 13.9 6.9 227.0 0.6
14 14.6 6.9 248.0 0.5
15 14,3 6.9 156, 0 0.6
16 10.0 7.2 178.0 0.8
17 15. 56 7.0 140..0 0.5
18 * 7.5 149.0 *
19 14,5 7.2 261.0 0
20 13,6 7.3 1315.0 1.5
21 13.3 7.4 2464.5 0.7
22 13.5 7.0 2711.5 0.5
23 15.5 7.2 1949.5 1.0
24 14,1 7.0 968.5 0.9
25 14.1 7.0 592.5 1.2
26 13.3 7.1 365.5 1.0
27 13.9 7.2 315.0 1.6
28 14.2 7.1 342, 0 1.5
29 13.9 6.8 207.0 1.5
30 14,17 7.0 231.5 1.5
31 14,4 7.3 248.0 1.0
Feb' 1 14.3 7.2 242.5 1,
2 14,5 7.3 195.0 0.2
3 * 7.3 244.5 0
4 * 7.2 137.0 *
5 * 7.2 194.5 ¥
6 * 6.9 312.5 *
7 14,0 7.0 1104.0 0
8 14.2 7.1 558.0 0.1
9 14.6 7.1 481.0 0.6
10 16.7 . 7.2 396. 0 0.3
11 * * * *
12 14.9 7.2 264,5 0.8
13 15.5 7.3 262.5 0.5
14 14.9 7.3 264.5 0.3
15 14.5 7.5 243.0 0.3
16 12.6 7.2 251.5 0.3
17 * 7.3 483.5 1.0
18 13.5 7.4 2907.0 0.3
19 13,2 7.4 5591.0 0.9
20 13.9 7.5 5690. 5 0.9
21 14.1 7.5 4793, 0 0
22 13.6 7.4 6201. 5 1.0
23 16.5 7.2 1886.0 ]
24 13.0 7.5 539.0 1.0
25 * 7.2 539.0 1.0
26 16.5 7.0 347.0 1.6
27 13,8 7.3 ©329.5 1.8
28 12,0 7.3 234.0 1.4

*No data taken

services group



Table C-2 (Contd)

DO Conductivity Temperature
Date (ppm) pH {imho /cm) (°C)
Mar 1 12.5 7.3 220.0 1.1
2 13.5 7.3 - 295.5 1.2
3 12.9 7.3 191.0 0.7
4 13.3 7.4 209.0 1.5
5 14.7 7.7 217.5 2.4
6 14.3 7.5 252.0 2.0
7 10.7 7.2 319.0 1.8
8 14.3 * 183.5 2.3
9 14.5 7.2 173.0 2.5
10 13.2 7.2 168.5 2.5
11 14,3 7.1 173.0 3.0
12 15.3 7.1 173.0 2.5
13 13.8 7.4 166.0 3.8
14 11.6 7.5 188.5 2.9
15 12.3 7.7 177.0 4,0
16 13.2 7.3 628, 0 2.8
17 14.6 7.2 211.5 2.8
18 * * *
19 13.1 7.4 1812.0 3.4
20 12,5 7.3 © 677.0 4.1
21 13.1 7.4 1237.5 4.0
22 11.5 7.4 1320.0 4.0
23 13,4 - 7.3 1490.0 4,8
24 14,3 7.2 969.0 4.0
25 11. 4 7.1 350.0 5.0
26 * 7.2 312,0 7.0
27 13.6 7.2 235.5 4.5
28 12.2 7.4 208.0 4.8
29 11,7 7.6 208.0 5.0
30 16.2 7.2 443.5 5.3
31 11.9 7.1 226.5 4.0
Apr 1 13.9 7.3 507.0 5.0
2 13.6 7.3 2162.5 3.5
3 13.8 7.3 2194. 0 2.8
4 13.6 7.2 1389.5 4,7
5 13.5 7.4 1031.0 4.0
6 - 12.7 7.3 270.0 4.3
7 12. 4 7.3 253.0 4,5
8 12.7 7.2 252.5 4,5
9 12,5 7.3, 259.5 4.6
10 13.8 7.5 262.0 4,8
11 13.6 7.3 263.0 5.1
12 13.7 7.4 306.0 4.8
13 14.2 7.5 263.5 4,5
14 * 7.3 304.0 5.0
15 14,2 7.4 278.5 7.0
16 16,1 7.3 301.0 2.8
17 15.3 7.2 232.0 5.0
18 15.3 7.3 232.0 5.0
19 * 7.2 459, 5 4.9
20 13,1 7.6 214.0 4.8
21 12.3 7.2 209.0 4.9
22 12,1 7.2 228.5 5.6
23 11.8 7.2 226,0 5.9
24 14.3 7.3 198.5 5.3
25 16.0 7.3 260.0 6.0
26 13.9 7.0 244,5 6.5
27 13,7 7.4 325.5 6.0
28 14,2 7.3 240.0 8.3
29 11,4 7.3 242.0 8.0
30 14,3 7.2 * 5.4

*No data taken

services group
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Table C-2 (Contd)

DO Conductivity Temperature
Date (ppm) pH (umho /em) (°C)
May 1 13.5 6.8 297.5 9.3
2 12.5 7.0 234.5 | 11.0
3 13.9 7.1 250, 0 12.8
4 12,9 7.1 231.0 9.9
5 12.0 7.1 241.0 8.0
6 12.9 7.1 354.5 10.8
7 13.5 8.9 584..5 9.3
8 9.9 7.0 219.0 10.0
9 13.0 7.2 249,5 10.7
10 13.0 8.7 265.5- 10,3
11 11.6 7.1 223.5 10.0
12 10.5 7.4 208.5 10.0
13 12,7 7.2 219.5 12,3
14 * 7.2 221.0 10.3
15 * 7.2 141.5 *
16 * 7.1 143, 5 *
17 * 7.1 151, 0 *
18 * 7.1 150, 5 *
19 * 7.1 157.5 *
20 - * 7.1 156.5 *
21 * 7.1 189.0 17.0
22 * 7.2 157.5 17.5
23 * 7.5° 160.5 17.3
24 9.8 7.0 177.0 . 17.1
25 * 7.3 156.5 17.8
26 * 7.2 159.5 17.8
27 * 7.2 167.0 16.3
28 * 7.2 160.5 18.0
29 * 7.2 159.5 16.8
30 * 7.1 159.0 18.0
31 * 7.2 160.0 17.3
Jun 1 * 7.0 173.5 18.0
2 * 7.1 174.5 17.8
3 * 7.2 173.0 18.0
4 * 7.2 173.0 18.0
5 11.0 7.1 174.0 17.8
6 10.9 7.1 170.0 18.9
7 7.9 7.5 172.0 18.3
8 6.7 7.2 175.0 18.8
9 4.9 7.2 165.0 21,3
10 8.2 7.2 169.0 20.0
11 * 7.4 213, 0 21.3
12 7.1 7.4 247.5 20.0
13 7.4 7.3 1221.5 18.8
14 5.6 7.4 714.5 19.2
15 8.3 7.7 1297.0 19.6
16 8.6 7.2 1361.0 20.0
17 7.0 7.2 1957.5 21,5
18 8.0 7.5 1436.0 21.0
19 8.1 7.5 1290.0 21.4
20 6.1 7.2 2255, 0 21.5
21 7.5 7.4 1782.0 25.5
22 1.8 7.3 862.0 21.3
23 6.3 7.4 1931.0 21.5
24 4.0 7.5 1856.0 21.5
25 6.9 7.5 1295.5 21.0
26 2.8 7.4 741.0 21.1
27 2,1 7.4 626.0 21.0
28 1.8 7.4 487.5 21,1
29 3.1 7.4 758.5 21.0
30 4.4 7.2 589.5 21.4

*No data takén

services group
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Table C-2 (Contd)

DO ~ Conductivity Temperature
Date (ppm) pH (umho /cm) (°C)
Jul 1 2.3 7.4 494, 0 22.5
2 7.8 7.3 520.0 23.0
3 10.3 7.3 561.0 24.0
4 7.2 7.2 241.5 24,1
5 7.3 7.2 231.0 23.8
6 8.2 7.3 188.5 29.6
7 3.2 7.2 204.5 23.2
8 7.0 7.2 192.5 24,4
9 5.0 7.3 184.5 25,2
10 1.7 7.7 5159.5 24.9
11 5.1 7.6 5099.0 24,0
12 1.8 7.3 4376, 5 24.1
13 1.6 8.0 591.0 24.0 |
14 1.9 7.2 327.5 23.8
15 6.2 8.3 306.0 24.9
16 9.2 7.2 200.5 24.9
17 6.3 7.3 180.0 25.0
18 5.9 * * 25.3
19 6.1 7.4 3402.5 25.0
20 6.1 7.4 5830, 5 25.2
21 7.4 7.7 5891.0 27.9 -
22 * * * *
23 8.1 * * 24,5
24 9.8 * * 24.9
25 6.8 * * 24.4
26 9.3 * * 24.5
27 8.9 * * 24,5
28 9.0 * : * 24.3
29 9.3 * * 24.5
30 7.8 * 5452, 5 24.5
31 6.9 7.4 4909.0 24.9
Aug 1 6.3 7.7 3665, 5 24.8
2 5.7 7.4 4949, 0 24.5
3 8.9 7.5 4426.0 24,7
4 9.9 7.5 4278.0 25.3
5 6.7 7.5 4091.0 25.1
6 13.2 7.2 3749.0 25.0
7 10.9 7.2 3949,0 25.0
8 7.3 7.3 2967.5 25.6
9 6.3 7.2 3257.0 25.7
10 7.7 7.4 4507.5 25.5
11 5.9 7.1 3273.5 24.9
12 7.2 7.1 2474.0 25.0
13 8.9 7.6 3049,0 25.0
14 6.2 7.4 6433,5 25.9
15 9.4 7.5 5346.5 25.5
16 8.3 7.5 * 26.0
17 7.9 7.3 6714.0 26.0
18 5.2 7.2 6645.5 25.4
19 9.6 7.2 6599. 0 21.3
20 10.9 7.6 6554.0 26.1
21 5.9 7.3 6882.5 24.0
22 6.8 7.1 6685.5 26.6
23 5.8 7.5 3542.5 26,5
24 6.2 T 3137.0 28.0
25 6.2 7.4 3342.5 28.1
26 5.4 7.4 4237.5 25,2
27 6.1 7.5 4998.0 25,0
28 6.4 7.3 4477.0 28,0
29 8.4 7.1 5561, 0 28.0
30 * 7.6 6498.0 25.0
31 * 7.2 4969.0 26.8

*No data taken

C-10

services group



Table C=2 ('C_ontd)

DO ' Conductivify Temperature
Date (ppm) pH (umho/cm) . (°C)
Sep 1 * 7.3 5475.5 27.5-
2 * * 4767.5 24.0
3 * 7.6 5134.5 24,5
4 * 7.5 5258, 0 24,9
5 * 7.3 2807.5 25.3
6 * 7.2 ® 24.8.
7 * 7.5 * 24,1
8 * 7.3 2908.5 24,4
9 7.9 7.4 2850.5 23.7
10 10,0 7.4 1155.0 22,9
11 5.7 7.6 2040.0 22.4
12 5.7 7.6 2036.0 24.1
13 5.0 7.5 1941.5 23.9
14 7.8 7.6 2107.0 23.0
15 9.0 7.5 1954.0 24.3
16 8.3 7.6 1437.0 24,3
17 8.9 7.7 1495.0 23.5
18 7.1 7.5 840.5 22.2
19 7.6 7.6 1383,0 23,8
20 9.9 7.2 893.5 23.7
21 7.5 7.4 752.0 23.3
22 7.2 7.4 530.5 23.5
23 8.4 7.5 328.5 20,8
24 8.9 7.5 364.0 21.7
25 8.9 7.5 1113.0 20,9
26 8.8 7.5 1914.0 20.4
27 8.1 7.4 3823.0 19.3
28 11.2 7.5 3005.0 21.5
29 8.2 7.4 2623.5 22.5
30 8.9 7.7 3330.0 20.3
Oct 1 8.3 7.5 3062, 5 19.7
2 7.8 7.1 2372.5 18.9
3 8.8 7.4 1608.5 17.6
4 7.1 7.2 1200.0 18.0
5 7.8 7.3 1181.5 18.1
6 8.2 7.2 1178.0 18,2
7 % * sk *
8 7.6 7.6 580. 0 16.9
9 8.9 7.6 554, 0 17.0
10 7.1 7.5 642,5 17.0
11 8.4. 7.6 540, 0 17.0
12 - 7.4 7.5 1247.5 17.1
13 6.2 * 572.0 16.5
14 5.4 7.7 1182, 0 16.9
15 8.4 7.6 1552.0 17.5
16 7.2 7.7 1132, 0 17.0
17 * 7.7 1389,0 18.7
18 * 8.0 779.5 19.0
19 * 7.4 638.0 21.1
20 * 7.5 613.0 17.0
21 5.7 7.5 682, 0 15.6
22 8.9 7.8 4225, 0 14.7
23 5.7 7.7 3846, 0 15.5
24 * 7.9 758.0 15,0
25 9.3 7.7 1209.0 15.5
26 10.6 7.7 2218,5 14.4
27 9.6 7.7 2838.0 14,0
28 9.7 7.9 4507.0 13.1
29 11.4 7.5 4530, 0 14,1
30 9.0 7.6 4405, 0 13.8
31 9.5 7.7 4893, 0 14.0

*No data taken

C-11

services group



Table C-2 (Contd)

: DO Conductivity Temperature
Date {ppm) pH {umho /cm) (°C)
Nov 1 9.2 7.9 4497.5 13.8

2 8.9 8.7 4498.5 14.1

3 14.0 7.5 4598.0 13.8

4 * * ¢ *

5 11.4 7.9 2775.0 14.0

6 11.4 7.6 2527.0 15.0

7 14,3 7.8 1542.5 13,9

8 10.6 7.9 1375.0 12.0

9 10,7 7.8 1262.5 12.0

10 11,2 7.8 2375.5 11.5

11 11,2 7.8 2258.5 11.2

12 10.5 7.6 2478.5 12.0

13 10.2 7.9 2578.0 12. 0

14 10.0 7.9 1271.0 11.5

15 9.3 7.9 481.5 15.5

16 11.5 7.9 356.0 11.0

17 1.9 8.0 329.0 10.7

18 12.9 7.8 306.5 10.0

19 11.6 7.6 267.5 11,0

20 9.8 7.5 256.0 10.2.

21 12.2 7.6 250, 0 10.0

22 12,1 * 243.5 8.3

23 10,4 * 225.5 8.3

24 1.7 * 241.0 7.9

25 7.9 * 227.5 7.9

26 11.2 * 233.5 7.5

27 10,4 * 328.0 7.0

28 6.0 * 617.0 7.0

29 7.4 * 364.5 7.4

30 9.6 * 330.0 6.9
Dec 1 9.5 * 318.5 7.0

2 13.0 * 784.5. 1.6

3 6.5 * 309.5 7.0

4 9.6 * 246.5 7.1

5 * * 608.5 *

6 * * 450. 0 5.0

7 * * 170.0 *

8 * * 334.5 7.5

9 * * 245.0 7.0

10 * * 206.5 5.2

11 * * 260.5 5.4

12 * * 221.0 5.4

13 * * 228.0 5.1

14 * * 232.5 5.7

15 * * 247.0 6.0

16 * * 164.5 8.0

17 * * 216, 0 6.0

18 * * 205.0 5.5

19 * * 229.5 4.0

20 * * 190.5 4.8

21 * * 182.5 5.5

22 * * 182.5 5.5

23 * * 192.0 3.0

24 * * 210.5 2.9

25 * * 208.5 2.9

26 * * 498.5 3.8

27 * * 1685.0 3.4

28 * * 1772.5 3.0

29 * * 2067.5 4.9

30 * * 1595, 0 3.5

31 * * 994.0 4.9

*No data taken

services group



Table C-3
Water Quality, Unit 3 Intake, 1974

jole] Conductivity Temperature
Date (ppm) pH (umho/cm) (°c)
Jan Lk , * * %
Feb " 1-6
7 14.1 * 892.0 0
8-28 o * * *
Mar 1] * S *
Apr 1-16 * * * *
17 13.1 7.5 247.8 3.4
18 13.1 7.3 263.3 4.7
19 * 7.2 239.1 4.5
20 10.3 7.3 218.4 4.2
21 12.5 7.3 218.7 4.3
22 12.2 7.3 252.6 5.6
23 * * 219.0 6.0
24-30 * %* * %*
May 1 12.9 7.5 250.8 8.9
2 13.1 7.0 248.2 10.8
3 13.4 9.0 267.3 10.3
4 12,7 7.1 241.0 9.5
5 12,2 7.2 230.5 10.0
6 14.0 7.0 454.5 18.2
7-31. * * * *
Jun 1-4 # ] * *
5 10.4 7.1 172.5 18.1
6 9.3 7.1 172.0 18.1
7 7.0 7.2 175.0 18.6
8 7.5 7.2 169.0 19.2
9 6.0 7.2 169.0 19.0
10 6.8 7.3 157.3 20.5
11 7.8 7.2 181.3 20.7
12 8.5 7.3 268.0 20.4
13 8.0 7.3 883.7 20.0
14-18 * * * *
19 8.5 7.4 955.1 21.0
20 5.5 7.2 2083.7 21.2
21 6.5 7.3 2209.4 24.2
22 8.7 7.5 2005.8 22.4
23 6.6 7.4 1719.4 22.3
24 6.2 * 1627.6 22.0
25 4.2 * * 21.5
26-30 * * % %
Jul 1-17 * * * *
18 6.7 7.2 5296.3 25.7
19 7.1 7.3 5600.8 26.0
20 7.8 7.4 5801.8 25.4
21 7.4 7.3 5549.7 25.6
n22 7.9 7.3 5926.6 18.7
23 6.8 7.5 5056.3 24.4
24-31 % . * *
Aug 1-6 * * * %
7 6.6 7.1 3886.8 25.2 -
8 6.3 7.2 3408.5 23.6
9 6.3 7.3 2846.1 25.5
10 6.7 7.2 3540.2 23.8
11 6.3 7.2 3117.5 25.6
12 7.0 * 2768.9 25.1
13 6.8 * 2876.8 25.0
14-31 %* % * *

*No data taken

©-C-13
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Table C-3 (Contd)

DO Conductivity Temperature
Date (ppm) pH (4mho/cm) T (0
Sep 1-3 L * * * .
4 * 7.2 4138.7 24,6
5 * 7.5 3621.5 24.2
6 * 7.4 4392.8 23.7
7 * 7.4 4691.0 24.3
8 * 7.3 2990.5 24.3
9 7.9 7.3 3149.6 23.6
10 8.6 7.5 1365.3 22.7
11-30 * * * %
Oct 1-8 * ® ® ]
9 8.1 7.6 1100.8 16.9
10 8.6 7.5 1034. 4 17.3
11 8.4 7.6 924.8 16.7
12 8.3 7.5 1339.7 17.0
13 8.5 7.5 1062.9 16.9
14 7.3 7.5 1641.9 17.0
15 8.4 7.6 1031.5 17.3
16-31 # * *
Nov 1-12 * * * #*
13 10.1 7.8 2922.1 12.2
14 10.5 7.9 1299.0 11.2
15 10.6 7.8 535.8 10.8
16 11.0 7.8 353.4 10.5
17 11.9 7.9 306.4 10.9 -
18 11.8 7.7 367.0 10.6
19 11.8 7.5 276.3 10.5
20-30 # * * %
Dec 1-17 * * * E3
18 * * 221.1 5.7
19 * * 237.5 3.9
20-26 * * * *
27 * * 1037.5 4.8
28 * * 1737.0 4.2
29 * * 2156.1 4.3
30-31 * * * *

*No data taken
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Table C-4
Water Quality, Discharge Canal, 1974

DO Conductivity Temperature
Date {(ppm) pH (Mmho/cm) (°C)
Jan 1 13.0 6.9 290.0 0.6
2 13.6 7.1 177.5 0.7
3 *® 7.2 186.5 1.0
4 13.1 7.5 186.5 0.8
5 11.8 7.3 211.5 0.7
6 12.6 * * 1.1
7 13.0 6.7 266.5 1.1
8 13.5 6.8 261.0 0.7
9 12.1 6.9 252.5 0.7
10 *® 6.9 155.0 *
11 12.9 6.9 281.0 1.2
12 15.0 - 7.0 289.5 1.1
i3 13.1 7.0 326.5 0
14 11.9 6.9 323.0 0.7
15 15.1 6.9 184.0 0.9
16 13.8 7.0 146.5 8.1
17 15.1 6.9 155.0 0.2
18 %* * * %
19 15.0 7.3 455.5 0.4
20 12.1 7.4 846.0 10.8
21 12.6 7.5 1962.5 12.3
22 11.5 7.1 2156.5 8.9
23 14.8 7.1 1520.0 8.5
24 14.9 7.0 817.0 7.5
25 14.0 7.3 620.5 1.5
26 13.0 7.2 313.5 6.1
27 13.9 7.1 284.0 4.6
28 14.1 7.1 221.5 8.0
29 13.2 7.0 215.0 1.5
30 - 13.4 7.1 224.5 0.7
31 14.4 7.2 233.0 1.3
Feb 1 15.2 7.1 224.5 0.9
2 12.9 7.1 218.0 4.0
3 * 7.2 210.5 4.2
4 * 7.2 138.0 *
5 * 7.2 215.0 - *
6 * 7.0 240.0 *
7 13.5 7.0 935.0 2.5
8 12.4 7.0 527.0 7.0
9 10.6 7.1 442.0 6.0
10 14.5 7.1 331.5 7.0
11 - 15.3 7.0 238.0 5.3
12 15.3 7.2 227.5 6.8
13 14.5 7.2 229.5 6.5
14 14.5 7.2 242.5 6.5
15 12.4 7.4 227.5 5.5
16 11.2 7.3 258.0 2.5
17 * 7.3 445.5 3.7
18 12.8 7.5 2676.0 3.0
19 11.9 7.5 .5114.5 5.0
20 13.2 7.5 5193.5 6.0
21 15.0 7.4 © 4802.5 0
22 13.1 7.4 4970.0 7.0
23 * 7.2 1372.0 10.5
24 13.8 7.5 401.5 11.5
25 * 7.2 409.0 10.8
26 17.7 7.4 283.0 10.3
27 14.8 7.3 244.5 11.0
28 13.2 7.3 206.0 11.1

*No data taken
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Table C-4 (Contd)

DO Conductivity Temperature
Date (ppm) pH (Mmho/cm) (°C)
Mar 1 12.7 7.3 206.0 8.5
2 13.3 7.3 225.0 10.7
3 12.4 7.5 299.0 11.3
4 12.3 7.5 564.0 11.4
5 13.5 7.6 266.0 12.3
6 14.7 7.5 213.0 11.0
7 8.3 7.2 250.5 12.0
8 15.6 * 181.0 14.5
9 14.3 7.2 179.0 13.5
10 14.1 7.0 182.0 13.5
11 6.3 7.1 184.0 15.3
12 18.0 7.1 181.0 13.0
13 14.3 7.4 175.5 10.5
14 13.2 7.5 173.0 8.3
15 12.7 7.7 241.5 10.0
16 12.3 7.3 327.0 7.5
17 15.0 7.2 214.5 7.0
18 * * * *
19 13.5 7.4 1447.5 5.3
20 12.8 7.3 677.0 8.3
21 10.6 7.3 1259.0 5.5
22 11.3 7.4 954.0 11.5
23 11.9 7.3 1226.0 10.8
24 9.5 7.2 857.0 12.1
25 12.7 7.2 332.0 12.5
26 * 7.2 325.5 10.0
27 13.1 7.3 242.5 13.5
28 11.7 7.6 182.0 18.0
29 11.2 7.7 191.0 17.3
30 18.4 7.4 445.0 14.3
31 13.1 7.2 228.0 12.0
Apr 1 13.7 7.3 598.5 15.7
2 12.4 7.3 2278.5 16.9
3 13.3 7.3 2283.0 15.0
4 13.7 7.3 1018.5 16.0
5 13.9 7.3 969.0 16.7
6 12.1 7.1 252.0 17.5
7 12.0 7.3 246.0 8.5
8 12.5 7.3 455.5 15.7
9 10.9 7.4 245.5 19.6
10 12,3 7.4 304.0 16.5
11 13.2 7.3 252.5 13.5
12 13.5 7.4 265.0 15.0
13 14.2 7.3 511.5 11.5
14 * 7.3 256.5 13.5
15 13.5 7.3 219.5 27.8
16 16.2 7.2 212.0 19.0
17 14.8 7.3 235.8 12.7
18 11.2 7.2 288.4 12.9
19 * 7.2 225.6 15.0
20 13.0 7.4 204.6 9.4
21 12.9 7.2 215.2 8.2
22 12.1 7.2 223.6 8.9
23 12.3 7.2 213.2 8.7
24 13.8 7.3 260.5 10.0
25 16.3 7.3 228.0 13.8
26 14.3 7.3 265.5 9.3
27 14.1 7.2 284.5 10.0
28 13.9 7.4 242.0 10.8
29 11.5 7.3 199.0 14.7
30 11.5 7.3 * 8.6

'*No data taken
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Table C-4 (Contd)

DO Conductivity Temperature
Date (ppm) pH (umho/cm) (°c)
May 1 12.7 7.1 231.8 19.0
2 13.1 7.1 333.6 16.9
3 12.1 7.1 353.,2 ©18.2
4 13.1 7.0 258.0 12.5
5 11.9 7.0 219.5 15.0
6 11.9 7.0 219.5 15.0
7 13.4 7.0 224.5 20.5
8 9.8 9.3 178.5 18.2
9 12.6 7.1 258.0 19.9
10 12.8 7.3 231.5 16.8
11 12.0 7.8 213.5 10.0
12 10.1 7.2 222.0 10.0
13 12.8 7.2 245.0 10.0
14 * 7.3 215.0 10.0
15 * 7.2 142.5 *
16 * 7.1 143.5 *
17 * 7.0 150.0 *
18 * 7.2 153.5 *
19 * 7.2 157.5 *
20 * 7.2 160.0 ®
21 * 7.2 177.0 20.0
22 * 7.3 183.5 13.3
23 * 7.3 148.0 - 21.0
24 10.1 7.1 164.0 24.2
25 ® 7.2 139.0 24.0
26 * 7.4 134.0 24.0
27 * 7.2 145.5 22.7
28 * 7.2 138.5 24.3
29 * 7.3 143.5 22.5
30 * 7.2 138.5 25.3
31 * 7.1 150.0 25.0
Jun 1 * 7.1 156.0 23,0
2 * 7.1 157.0 22.7
3. * 7.3 149.5 25.0
4 * 7.2 144.5 26.0
5 11.8 7.1 146.5 26.3
6 11.7 7.1 148.5 24.8
7 7.7 7.3 155.0 23.3
8 . 6.4 7.1 152.5 23.6
9 4,2 7.3 151.0 25.0
10 6.8 7.3 150.9 24,1
11 8.6 7.3 159.1 25.4
12 9.3 7.3 290.0 25.8
13 8.2 7.3 826.7 27.1
14 7.2 7.4 588.0 27.3
15 8.5 7.5 1207.5 23.1
16 9.0 7.4 1282.5 23.0
17 8.0 7.6 1564.5 26.1
18 10.5 7.5 1372.0 26.0
19 8.8 7.4 957.8 27.5
20 4.9 7.3 2125.4 29.4
21 7.2 7.3 2150.7 28.6
22 5.6 7.4 3345.0 29.1
23 6.4 7.3 1603.8 30.9
24 5.9 7.3 2303.8 28.2
25 8.1 7.4 1856.0 23.3
26 5.3 7.3 597.5 26.8
27 5.0 7.5 563.5 29.1
28 1.6 7.3 418.0 28.8
29 3.2 7.4 623.0 31.0
30 5.4 7.4 451.0 29.2

*No data taken
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Table C-4 (Contd)

DO Conductivity Temperature

Date ' (ppm) pH (pmho/cm) (°C)
Jul 1 4.5 7.2 428.5 30.0
2 6.2 7.9 520.0 25.9
3 10.3 7.2 501.5 32.0
4 7.4 7.3 240.0 26.1
5 7.5 7.4 187.5 32.1
6 8.4 7.4 173.0 32.5
7 6.2 7.3 191.5 27.1
8 6.8 7.4 184.0 30.7
9 4.6 7.2 177.0 32.6
10 1.9 7.3 4740.5 31.7
11 4.3 7.4 4288.5 32.4
12 3.7 8.3 3725.0 29.9
13 5.4 8.6 405.0 30.4
14 4.5 7.3 271.0 31.1
15 6.8 7.6 260.5 31.4
16 9.8 7.2 178.5 30.8
17 7.1 T.4 173.5 31.1
18 6.9 7.3 4536.8 33.3
19 7.8 7.4 5592.1 31.6
20 7.7 7.4 5254.6 30.6
21 7.6 7.5 4957.2 32.2
22 7.6 7.5 4298.5 32.6
23 8.4 7.4 4386.8 30.8
24 8.8 * * 39.6
25 9.6 * * 33.3
26 9.7 * * 32.1
27 9.5 * * 32.4
28 9.6 * * 32.3
29 10.6 * * 24.8
30 10.2 * 6520.5 26.8
31 7.7 7.5, 4948.5 ©28.0
Aug 1 5.8 7.5 3329.5 28.3
2 6.5 7.4 4524.,0 28.0
3 9.3 7.5 4357.5 27.8
4 10.1 7.8 2300.0 29.3
5 6.4 7.5 3588.5 29.3
6 10.3 7.4 3785.0 26.5
7 11.2 7.7 3469.3 32.5
8 6.2 7.3 3547.3 28.1
9 6.4 7.5 2733.4 32.1
10 6.7 7.3 3367.4 31.8
11 6.9 7.5 5128.5 30.9
12 7.2 7.5 2691.8 32.0
13 8.4 7.6 3311.2 : 32.7
14 6.8 7.6 5063.0 32.4
15 10.1 7.6 5101.0 32.5
16 9.4 7.3 * 34,5
17 8.1 7.3 5890.5 34.6
18 8.1 7.4 5851.5 35.0
19 10.3 7.4 5922.0 34.0
20 11.1 7.5 6048.0 34.0
21 7.3 7.2 6020.5 33.5
22 8.3 7.4 6050.5 32.5
23 6.3 7.6 3364.0 © 35.3
24 5.8 * 2828.5 34.4
25 5.1 7.6 3204.5 35.3
26 6.3 7.4 4226.0 32.8
27 6.6 7.6 4843.0 32.0
28 6.2 7.4 4830.0 34.0
29 8.8 7.4 4528.5 36.0
30 * 7.5 4738.5 29.8
31 * 7.4 4703.0 32.1

*No data taken
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Table C-4 (Contd)

- DO ‘Conductivity Temperature

Date (ppm) pH (pmho/cm) T(%Q)
Sep 1 * 7.4 5158.5 31.9
2 * 7.6 4879.5 26.4
3 * 7.5 5152.5 25.7
4 * 7.4 5017.0 27.8
5 * - 7.5 3979.6 32.6
6 * 7.4 4228.8 32.4
7 * 7.6 4378.5 31.3
8- * 7.4 2865.0 28.5
9 8.8 7.3 3119.9 25.7
10 9.3 7.5 1581.0 25.0
11 8.3 7.6 1726.5 29.7
12 6.7 7.6 1832.5 32.0
13 7.4 7.6 1823.5 29.9
14 8.3 7.6 1815.5 30.3
15 8.1 7.6 1740.5 33.8
16 8.4 7.6 1286.5 31.9
17 8.5 7.6 1253.5 31.8
18 9.0 7.6 "679.5 31.1
19 8.3 7.8 1431.5 31.5
20 10.3 7.4 784.5 31.5
21 6.5 7.5 616.5 33.2
22 7.3 7.3 352.0 33.5
23 8.8 7.5 296.0 29.2
24 10.2 7.4 359.5 30.6
25 8.3 7.5 941.5 30.6
26 9.8 7.5 1671.0 29.0
27 7.6 7.5 2964.0 28.1
28 10.6 7.6 2865.5 31.5
29 7.5 7.5 4461.0 28.0
30 8.4 7:8 3228.0 22.2
Oct 1 8.8 7.5 2959.5 21. 4
2 8.6 6.7 2340.5 19.2
3 10.1 7.3 1576.0 18.2
4 9.6 7.5 1154.0 18.0
5 7.1 7.2 1149.5 18.2
6 9.6 7.3 1123.0 20.3
7 8.6 7.6 880.5 20.3
8 8.7 7.6 611.0 19.0
9 9.1 7.5 1176.7 19.2
10 7.9 .T.6 973.4 19.4
11 9.8 7.5 929.4 19.5
12 10.1 7.6 1153.0 23.5
13 9.2 7.5 861.8 25.3
14 7.0 7.6 1412.7 24.4
15 7.3 7.6 1066.3 25.6
16 7.6 7.7 1025.0 25.3
17 * 7.8 1029.5 26.6
18 * 8.0 686.5 26.0
19 * 7.5 585.0 26.1
20 * 7.5 513.0 25.5
21 10.0 7.6 633.5 23.9
22 S 8.1 7.8 3731.0 23.2
23 8.7 7.7 3579.0 23.2
24 * 7.9 615.0 22.9
25 12.3 7.6 1030.0 23,0
26 9.0 7.7 2037.5 22.2
27 11.2 7.7 3178.5 22.1
28 9.5 7.8 3838.5 21.8
29 10.4 7.7 3993.0 22.5
30 10.5 7.5 4070.5 20.0
31 8.7 7.9 4423.0 20.8

*No data taken
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Table C-4 (Contd)

DO Conductivity Temperature
Date (ppm) pH (pmho/cm) (°C)
Nov 1 9.2 7.8 4457.5 20.6
2 10.4 7.7 4527.5 20.1
3 11.6 7.7 4581.0 23.8
4 13.9 7.7 4811.0 22.0
5 10.6 7.9 2655.0 18.0
6 10.1 7.6 2323.5 20,0
7 11.7 7.9 1454.0 18.0
8 11.1 8.0 1135.5 22.5
9 10.1 7.9 1348.0 12.0
10 12.6 7.8 1586.0 12.0
11 12.1 7.9 1846.5 12.1
12 10.7 7.6 1823.5 21.5
13 10.2 7.8 2520.0 18.2
14 10.3 7.9 1154.8 17.5
15 9.9 7.8 452.8 20,4
16 11.5 7.8 309.2 19.1
17 10.2 7.9 258.2 18.9
18 10.1 7.9 292.8 18.6
19 11.6 7.7 268.2 19.3
20 11.0 7.5 209.0 22.8
21 9.8 7.5 217.0 21.0
22 12.1 * 188.0 19.3
23 10.0 * 193.0 21.5
24 10.4 * 220.5 18.3
25 12.1 * 210.0 16.3
26 7.3 * 193.0 17.8
27 8.9 * 279.5 17.1
28 6.6 * 555.5 14.5
29 3.9 * 316.0 19.5
30 * * 294.0 19.0
Dec 1 8.6 * 300.5 18.8
2 8.5 * 729.5 19.3
3 8.1 * 258.5 13.0
4 6.0 * 236.0 15.5
5 * * 536.5 *
6 * * 340.5 19.0
7 * * 317.5 *
8 * * 377.0 7.0
9 * * 199.0 22.0
10 * * 163.0 21.0
11 * * 181.0 22.0
12 * * 149.0 22.0
13 * * 174.5 19.3
14 * * 191.0 20.8
15 * * 183.5 21.1
16 * * 179.0 19.5
17 * * 168.5 18.5
18 * * 185.3 14,3
19 * * 179.4 15.6
20 * * 176.0 16.0
21 * * 176.5 14. 1
22 * * 170.5 14.6
23 * * 187.5 11.5
24 * * 191.0 14,3
25 * * 190.0 14.8
26 * * 317.5 12,0
27 * * 1174.3 10.9
28 * * 1470.8 11.8
29 * * 1650.4 11.6
30 * * 1211.0 14.0
31 * * 802.5 19.7

#*No data taken
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APPENDIX D
PLANT OPERATIONAL VARIABLES FOR UNITS 1, 2, AND 3
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Table D-1
Unit 1 Operational Variables, 1974

Avg.
Avg. Time Measured Avg., Time Avg., AES
No. of Circulators| Avg. Flow| Avg. Head | Approach Air Curtain| Measured .
Circulators Operating Rate Loss Velocity Operating Tide Tota] Flow
Date Operating (hr) (gpm x 103) (ft) (fps) (hr) (ft) (107 m”~),
Jan 1- 1 * 52.0 * * * -0.85 *
2 1 * 52.0 * * * -1,60 *
3 1 43.0 * * * -0.75 E
4 1 43.0 * # -0.28 *
5 1 * 43,0 * * 1,05 *
6 1 2 43,0 % i3 * 1; 14 *
7 1 * 52.0 o 0,48 *
8 1 * 52,0 * 0.29 *
9 1 * 52.0 * % H 0,48 *
10 1 * 52,0 * * e -1.13 *
11 1 43.0 -1.13 *
12 1 * 43,0 s * -1,32 ¥
13 1 43.0 -1.60 *
14 1 * 43.0 * -0.56 *®
15 1 * 43.0 * * -0.56 *
16 2 * 47.5 % * 0.19 *
17 2 22.1 47.5 * * g 0.76 0.957
18 2 21.8 47.5 | * * % * 0.474
19 2 24.7 47.5 * i 1.05 0,247
20 2 25,8 47.5 #* -1.32 0.257
21 2 22,2 47.5 * 0.38 0.222 .
22 2 24.4 47.5 # e -1,23 0.244
23 2 24,8 47.5 * -1.51 0,248
24 2 18.3 47.5 * * -1.60 0.409 -
25 2 26,1 47.5 * 15,4 -0.09 1.125
26 2 20.9 47.5 B * 20.9 -0.85 0.903
27 2 26.8 47.5 * * 26,8 -0. 66 1.159
28 1 24. 8 43.0 * * 24.8 -0,37 0.485
29 1 20.8 43.0 * % 20.8 -0.28 0.407
30 1 23,1 43.0 * 20.8 -0.18 0,452
31 1 24,5 43.0 * 24.5 -0.10 0.479
Feb 1 1 26.4 43.0 * * 26.4 -0.66 0.515
2 2 21.8 47.5 * * 21.8 0.55 0. 426
3 A 24.0 47.5 * * 24,0 1.42 0.240
4 2 44,5 47.5 * * 44.5 0.95 1.404
5 2 33.3 47.5 * * 33.3 1.71 1. 485
6 1 22,3 43,0 * * 22.3 -0.66 0.436 °
7 2 24.3 47.5 * * * -0.47 0. 474
8 2 26.2 47.5 * * * -0.85 1.140
9 2 23.5 47.5 * * 23.5 * 1.018
10 2 23.7 47.5 * * 23.7 * 1.022
11 2 24. 4 47.5 * 24.6 * 1,055
12 2 25,3 47.5 * * 25.3 * 1,092
13 2 22.6 47.5 * % 1 22,6 * 0.974
14 2 24,0 47,5 *® * 24,0 * 1.037
15 2 24,9 47.5 * * 24,8 * 1.072
16 2 * 47.5 * * * * *
17 2 - 47.6 47,5 * * * * 2.053
18 2 23.4 47.5 % * 23.4 * 1,008
19 2 24.3 47.5 * * 24.3 * 1.049
20 2 24,4 47.5 * * 24.4 1.33 1. 052
21 2 24,4 47.5 * * 24.3 -1.04 1,053
22 2 24.2 47.5 * * 24,2 -0, 66 1.041
23 2 23,5 47.5 i * 23.5 -2,17 1.014
24 2 23,6 47,5 * * 23.6 -1.41 1.020
25 2 24.2 47.5 * * 24,2 -1.41 1.042
26 2 23.9 47.5 * * 23.9 -1.13 1.032
27 2 23,7 47.5 * * 23,7 -1.13 1.024
28 2 24,3 47.5 * % 24.3 -0.66 1,046

*No data taken.,
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Table D-1 (Contd)

Avg.
Avg. Time Measured Avg. Time | Avg. AES
Circulators| Avg. Flow| Avg. Head| Approach Air Curtain | Measured
No. of Circulators | Operating Rate Loss Velocity Operating Tide Total Elow
Date Operating - (hr) gpm x 103 (£t) - (fps) (hr) (£t) (106 m3)
Mar 1 2 24,0 48,0 * * 24,0 -0.56 1,047
2 2 25.0 48.0 * * 25.0 -0.47 1.088
3 2 23.4 48.0 * * 2344 0.29 1.019
4 2 24.6 48.0 * * 24,6 1.14 1.072
5 2 24.9 48.0 * * 24.9 0.95 1.084
6 2 21.8 48.0 * * 21.8 0.29 0.953
7 2 21.8 48. 0 * * 24.1 0.29 0.684
8 2 29.9 48.0 * * 29,9 -0.66 1,323
9 2 25.2 48.0 * * * 0.10 0,800
10 2 22.9 48.0 * * 23,0 -0.66 1,323
11 2 24,5 48.0 * * 24.5 -2.17 0.780
12 2 23,1 48,0 * * 23.1 -0.73 0.736
13 2 24.3 48.0 * * 24,3 -2.17 0.774
14 2 23,4 48.0 * % 23.4 -0.85 0,745
15 2 25.9 48.0 * * 25.9 0.10 0. 825
16 2 22.9 46.0 * * 23.0 0.76 0.685
17 2 24.5 48.0 * * 24.5 1.14 0.778
18 2 24,2 48.0 * * 24.2 -0.66 0.770
19 2 25,1 48.0 * * 25,1 1,23 1.096
20 2 23,0 48.0 * * 23.0 1.99 0.731
21 -2 24,0 48.0 * * 24,0 1.61 0.764
22 2 24,2 48.0 * * 24,2 -0.28 0.768
23 2 23,8 48.0 * * 23,8 1.99 0.758
24 1 24,4 ‘52,0 * * 24.4 -0.09 0.288
25 2 28.1 48.0 * * 28,1 -1.41 0.887
26 2 23.4 48.0 - * * 23.4 -0.94 0.739
27 2 23.1 48.0 * * 23,1 -1.51 0.734
28 2 24,2 48.0 * * 24,2 -0.85 0.768
29 2 23.9 48.0 * * 23.9 -0.37 0.760
30 2 23.9 48. 0 * * 23.9 0.57 0.759
31 2 24.3 48.0 * * 24,3 0.19 0.772
Apr 1 2 26.5 48.0 * * * 1.23 0. 842
2 2 23.4 48.0 * * * 1.99 0,743
3 2 24.3 48.0 * * * 1.52 0.774
4 2 25.3 48.0 - * * 25.3 1.33 1.101
5 2 23.1 48.0 * * 23.1 1.05 1.010
6 2 24.5 48.0 * * 24.5 0. 00 1.070
7 2 23.5 48.0 * * * -0.56 1,026
8 2 23,7 48.0 * * 23.7 * 1.034
9 2 25.0 48.0 * . * -1.13 1.091
10 2 23.8 52.0 * * 23.8 -1.23 1.125
11 2 23.8 48.0 * * 23.8 -1.04 1,039
12 2 23.9 48.0 * * 23.9 -1.32 1.041
13 2 24.0 48.0 * * 24.0 - -0.37 1,047
14 2 24,4 48.0 * * * 0.19 1.064
15 2 23.7 48.0 * * * 0.76 1.034
16 2 24.6 48.0 * * 24,7 0.03 1.072
17 2 24.0 48.0 * * * 0.57 1.043
18 2 24.0 48.0 * * 24.0 0.76 1.047
19 2 24.0 48.0 * * 24.0 0.67 1. 045
20 2 24.5 48.0 * * 24,0 0.76 1.070
21 2 25.5 48.0 * * * * 1.112
22 2 22.0 48.0 * * * -0. 47 0.959
23 2 28.5 48.0 # * * -0.75 1.243
24 2 19.8 48.0 * * * 1.71 0.862
25 2 23.8 48.0 * * * 2.46 1,036
26 2 23.5 48.0 * * 23.5 1.99 1.024
27 2 24.3 48.0 * * 24.3 -0.37 1.057
28 2 24.7 48.0 * * * -0.56 1.076
29 2 24,5 48. 0 ®. * * 1.05 1.070
30 2 23.6 48.0 * * 23.6 1,42 1.029
*No data taken.
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Table D-1 (Contd)

Avg.
Avg. Time Measured Avg. Time Avg. AES
No. of Circulators| Avg. Flow |Avg. Head Approach | Air Curtain Measured
Circulators | Operating Rate Loss Velocity Operating Tide Total Flow
Date Operating (hr) (gpm x 103) (£t) (fps) (hr) (£t) (106 m3)
May 1 2 24,1 62.0 * * * 2,37 1,358

2 2 26.1 62.0 * * * * 1.244

3 2 22.1 62.0 * * 22.1 0.10 1,244

4 2 23.8 62.0 * * 23, 1.52 1.339

5 2 * 62.0 * * * 0.19 *

6 2 * 66.0 * * * 0.10 *

7 1 * 66.0 * * * 0.00 *

8 1 * 75.0 * * * * *

9 1 % 75.0 * * * -0.37 *
10 1 * 71.0 * * * 0. 00 *
11 1 * 71.0 * * * -0.37 *
12 1 * 71.0 * * * 0.57 *
13 1 * 71.0 * * * 1.42 *
14 1 * 75.0 * * * 1.05 *
15 1 * 75.0 * * * 1.52 *
16 1 * 75.0 * * * 0.95 *
17 1 * 75.0 * * * 1.90 *
18 1 D% 75.0 * * * 1.61 *
19 2 * 75.5 * * * 1.61 *
20 2 * 75.5 * * * 0.95 *
21 2 k 75.5 * * * * *
22 2 * 75.5 * # * 0.19 *
23 2 22.0 75.5 * * ke -0. 47 1,507
24 2 24,9 75.5 % * * 2.65 1,709
25 2 21.4 75.5. * * * -0.18 1.467
26 2 24.0 75.5 * * * -0.09 1.644
27 2 24.3 75.5 * * * 0.76 1.663
28 2 26.4 75.5 * * * 1,42 1.814
29 2 22.5 75.5 * * * 1.71 . 1.539
30 2 23.5 75.5 * * * 1.90 1.611
31 2 24,0 75.5 * - * 24,0 1.80 1.648

Jun 1 2 25.2 75.5 * * * 1.90 1.734

2 2 27.0 75.5 * * % 0.76 1.852

3 2 24,2 75.5 * * * 0.48 1.658

4 2 . 21.8 75.5 * * * 0.19 1.496

5 2 23.6 75.5 * * * 0.76 1.619
6 2 24.6 75.5 * * 26.9 -0.66 1.690

7 2 20.5 75.5 * * 20.5 1.52 1,406

8 2 26,0 75.5 * * 26.0 -0.56 1.783

9 A 22.3 75.5 * * * 0.29 1.526
10 2 26.1 75.5 * * * 0.95 1.793
11 2 o 22.3 75.5 * * * -0.09 1.529
12 2 23.6 75.5 * * * -0.18 1,621
13 2 25.6 75.5 * * * 0.48 1,754
14 2 24,3 75.5 * * 21.6 1.33 1.668
15 2 22.5 76.0 * * * 1.61 1.554
16° 2 22.3 76.0 # * * 2.28 1,536
17 2 . 28.9 76.0 * * * 1.42 1.993
18 2 23.3 76.0 * * * 1.33 1.188
19 2 29.8 76.0 s * * 0.76 2.075
20 2 22.0 76.0 * ' * * -0.09 1.159
21 2 27.5 76.0 * * * -0.94 1,449
22 2 21.5 76.0 * * * -1.70 1,133
23 2 23.5 76.0 * * * -1.70 1.238
24 2 24.0 76.0 * * 24.0 -0.09 0.872
25 2 22.4 76.0 * * * -0.94 1.554
26 2 23.0 76.0 * * * -1.51 1,588

27 2 23.5 76.0 % * * -1.04 1.623
28 2 23.5 76.0 * * * -0,66 1.623
29 2 24.0 76.0 * * 24.0 -0.94 1.657
30 2 24,5 76.0 * * 24,5 1.33 1.692
*No data taken.
D-3 services group




Table D-1 (Contd)

Avg. :
Avg. Time Measured Avg. Time| Avg. AES
No. of Circulators|Avg. Flow|Avg. Head | Approach Ajr Curtain{ Measured
Circulators | Operating Rate Loss Velocity Operating Tide Total Flow
Date Operating (hr) kgpm x 103 (£t) p s) (hr) (£t) (106 m%
Jul 1 2 24.0 76.0 * * * 0.67 1.657
2 2 22.5 76.0 * * * 2,18 1.554
3 2 25,0 76.0 * * * -0.56 1,726
4 2 23.8 76.0 * * 23.8 -0.18 1. 640
5 2 24,0 76.0 # * 24,0 0.00 1.657
6 2 25,0 76.0 * * 25,0 -1.60 1.726
7 1 * 80.0 * * * -1.79 *
8 1 48.8 80.0 * * * -1.70 1.772
9.11 0 * * * * * s *
12 2 23.6 76.0 * * * 0. 48 1.628
13 2 21.0 76.0 * * * 1.05 1.450°
14 2 24.3 76.0 * * * 1,23 1.674
15 2 24.5 76.0 * * * 1.99 1.692
16 2 23.3 76.0 * * * 2.09 1.605
17 2 23,3 76.0 * * * 1,52 1.605
18 2 25.5 76.0 * * * 1.33 1,761
19 2 27.0 76.0 * * * 0.76 1.864
20 2 20.0 76.0 * * 20.0 -0.47 1.381
21 2 27.3 76.0 * * * 2.18 1.881
22 2 25.5 76.0 * * * -0.75 1.761
23 2 19.8 76.0 * * * -0.37 1,364
24 2 25.5 76.0 * * * 0.10 1,761
25 2 22.5 76,0 * . * * * 1.554
26 2 24,0 76.0 - * * * 0.76 1,657
27 2 24,0 76.0 * % * 0.76 1.657
28 2 23.0 70.0 - * * * 1.71 0.993
29 2 25,0 76.0 * * * 1.7 1,726
30 2 24,0 76.0 * * * 1.61 1.657
31 2 24,0 76.0 * * * 0.38 1.657
Aug 1 2 24.5 76.0 * * 16.0 0.67 1.692
2 2 24,0 76.0 * * 24,0 0.29 1,657
3 2 25.0 76.0 * * 25,0 -0.37 1.726
4 2 23.0 76.0 * * 00,0 -1.32 1.588
5 2 24,0 76.0 * * 00.0 -2,83 1,657
6 2 23.0 76.0 * * 00.0 -3.07 1.588
7 2 24.5 76.0 * % 00.0 -1.13 1.692
8 2 25.0 76.0 * * 25.0 0.76 1.726
9 2 23.6 76.0 * * 23.5 -1,13 1.623
10 2 25.5 80.0 * * 00.0 0.38 0.927
11 2 35.8 76.0 ® * * -0.09 2,428
12 2 25,0 76.0 * * 00.0 1.14 1.726
13 2 24,0 76.0 * * * 1.80 1.657
14 2 24.0 76.0 % * * 2.18 1.657
15 2 11.5 76.0 * * 23.5 * 0.794
16 2 24.0 76.0 * * 20.0 1.61 1.657
17 2 24,3 76.0 * * 24,3 1.14 1.674
18 2 24,0 76.0 * * 24.0 -0.18 1.657
19 2 23.3 76.0 * * 00.0 -1.32 1,605
20 2 25.3 72.0 * * 00.0 -0.75 1.652
21 2 23,3 76.0 * * 00.0 -0,75 1,605
22 2 24,0 76.0 * * 00.0 -0,28 1,657
23 2 24.5 76.0 * * 00.0 -0,47 1.692
24 2 23.5 76.0 * * 00.0 0.57 1,623
25 2 25.0 76.0 * * 00.0 1.14 1.726
26 2 23.0 76.0 * * 00.0 1.52 1.588
27 2 12,3 74.0 * * 00.0 0.24 1,663
28 2 24,0 76.0 * * 00.0 0.19 1,657
29 2 24,0 76.0 * * 00.0 -0.66 1.657
30 2 24.5 72.0 * * 00.0 -0.28 1,603
31 2 22.8 76.0 * * 00,0 -0.56 1,571

*No data taken.

services group
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Table D-1 (Contd)

Avg.
Avg. Time] . - | Measured| Avg. Time | Avg., AES
No. of Circulatorsj Avg. Flow Avg. Head Approach| Air Curtain | Measured
No.Circulators Operating Rate - Loss Velocity | Operating Tide | Total Flow
Date Operating © (hr)  |{gpm x 103} (£t) {fps) {hr) (ft) | (206 m3)
Sep 1 2 24.8 76.0 * * 00.0 -1.60 1.709
2 2 23.0 80.0 * * 00.0 -2.36 1.672
3 2 24,0 76.0 * * 00..0 -2.36 1,657
4 2 21. 4 76.0 Cox * 00.0 -2.74 1,472
5 2 24,0 76.0 * * 19.5 -1.98 1.657
6 2 24.5 76.0 # * 24.5 -2.17 1.692
7 2 25.0 76.0 % * 25.0 -2.64 1.726
8 2 21.0 76.0 * * 00.0 -1.89 1.450
9 2 26.5 76.0 * * 00.0 0,86 1,830
10 2 24,0 76.0 * * 00.0 -1.89 1.657
11 2 24.0 76.0 * * 00.0 -1.32 1.657
12 2 24.5 76.0 * * 22,5 -0.28 1,692
13 2 21.0 76.0 * * 21.0 0.38 1,450
14 2, 25.5 76.0 * * 25.5 0.67 1.761
15 2 25.0 76.0 * *® 3.0 ~-0.18 1,726
16 2 23.0 76.0 * * 2.0 0,48 1,588
17 2 25.0 76.0 * * 00.0 -0.94 1,726
18 2 24.0 76.0 % * 00.0 -1.13 1.657
19 2 24,0 76.0 * * 22.0 -1.13 1,657
20 2 23,5 76,0 * * 23.5 -1.13 1.623
21 2 24.5 76.0 * * 24,5 1.71 1.692
22 2 23.5 76.0 * * 2.0 0,38 1.623
23 2 21.0 76,0 *® * 00.0 0.76 1.454
24 2 24.5 76,0 * * 00.0 -0.09 1.692
25 2 26.0 76.0 * * 00.0 1.90 1.795
26 2 23.8 76, 0 * * 00.0 1,61 1.640
27 2 21.3 76.0 * * 21.9 1.71 1,467
28 2 24,5 76.0 * * 24,5 1.90 1.692
29 .2 23.5 76.0 * * 23.5 1.42 1.623
30 2 24,0 76.0 * * 24.0 0.48 1.657
Oct 1 2 '24.5 76.0 * * 24.5 0.67 1.692
2 2 12.3 76.0 * * 22.5 -0.47 0.809
3 1 23.8 72.0 * * 23.8 0.10 0.777
4 1 24,5 72.0 * * 24.5 -1.51 0. 801
5 1 22.2 70.0 * *® 25.4 -1.41 0.705
6 2 20.3 76.0 * * 00.0 -1.41 1.419
7 2 24.0 76.0 * *® 00.0 -0,66 1.657
8 » 2 23.5 76.0 * * 00.0 -0, 37 1.623
9 2 25.0 76.0 * * 00.0 -0,37 1.726
10 2 24.5 76.0 * *® 00,0 0. 86 1.692
11 2 24,5 76.0 * * 00.0 1.80 1.692
12 .2 24,5 76.0 * * 19.5 1.80 1.692
13 2 24.90 76.0 * * 24.0 2.18° 1.657
14 2 24.5 76.0 % %* 24.5 1.52 1.692
15 2 22.5 76.0 *® * 00.0 1.52 1.692
16 2 23.5 76.0 * * 00.0 Co1.61 1.623
17 2 26.0 76.0 * * 00.0 2.56 1.795
18 2 '24.0 76.0 * *® 00.0 -0.94 1.657
i9 2 25.0 76.0 * * 21.0 2.37 1.726
20 2 24.0 76.0 * * 24.0 2.28 1.657
21. 2 24,0 7¢.0 * * 00.0 0. 86 1.657
22 2 24.0 76.0 * * 00.0 0. 57 1,657
23 2 2.5 76,0 * * 00.0 0.29 1.484
24 2 24.0 76.0 * * 00.0 1.42 1.657
25 2 25.5 76.0 * * 00.0 1.99 1,761
26 2 24,0 76.0 % * 00.0 1.42 1.657
27 2 22.0 76.0 % % 00.0 1.80 1.519
28 2 24.5 76.0 * * 00.0 2.18 1.692
29 2 23,5 76.0 * * 00.0 2.18 1.623
30 2 26.5 76.0 s * 00.0 2.18 1.830
31 2 24,0 76.0 * *® 00.0 0.29 1,657
*No data taken.

D-5 services group



Table D-1 (Contd)

Avg,
Avg. Time Measured Avg., Time Avg. AES
No. of Circulators|Avg., Flow |Avg., Head | Approach Air Curtain | Measured |,
Circulators Operating Rate Loss Velocity Operating Tide Total Flow |
Date Operating (hr)  |(gpm x 103 - (ft) (fps) (hr) (f) k105 m3)
Nov 1 2 25.0 76,0 * * 22.5 0.29 1.726
2 2 19.5 76.0 % * 19.5 1.23 1.346
3 2 23,5 76.0 * * 00.0 0, 00 1.623
4 1 24,0 80,0 * * 00.0 -0.37 0.872
5 1 24,5 80.0 * * 00.0 -1.13 0.890
6 1 24.0 52.0 * * 00,0 0. 86 0. 567
7 1 24,0 52.0 * * 00.0 -0.18 0.567
8 1 22.0 52,0 * * 00.0 0.57 0. 520
9 1 27.0 52.0 * * 00.0 0.76 0.638
10 1 21.0 52.0 * * 00.0 2,84 0. 496
11 1 26,5 52.0 * * 18.5 3.32 0.626
12 1 21.5 52.0 * * 00.0 3.13 0.508 .
13 1 5.3 52.0 * * 00.0 1.80 0.126
14 1 37.7 52.0 * * 00.0 1.61 0.890
15 1 21.0 52.0 * ® 16.0 0.95 0. 496
16 1 24,0 52.0 * * 24,0 -0.56 0,567
17 1 24.0 52,0 * ® 24.0 1.80 0.567
18 1 13.0 52.0 * * 00.0 33.88 0.471
19 1 24,0 52.0 * * 00.0 -1.04 0.567
20-23 1 * * * * * * *
24 1 3.3 52.0 * * 00.0 0.29 . 0.077
25 1 22.5 52.0 * * 00.0 1.99 0, 531
26 1 25,0 52.0 * * 16.0 -0.28 0. 591
27 1 24,0 51.0 % * 24,0 1.42 0.556
28 1 24,0 51.0 * * 00.0 2.37 0. 556
29 1 24.0 51.0 * * 16.0 1.80 0. 556
30 1 24,5 51.0 * * 24.0 2, 46 0.568
Dec 1 1 25.0 48.0 * * 25,0 1.71 0. 545
2 1 22.5 48.0 * * 22.5 2,84 0. 491
3 1 23.5 48.0 * * 19.8 -0.37 0.512
4 1 24.5 48.0 * * 12,3 -1.70 0.534
5 1 24.0 48.0 * * 12,0 0.67 0.523
6 1 24.0 51,0 * * 12.0 -0.37 0. 556
7 1 24.0 51.0 * * 20.0 0.95 0.556
8 1 23.0 51.0 * * 00.0 2.28 0.533
9 1 25.0 51.0 * * 00.0 * 0.579
10 1 * 51,0 * * * 2. 46 *
11 1 48.0 51.0 * * 00.0 * 1,112
12 1 24.0 51.0 * * 00,0 * 0. 556
13 1 24.0 51.0 * * 16.0 * 0. 556
14 1 24.0 51.0 * * 24.0 1.14 0. 556
15 1 24,0 51.0 * * 24.0 1.90 0. 556
16 1 27.5 51.0 * * 27.5 1.52 0.637
17 1 z21.0 51.0 * * 21.0 * 0. 486
18 1 15.8 49.0 * * 18.0 -0.37 0. 351
19 1 24.0 49.0 * * 24,0 -0.75 0.534
20 2 25.3 49.0 * * 8.0 20.66 1.124
21 2 23,5 49.0 * * 19.8 0.38 1.046
22 2 24.5 49.0 * * 00.0 0.19 1.091
23 2 24.0 49,0 * * 00.0 00.95 1.068
24 2 24,0 49.0 * * 00.0 1.42 1,068
25 2 24.0 49.0 * * 00.0 * 1.068
26 2 26.0 49,0 * * 00.0 1.61 1.157
27 2 22.0 49,0 * * 00.0 2.75 0.979
28 2 23.0 49.0 * * 00.0 1.42 1,024
29 2 25.0 49.0 * * 00,0 2,09 1.113
30 2 24,0 49.0 * * 16,0 2.65 1.068
31 2 24.0 49. 0 * * 24,0 * 1.068

*No data taken.

services group




Table D-2

Unit 2 Operational Variables, 1974

Avg.
Avg. Time Measured Avg. Time| Avg. AES
No. of Circulators| Avg. Flow|Avg. Head Approach Air Curtain| Measured
Circulators | . Operating Rate Loss Velocity Operating Tide Total Flow
Date Operating (hr)  |gpm x 103 () (fps) (hr) (£t) (106 m3)

Jan 1 1 * 84,0 0. 7000 s * -0.85 *

2-16 0. * ol * * * * *

17 1 * 84.0 0.2000 #* * 0.76 *

18 1 * 84.0 % * % * *

19 1 s 84.0 * % %k 1.05 *
20 1 32.1 84.0 0.0000 = * -1.32 0.612

21 0 * % * B3 B * *
22 1 14.5 84.0 -1.23 0.276
23 1 23.0 84,0 0.0000 * -1.51 0.439
24 1 25,2 84.0 0.0000 # % -1.60 0.480
25 3 23.8 84,0 0.0333 * 11,6 -0.09 0.908
26 6 14,8 84.0 0. 1500 0.4000 17.5 -0.85 1.970
27 6 19.4 84.0 0. 2500 0.9000 23,8 -0.66 2,224
28 4 24,1 84.0 0.0250 1. 1000 24,1 -0.37 1.838
29 4 23,6 84.0 0.0000 1, 0000 23,6 -0.28 1.800
30 1 24,0 84.0 0.1000 0.9000 24,0 -0.18 0.458
31 3 26.0 84.0 0.0000 * * 0.10 0,496
Feb 1 2 30.0 84.0 0. 0000 * * -0.66 1.143
2 2- 21.0 84.0 0.0000 * 21.0 0.67 0.800
3 2 23.3 84.0 0. 0000 * 23.3 1.42 0. 889
4 2 23.2 84.0 0. 0000 * 23.2 0.95 0.884
5 1 23.0 84.0 0.0000 * 23.0 1.71 0.439
6 1 23.8 84.0 0.0000 * 23.8 -0.66 0.455
7 1 25.1. 84.0 0. 0000 * 25.1 -0.47 0. 479
8 2 22.1 84.0 0. 0000 * 22,1 -0.85 0. 421
9 1 26.0 84.0 0. 0000 * 26.0 * 0. 496
10 1 22.8 84,0 0.0000 22.8 * 0.434
11 1 23.8 84.0 0.0000 * 23.8 * 0.453
12 1 24,1 84.0 0.0000 * 24.1 * 0.459
13 1 23,7 84,0 0. 0000 * 23.7 % 0. 452
14 1 24.1 84.0 0.0000 * 24.1 % 0. 459
15 1 24.7 84.0 0.0000 * 24.7 % 0,471
16 1 24,3 84.0 0. 0000 * 24.3 * 0.464
17 1 23.8 84.0 0. 0000 * 23.8 * 0.453
18 1 24.0 84.0 0.0000 | * 24.0 * 0. 458
19 1 24.0 84.0 0. 0000 * 24.0 % 0. 458
20 1 23.8 84.0 0. 0000 23.8 1.33 0.453
21 1 24.0 84,0 0. 0000 * -1.04 0.458
22 1 23.9 84.0 0.0000 23.9 -0.66 0.456

23-28 0 * B £ x 2« * =

Mar 1-12 0 * e * * s ] *
13 1 3.3 84.0 0. 0000 * 4,2 -0,61 0.127
14 2 6.3 84.0 0. 0800 # 11.8 0.48 0. 601
15 2 7.8 84.0 0. 0000 0.9000 7.8 -.16 0.895
16 2 ‘8.1 84.0 0.3333 * 8.0 0. 45 0.932.
17 2 7.9 84,0 0.0000 1.7000 7.9 -0.28 0.906
18 2 7.9 84.0 0.0000 * 7.9 -1.16 0.901
19 2 8.7 84.0 0.0000 % 8.7 0.62 0.994
20 2 8.0 84.0 0. 0000 * 8.0 0.57 0.917
21 5 10.0 84,0 0. 0200 * 10.0 1.58 1.143
22 5 13.2 84.0 0.0000 0.9000 13.2 0.23 2.274
23 5 14,0 84.0 0. 0067 * 14.0 0.70 2.402
24 5q 9.9 84.0 0.0000 * 9.9 1.59 2,275
25 5 10.4 84.0 ~ 0.0000 * 10.4 -0.33 1.981
26 5 11.9 84.0 0.3333 0.8000 11.9 -0.94 2,493
27 5 8.6 84.0 0.1571 0.8000 8.8 -0.12 2.287
28 5 9.1 84.0 0.539 0.8000 9.1 -0.07 1.738
29 4 11.4 84.0 0. 0000 * 1.4 -0.04 1.744
30 4 9.8 84.0 0. 0000 * 10.6 1.30 1.684
31 4 11.0 84.0 0. 0000 0.8000 11.0 0.67 1.895

*No data taken.

services group




Table D-2 (Contd)

Avg.
Avg. Time Measured Avg. Time | Avg. AES
No. of Circulators [Avg. Flow | Avg. Head | Approach Air Curtain | Measured
Circulators Operé\ting Rate Loss Velocity Operating Tide Total Flow
Date Operating (br) (gpm x 10%) (ft) (fps) (hr) (1) (106 m3)
Apr 1 4 25,1 84.0 0.0000 * 25.1 1,23 1.917
2 4 23.8 84.0 0.0750 1.4000 23.8 1.99 1.817
3 4 24.6 84.0 0.0250 1.1500 24.6 1.52 1.878
4 4 23.6 84.0 0.0750 3. 0500 23.6 1.33 1.800
5 4 23.9 84.0 1.1000 0.9500 23.9 1.05 1.820
6 4 24,2 84,0 0.3750 0.9000 24,2 0. 00 1.844
7 3 23.8 84.0 0. 0000 0.8333 23.8 -0.56 1.364
8 3 22.1 84,0 1.1667 * 22,1 * 1,264
9 4 16.7 84,0 0.1500 * 16.7 -1.13 1.908
10 4 11.3 84,0 0. 0000 * 12. 4 -0.52 1.725
11 5 12.3 84.0 * 0.7000 12,2 0.03 1.870
12 5 11,9 84.0 0.0111 0.7600 11.9 -0.50 2,049
13 5 11.2 84,0 0.0000 0.7833 11,2 -0.28 2.130
14 5 11.9 84,0 0.0100 0.8000 11.9 -0.14 2.262
15 5 11.9 84.0 0.0111 * 11.9 0.15 2.278
16 5 11.1 84.0 0.0143 * 11.6 -0.52 2.540
17 5 12.0 84.0 0. 0000 0.9250 12.0 -0.42 2.286
18 5 12.0 84.0 0. 0000 * 12 0 0. 00 2.293
19 6 23.1 84,0 0. 0000 0.7000 23.1 0.67 2. 641
20 1 10.2 84.0 0. 0000 * 10.2 0.76 0. 388
21 1 12.0 84.0 0. 0000 * 12.0 -1.32 0. 458
22 1 12,0 84.0 0. 0000 * 12,0 -0.47 0. 458
23 1 12.0 84.0 0.0000 * 12.0 0.76 0. 458
24 3 11.5 121.3 0. 0000 * 8.5 0.62 1.966
25 2 14.6 102.7 0. 0000 * 14,6 -0.44 1.086
26 3 9.4 140, 0 0. 0000 * 5.2 0.90 1.792
27 3 9.4 140.0 0.0667 * 9.4 0.90 1.789
28 3 12.0 140.0 0.0167 * 12.0 0.53 2,287
29 5 11.6 134, 4 0.0200 * 11,6 1.05 3.242
30 5 12.2 140.0 0.1200 * 12.2 1.42 3.882
May 1 5 12.7 140.0 0.0333 * 14.8 0.86 3,643
2 5 23.6 140.0 0. 0000 * 23.6 * 3.755
3 4 24.3 140.0 0.1000 " 24.3 2.09 3.095
4 1 23.6 140, 0 0.1000 * 23.6 1.52 0.750
5 4 20.9 140.0 0.0000 * 20.6 0.19 2,655
6 4 .23.8 140.0 0.1250 0.8000 23.1 0.15 3.021
7 4 24.1 140, 0 0.6000 * 24,8 0. 00 3.063
8 4 20.8 140.0 0, 4000 * % % 3.302
9 4 23.0 140.0 0.1500 % * -0.37 2.920
10 5 23.5 140.0 0.0800 * 24, 4 0.00 3,743
11 2 23.0 140.0 0.5000 * 23.0 -0.37 1.465
12 4 24,0 140.0 0. 0000 * 24.0 0.57 1.529
13 5 14.8 140.0 0. 0000 * 24,6 1,42 2.359
14 1 23.4 140.0 0.1000 1.0000 23.4 1.05 0. 745
15 2 24.1 140.0 0. 0500 * 24,1 1.52 0.766
16 1 23.9 140.0 0.1000 * 23.9 0.95 0.760
17 1 24,0 140.0 0.1000 * % 1.90 0,763
18 1 24.0 140.0 0.1000 * * 1.61 0.763
19 5 29.2 140.0 0. 0800 * * 1. 61 4,649
20 5 24.4 140.0 0.1000 * * 0.95 3.876
21 5 23.8 140.0 0.1000 * * * 3,023
22 5 23.9 140.0 0.2400 * * 0.19 3.802
23 5 24,1 140.0 0.1400 1. 0000 * -0.47 3.071
24 5 24,4 140.0 0.1000 * * -0.47 3.882
25 5 24,2 140, 0 0.0400 1.2000 * -0.18 3. 840
26 5 23.3 140.0 0.1400 * * -0.09 3.710
27 5 23.5 140.0 0.2200 * # 0.76 3.731
28 6 24.6 140.0 0.1167 % * 1.42 4,701
29 6 23.5 140.0 0. 0500 * * 1.71 4. 491
30 6 23.8 140.0 0.1833 0.9500 * 1.90 4.550
31 6 23.8 140.0 0.1000 1.2333 * 1.80 4.539
*No data taken.
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Table D-2 (Contd)

Avg. .

Avg. Time Measured Avg. Time | Avg. AES

No. of Circulators |Avg. Flow| Avg. Head, Approach Air Curtain| Measured

Circulators| Operating Rate Loss Velocity Operating Tide Totazl Fl‘?(’)w
Date Operating (hr) (gpm x 103) (£t) (fps) (hr)‘ (ft) (10° m~)
"Jun 1 6 24.2 140.0 0.1500 * * 1.90 4,624
2 6 24,2 140.0 0.2833 * * 0.76 4.616
3 6 24.2 140.0 0.1333 * * 0.48 4,621
4 5 23.9 140, 0 0.0200 * 21.8 0.19 3.805
5 5 23.2 140, 0 0.1400 * 23.2 -0.18 3.686
6 6 21.8 - 140.0 0.0333 * * -0.66 4.158
7 6 23.5 140, 0 0.0000 * 23,5 -0.09 4,475

8 6 24.7 140.0 0. 0000 * * -0.56 4.717
9 6 23.3 140.0 0.0167 * 9.3 -0.66 4.454
10 6 24,1 140.0 0. 0500 * 15.7 -0.66 4,589
11 6 o 24.2 140.0 0.0333 * 24.2 0.29 4.613
12 6 24.0 140.0 0. 0000 * 24.0 0.38 4.574
13 5 23.5 140.0 0.0000 * 23.5 0.57 3.739
14 5 24.0 140.0 0.0000 * 24.0 1.23 ‘3,818
15 2 23.4 140.0 0. 0000 * 23.3 1.61 1.487
16 2 24,1 140.0 0.0000 * 24,1 2.28 1.534
17 6 21.9 140.0 0. 0000 * 24.8 1.42 3.480
18 6 24,0 140.0 0.0167 * 24.0 1.33 4.574
19 6 24.3 - 140.0 0.0333 * 24.3 0.76 4.627
20 5 24.0 140.0 0.0200 * 24.0 -0.66 3.816
21 4 24.0 140.0 0.0250 24,0 -0.94 3.053
22 5 25.5 140.0 0. 0200 34,1 -1.70 4,048
23 4 22.17 140.0 0.0250 * 23.5 -1.70, 2,886
24 4 19.9 140, 0 0. 0250 * 24,0 -0.09 2,528
25 6 19.8 140.0 0.3400 * * -0.94 3.769
26 5 24,0 140.0 0.0400 * * -1.51 3,816
27 6 24.1 140.0 0. 0000 % 24.0 -1.04 4,603
28 6 24.0 140.0 0.0667 1.3000 24.0 -0.66 4.579
29 5 24.0 140.0 0. 0000 1.1000 24.0 -0.94 3.816
30 6 24.8 140.0 0.0167 * 28.0 1.33 4,740
Jul 1 5 24.0 140.0 0.0000 * 24.0 0.57 3.816
2 6 29.7 140.0 0.0333 * 29.0 0.76 5.671
3 6 19.8 140.0 0. 0000 * 19.8 -0.56 3.784
4 6 23.8 140.0 0.0000 * * -0.18 4.531
5 4 23.8 140.0 0. 0000 0.8000 * 0.00 3.021
6 6 24.4 140.0 0. 0000 * * -1.60 4,648
7 6 24,3 140.0 0. 0500 * * -1.79 4. 627
8 6 24,5 140.0 0.1500 0.7000 * -1.70 4.674
9 6 24.0 140.0 0.2000 * * 0.00 4.579
10 6 23.5 140.0 0.2500 * * -0.18 4. 483
11 6 24.0 140.0 0.1500 0.9500 * -0.37 4,579
12 6 24,3 140.0 0.2000 * * 0.48 4. 627
13 6 24.0 140.0 0.3833 * * 1.05 4.579
14 5 24.0 140.0 0. 4000 * * 1.23 3.816
15 4 24.0 140.0 0.4250 * 24.0 1.99 3,053
16 5 23.7 140.0 0.1200 * 24.0 2.09 3.772
17 5 24.0 140.0 0.1200 * 24.0 1,52 3.816
18 5 24.2 . 140.0 0.2200 0.7000 * 1.33 3.840
19 5 25.0 140.0 0.3800 0.8000 * 0.76 3.975
20 5 23.5 140, 0 0. 0400 ¥ 23.5 -0.47 2.989
21 5 25.4 140.0 0. 0800 * ©24.0 2.18 4.044
22 4 23.6 140.0 0.0750 * 32.0 -0.75 3.004
23 6 25.5 140.0 0.0833 1.5000 24,0 -0.37 4, 866
24 6 24.0 140.0 0. 0000 1.6000 24,0 0.10 4.579
25 6 23.5 140, 0 0.0000 % 23.5 * 4,483
26 b 24.5 140.0 0.4167 * * 0.76 4.674
27 1 22.7 140.0 0.1000 * * 0.76 0.721
28 1 24.0 140.0 3.0000 * * 1.71 0.763
29 1 24,0 140.0 0.5000 * * 1.61 0.763
30 1 23.5 140.0 0.8000 0.9000 * 1.61 0.747
31 1 24.0 140.0 0. 0000 * * 0.38 0.763

%*No data taken.
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Table D-2 (Contd)

Avg., :
. Avg. Time : Measured Avg. Time | Avg. AES
No. of Circulators| Avg. Flow | Avg. Head | Approach Air Curtain| Measured
Circulators| Operating Rate Loss Velocity Operating Tide Total Flow
Date Operating (hr) (gpm x 103) {ft) {fps) (hr) (ft) (106 m3)
Aug 1 2 24.5 140.0 0. 0500 1.2000 00.0 0.67 1.558
2 2 23.5 140.0 0. 0000 * . 00.0 0.29 1.494
3 2 24.3 140.0 0.1500 * * -0.37 1.542
4 2 24,3 140.0 0.1000 % 00.0 -1.32 1.542
5 1 23.5 140.0 0.1000 1.2000 23.5 -2.83 0.747
6 1 24,0 140.0 0.1000 * 24,0 -1.89 0.763
7 6 24,8 140.0 0.0000 * 24,8 -1.13 4.738
8 6 24,0 140.0 0.0167 0.2000 24,0 -0.85 4.579
9 5 24.5 140.0 0.2000 * 24,5 -1.13 3.895
10 4 22.9 140.0 0.1000 * 24,0 -0.94 2.909
11 5 23.5 140.0 0. 0400 * 23.5 -1.70 2.989
12 6 20.9 140.0 0.0333 * 21.7 1.14 4,642
13 6 22.3 140.0 0.7333 * 22.3 1.80 4,257
14 6 21.7 140.0 0.2167 1. 0000 21.7 ‘2.18 4,144
15 6 23.3 140.0 0. 4333 * 24,0 * 4. 451
16 6 25.5 140.0 0.8000 3.2000 25.5 1.61 4. 865
17 6 24.0 140.0 0.6000 * 24,0 1.14 4.579
18 6 24.0 140.0 0.7500 * 24,0 -0.18 4.579
19 6 24,0 140.0 0. 6667 * 24.0 -1.32 4.579
20 6 21.8 140.0 0.2333 1.1000 21.8 -0.75 4,168
21 6 24,0 140.0 0.1000 * 24,0 -0.75 4,579
22 6 24.0 140.0 0.1000 * 24,0 -0.28 4.579
23 6 24,0 140.0 0. 0500 * 24,0 ©-0,47 4.579
24 6 23,1 140.0 0.2333 % 23,1 -0.75 4,410
25 6 23.3 140.0 0.2333 * 23.3 -0.66 4. 450
26 6 24.0 140.0 0.4667 * 00.0 1.52 4.579
27 6 12.8 140.0 0. 0000 * 12.8 0.24 4.865
28 6 22.0 140.0 0.0333 * 22,0 0.19 4.197
29. 6 24,5 140.0 0.1333 * 24,5 -0.66 4.674
30 6 23.0 140.0 0.0167 1.9000 23,0 -0.28 4, 388
31 6 24.8 140.0 0.3500 0.8000 24.8 -0.56 4.722
Sep 1 6 24.3 140.0 0.2500 * 24.3 -1.60 4.627
2 6 23.5 140.0 0.4667 * 23.5 -2.36 4,483
3 6 24.0 140.0 0.0833 * 24,0 -2.36 4.579
4 6 24.0 140.0 0.8333 * 24,0 -2.74 4.579
5 6 24,0 140.0 0.3167 1.2000 24,0 -1.98 4.579
6 6 24,0 140.0 0.0167 * 24,0 -2.17 4.579
7 2 24.0 140.0 0.8500 * 24,0 -2.64 1.526
8 2 24.0 140.0 0. 0500 0.9000 24,0 -1.89 1.526
9 2 24.5 140.0 0.0500 * 24.5 -0.85 1.558
10 6 10.1 140.0 0.0333 * 10.1 -1.89 1.929
11 6 24,0 140.0 0.0167 * 24.0 -1.32 4.579
12 6 23.3 140.0 0.0167 * 23.3 -0.28 4.452
13 6 24.0 140.0 * 1.2000 24.0 0. 38 4.579
14 6 24,0 140.0 0.0833 * 24.0 0.67 4.579
15 6 23.5 140.0 0.1833 1.9000 23,5 -0.18 4.483
16 5 24,5 140.0 0.8600 * 24,5 0.48 3.895
17 5 24.0 140.0 0.0600 * 24.0 -0.94 3.816
18 5 23.2 140.0 0. 4200 1.9000 . 23.6 -1.13 3.688
19 4 22.0 140.0 0.1000 * 22,0 -1.13 3.498
20 5 24.0 140, 0 0.1200 * 24.0 -1.13 3.816
21 5 24,5 140.0 0.1200 0.9000 24,5 -1.70 3.895
22 5 24,0 140.0 0.0800 * 24.0 -1.41 3.816
23 5 23,5 140.0 1.9200 * 12.5 -1.79 3.784
24 5 24,0 140.0 0. 0400 * 24.0 0.67 3.816
25 5 23.0 140.0 0. 0000 * 23.0 1.90 3.657
26 5 25.0 140.0 0. 0000 1.6000 25.0 1.61 3.975
27 5 23.0 140.0 0. 0400 * 23.0 1.71 3.657
28 5 24.0 140.0 0.0200 * 24,0 1.90 3.816
29 5 24.0 140, 0 0. 0400 * 24.0 1.42 3.816
30 5 24.0 140.0 0. 0600 * 24.0 0. 48 3.816
*No data taken.
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Table D-2 (Contd)

. Avg. .
Avg. Time Measured Avg. Time [Avg. AES
No. of Circulators{ Avg. Flow| Avg. Head{ Approach Air Curtain| Measured
Circulators| Operating Rate Loss Velocity Operating Tide Total Flow
Date Operating (ht) (gpm x 103) £ty ° (fps) " (hr) (ft) (106 m3)
Oct 1 2 24,0 140.0 0. 3000 * 24.0 0.67 1.526
2 2 24.0 140.0 0.0000 * 24,0 -0.47 1.526
3 2 24,0 140.0 0.0000° * 24,0 -0.09 1.526
4 2 24,3 140.0 0. 0000 * 24,0 -1.51 1.542
5 1 24.0 140.0 0. 0000 * 24.0 -1.41 0.763
6 1 24,0 140.0 0.0000 * 24,0 -1.41 0.763
7 1 24.0 140.0 0. 0000 1.2000 24,0 -0.66 0.763
8 1 24.0 140.0 0.0000 * 24.0 -0.37 0.763
9 1 24.0 140.0 0. 0000 * 24.0 -0.37 0.763
10 1 24,0 140.0 0.1000 * 24.0 1.42 0.763
11 5 7.2 140.0 0. 0200 * 7.2 1.80 1.145
12 5 22.0 140.0 0. 0200 * 22,0 1.80 3.498
13 5 27.0 140.0 0, 0000 * 27.0 2.18 4.293
14 5 23.0 140.0 0.0000 * 23.0 1.52 3,657
15 5 24,0 140.0 0, 0000 1.7000 24.0 1.52 3.816
16 5 17.0 140.0 * * 17.0 1.61 5.962
17 5 24.8 140.0 0. 0400 * 24.8 2.56 3.935
18 5 23.9 140.0 0. 0400 * 23.9 -0.94 3.793
19 5 25,0 140.0 0.1600 * 25.0 -0.75 3.975
20 5 23.0 140.0 0. 0000 * 23.0 0.10 3.657
21 5 25.0 140.0 0.0000 * 25.0 -0.37 3.975
22 5 24.0 140.0 0.0000 * 24.0 0. 46 3.816
23 5 23.0 140.0 0. 0000 * 23.0 0.29 3.657
24 5 24,0 140.0 0.0400 * 24.0 1.42 3,816
25 5 25.0 140.0 0.0200 * 25.0 1.99 3.975
26 5 21.1 140.0 0.2800 * 21.1 1.42 5.358
27 5 17.8 140.0 0. 0900 * 17.8 1.80 5. 644
28 5 12.5 140.0 0. 0000 e 12.5 2.18 1,987
29 5 24,0 140.0 0.4600 S 24,0 2,18 3.816
30 5 24,0 140.0 0. 0600 1.3500 24,0 2.18 3.816
31 5 17.1 156.1 1.1667 % 26.1 3.66 5.488
Nov 1 5 11.5 140.0 0.5000 1.3000 11.5 0.29 3.657
2 5 14.0 i12.0 0. 3000 1.1000 14.0 -0.56 2. 805
3 5 10.5 95.2 0.1600 * 10.5 0.34 2.270
4 5 13.5 95.2 0.3000 * 13.5 0.19 2,919
5 5 12.5 95.2 0.0000 * 12.5 -1.13 2.703
6 5 9.0 87.2 0.2800 * 9.0 0.86 0.891
7 5 19.0 84.0 0. 0000 0.8500 19.0 -0.18 3.625
8 5 12,0 84,0 0.1800 * 12,0 0.57 2.289
9 5 12,1 84.0 0. 0000 * 12.1 1.14 1.851
10 3 12.0 84.0 0.0000 * 12.0 2.84 1.374
11 5 10.6 84.0 0.0000 * 11.8 3.07 1.612
12 5 11.4 84.0 0.0000 * 11.4 3.13 1.087
13 -1 21.3 84.0 0. 4000 * 21.3 1.96 2.432
14 5 17.0 84.0 0. 8000 0.8000 17.0 1.80 3.243
15 5 12.0 84.0 0. 0000 * 12.0 0.95 2.289
16 5 13.0 84.0 0. 0000 * 13.0 -0.56 1.240
17 5 24,0 84,0 0. 0400 * 24.0 ~-0.75 2.289
18 5 20.3 84.0 0. 0600 * 20.3 -0.47 2.289
19 5 13.0 84.0 0. 0000 * 13.0 -1.04 1.240
20 5 24.5 84.0 0.1000 0. 4500 00.0 0. 00 2.337
21 5 23.5 84.0 0.0800 * 00.0 0.48 2.242
22 5 21.9 84.0 0.1400 # 1.9 -0.85 2.509
23 4 20.7 84.0 0.1500 * 00.0 2.09 1.975
24 4 19.0 84.0 0. 0000 0, 5000 15.0 2.18 1.812
25 4 21.6 84.0 0. 4000 * 21.6 1.99 1.650
26 4 24.0 84.0 0.2500 * 24.0 -0.28 1.832
27 4 24,0 84,0 0.2000 * 24,0 1.42 1,832
28 4 23.5 84.0 0.4500 * ' 23,5 2,37 1.793
29 4 22.4 84.0 0.5000 * 22,4 1.80 2,137
30 4 L 18.3 84,0 0.2600 * 18.5 1.00 1.746
*No data taken.
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Table D-2 (Contd)

. Avg.
Avg. Time ) Measured Avg. Time | Avg. AES
No. of Circulators |Avg. Flow | -Avg. Head | Approach Air Curtain|Measured
Circulators| Operating Rate Loss Velocity Operating Tide Total Flow
Date Operating (hr) (gpm x 103)| - (ft) (fps) (hr) (ft) (10 m3)
Dec 1 4 19.6 84.0 0.2000 1.4000 19.6 1.94 1.870
2 4 21:1 84.0 1.2500 * 21.1 - 2.75 1.612
3 4 7.6 84,0 0. 4000 * 7.6 1.38 2,308
4 4 16.8 84.0 0. 0250 * 16.8 -1.70 2,242
5 4 15.5 84,0 0. 0000 * 15.5 -0.28 1.183
6 3 18.4 84.0 0.0333 * 18.4 0. 48 2,103
.7 3 11.3 84.0 0. 0000 * 11.3 0.95 0.644
8 3 23.5 84,0 0. 0000 * 23.5 2,28 1.345
9 3 17,0 84,0 0. 0000 * '17.0 0,57 1.946
10 3 17.3 84.0 0.0000 * 00.0 2. 46 0.992
1 3 20.4 84.0 0. 0000 * 20.4 1.05 1.555
12 3 14.6 84.0 0.0000 * 14.6 0,48 1.116
13 3 14.3 84,0 0.4333 # 4,8 * 1.631
14 3 24.0 84.0 0.2000 * 14.5 1.14 1.374
15 3 24,0 84.0 0.1000 0.9000 24.0 0.67 1.374
16 3 23,5 84.0 0.0333 * 23.5 1.52 1. 345
17 3 24.5 84.0 0.3333 0.7000 24,5 * 1. 402
18 3 23.5 84.0 0.2667 * 23.5 -0.37 1.345
19 3 24.0 84.0 0.2000 * 24.0 -0.75 1.374
20 3 24,5 84,0 0.1000 * 24.5 -0.94 1.402
21 3 23,5 84.0 0. 0000 * 23.5 0.38 1. 345
22 3 24.5 84.0 0. 0000 * 24.5 0.86 1.402
23 3 24.0 84.0 0. 0000 * 24.0 0.95 1.374
24 3 24.0 84.0 0. 0000 * 24.0 1.42 1.374
25 3 24,0 84,0 0.0000 * 24.0 * 1,374
26 3 23.5 84.0 0. 0000 1.0000 23.5 1.61 1.345
27 3 24.5 84.0 0.0000 0.9000 24,5 2.75 1.402
28 3 24.0 84.0 0. 0000 * 24,0 1.42 1.374
29 3 24.0 84.0 0.1000 * 24,0 2.09 1.374
30 3 17.5 84,0 2.0000 0.6000 17.5 2.65 2,003
31 3 6.5 84,0 0.0000 * 6.5 * -0, 744"
*No data taken.
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Table D-3.

Unit 3 Operational Variables, 1974

X . Avg. ,
Avg, Time Measured Avg. -Time | Avg. AES
No. of Circulators| Avg. Flow | Avg. Head Approach | Air Curtain| Measured
: Circulatorg Operating Rate Loss Velocity Operating Tide Total Flow
Date Operating {hr) (gpm x 103) - {£t) (fps) (hr) (ft) - (106 ma) .
Apr 1-16 ) 0 * * % * * . % B3
17 1 4.0 140.0 * * * 0.76 0. 254
18 1 4,0 140, 0 0.0000 # % 0.16 0,763
19 1 4.0 140.0 * * . * 0.65 0,763
20 1 4.0 140.0 * * * 0.83 0,768
21 1 4,0 140.0 3 % * 0.10 0.758
22 1 4.0 140.0 0.57 0,771
23 1 3.1 140.0 * % % 0.62 0,294
24-30 0 fS B " kS S % #
May 1 1 3.3 140.0 0.51 0.318
2 1 4.0 140.0 0,53 0.763
3 1 4.0 140.0 -0.09 0.254
4-17 0 % # * B * *
Jun 1- 4 o} 3 ke * % s * : #*
. -5 1 4,0 140.0 * 5 0,38 0.509
6 1 4,8 140.0 * # 0.61 0.763
7 1 4.1 140.0 * * 1. 14 0.390
8 2 4.0 140.0 e 5 " 0.97 1.542
9 2 4,0 140.0 * * S 0.49 1.542
10 2 4.0 140.0 % B B 0.34 . 1.526
11 2 4.1 140.0 * 5 1.39 0,784
12 2 4,0 140.0 B % * 1,14 0.514
13-18 B £ s B B3 s * E3
19 2 4.0 140.0 * 0.92 0,254
20 2 4.0 140.0 % 0.12 1.526
21 2 4.0 140.0 : % 0.24 1.537
22 2 4.0 140.0 %* * -0.12 1,526
23 2 4.0 140.0 * # -0,50 1,526
24 2 4,0 140.0 * & 0,60 1.526
25 2 4.1 140.0 = 0.86 0,774
26-30 0
Jul 18 1 4.0 140.0 1.00 - 0.127
19 1 4.0 140.0 * # % 0,38 0.763
20 1 4,0 140,0 * # #* 0.23 0.763
21 1 4.1 140.0 R 0.78 0.652
22 1 4.0 140.0 # * & 1,06 0.763
23 1 3.3 140.0 g # # 1.05 0.318
24-31 0 2 *
Aug 1-6 0 2 sk B o sk * b
7 1 3.5 140.0 * 1,01 0.445
8 1 4.0 140.0 o 0. 62 0.763
91 1 4.0 140.0 : 0.18 0,763
10 1 4,0 140.0 % 0. 65 0,763
11 1 4.0 140.0 * 0.95 0.763
12 1 4.0 140.0 * 1.09 0.763
13 1 4,0 140.0 * 1.80 0.127
14-17 0 3 S Ed 3 Lo i
Sep 1-3 0 * %* * *
4 1 8.0 140.0 % * -0.18 1,018
5 1 7.3 140.0 * -0,37 1.399
6 1 4.0 140.0 * i -0, 60 0.763
7 1 4.0 140.0 e -0.18 0.763
8 1 4,0 140.0 o B % 0.53 0,763
9 1 4.0 140.0 0.25 0.763
10 1 3.8 140, 0 -1.07 0.366
11-17 1 < f # = S
Oct 1-8 0 :
9 1 4,0 140.0 # * # 0.92 0.509
10 1 4.0 140.0 % * * 0,71 0.763
11 1 4,0 140.0 . i % # 0. 68 0.763
12 1 4.0 140.0 % 3 1.01 0.763
13 1 4,0 140.0 g # 1.10 0.890
14 1 4.0 140.0 * * 0.0 * 0.753
15 1 4.0 140.0 i 0.0 -1.04 0,382
16-17 0 < B i : * *
*No data taken.
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PENNSYLVANIA STATE UNIVERSITY
HISTOPATHOLOGY SURVEY
TEXASINSTRUMENTSPROJECT
February 1975

The following report deals with the post-mortem examination of
fish collected from the vicinity of the water intakes of Consolidated
Edison Generating Stations on the Hudson River.

The primary aim of the study was to identify pathological changes,
if any, in the white perch population found in these areas. More
specifically, our aim was to describe and evaluate the various types
of histopathology observed in gill, spleen, liver, kidney and buccal
roof with respect to incidence, severity and possible etiology. Our
study groups included specimens removed from water intake screens as
well as seined fish collected outside the intake currents.

Methodology

The 145 white perch examined in this study were collected during
April and May of 1974. The specimens ranged in length from 59 mm to 212
mm and weighed from 3.0 to 134.3 g. All of the specimens were delivered
_ to our laboratory fixed in either 10% neutral formalin or Bouins fluid
 (see Table 1, Appendix B). The tissue processing techniques employed were
described in previous reports and are included in Appendix A of this-
report.

Tissue samples of gill, spleen, liver, kidney and buccal roof were
removed from each fish, processed (paraffin technique) and sectioned for
microscopic examination. Sections of each tissue type were stained with
hematoxylin and eosin (h & e) and with periodic acid - Schiff reagent (PAS).
Several special staining procedures were. also employed where more
definitive analysis was desirable. The previously employed pathological
parameters, grading system and overall numerical rating scheme (Pathological
Index) were used in assessing the incidence and severity of the histopathology

observed in each specimen. ’

'_ Results and Analysis -

The major histopathological findings observed in gill, spleen, liver,
kidney and buccal roof from '"seined" (shipped specimens marked no. FR,
BR) and "impinged" (specimens designated as no. FS, FEX, BEX) fish are
summarized in Tables I and II, Appendix B. : '

It is interesting to note that of the entire group of 145 fish
examined in this study, 136 (94%) showed some form of histopathology. This
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is especially noteworthy since 587 of the animals displayed moderate
to severe degrees (P.I., 4-9) of tissue damage (Table III, Appendix B).
In our previous survey, not only was the overall incidence of pathology
lower (67%) but considerably fewer fish displayed moderate to severe

‘degrees of tissue damage (ca. 20%). It should be noted, however, that

this current group of shipped specimens was comprised of considerably
larger fish (ave. wt. 30.3 g) - than the previous study group (ave. wt. _
14.8'g). And, although there were exceptions, the larger fish generally
showed a consistently higher pathological index (see Table V, Appendix B).

- Although the incidence of histopathology was somewhat higher in
impinged fish (95.7%) than in seined specimens (92.1%), the mean P.I.
for these two groups was identical (P.I., 4). As expected, kidney
damage was clearly the most severe form of histopathology recorded for
all size categories except group B (see Table'V, Appendix B). Liver -
histopathology also contributed significantly to the P.I., particularly
in the larger weight categories (groups C, D & E), while gill and spleen
damage contributed least to the mean P.I. in all size categories.

Detailed analyses of major tissues are summarized in succeeding
subsections.

Gill
Gill (n)* Congestion (n) Hyperplasia (n) Parasites;(n) Clubbing (n)
Seined (27) ( 3) (19) ( 8) (9
Impinged (31) (9 (22) (14) ( 5)
Total (68) - (12) (41) - (22) (14)

n = number of fish showing designated histopathology in each study
group.

Although gill pathology occurred in 46.9% of the fish examined, none
of the observed damage contributed greatly to the pathological index
assigned to each animal. On the average, considering all types of
histopathology, gill abnormalities contributed only 1.3 units to the
pathological index for each fish which displayed gill pathology.

Hyperplasia was the most common form of tissue abnormality found in
the gill. This condition was observed in 28.37%7 of the fish examined, and
was most evident in the interlamellar areas. Epithelial cell proliferation
at these points, including mucous cells, substantially added to the thick-
ness of the gill filament and tended to occlude the interlamellar spaces.
No significant differences were observed between seined and impinged fish
with respect to the incidence or severity of hyperplasia. As with most

.of the histopathology observed in this survey, hyperpla31a does not result

from any one specific pathological stimulus.
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Gill parasites were observed in 15.27% of the fish examined.
Encysted spores (Microsporidia) were found within the tips of the
filaments and mature parasites (monogenetic trematodes) were seen in
the interlamellar area of the gill. It should be noted that the
incidence of gill parasite infestations reported in this survey would
undoubtedly be low, since our screening procedure involved the
examination of only small representative areas of gill tissue from each
specimen. In addition, mature parasites would be easily lost from the
interlamellar area during the collection and processing of tissues.
Impinged fish showed a higher incidence of gill parasites but as
mentioned previously such differences may not be significant because
of the limitations in our screening procedure.

Gill clubbing was observed in only 10% of the fish (See Slide # 1 ).
This condition appeared to be the result of excessive proliferation'of
cells (hyperplasia) within the interlamellar area. Although lamellar
supporting tissue and vascular elements were always discernible, severe
clubbing resulted in complete loss of interlamellar spaces. This
‘condition is known to occur in response to a wide variety of environmental
irritants.

Vascular congestion (hyperemia) was observed in 8% of the fish
examined and generally occurred in conjunction with the previously noted
: histopathology.

In appendix C several slides (numbers 1 through 4) illustrate
examples of common pathologies observed.

Slide 1. Gill filaments (H & E stained, magnified 50X) Note
hyperplasia (increase in interlamellar cells; partial clubbing of gill
marked by epithelial separation

Slide 2. High power view (400X) of two lamellae showing separation
of epithelial cell elements suggestive of gas accumulation

Slide ;. High power (PAS, 250X) showing trematode embedded among
lamellae. Lamellae illustrate more extensive epithelial separation
which has been described by some workers as typifying gas bubble disease

Black and white polaroid pictures of a gill lamellae with gas
bubble type pathology and degenerating epithelial cells is shown in
' figure 1 (magnified 1000X) and a large lamellar cyst photographed u51ng
Nomarski interference optics in figure 2 (magnified 1000X).

Gas Bubble'Anqusis

Apparent gas accumulation was observed in the gill lamellae of
26% of the fish examined. (See Table IV, Appendix C). The incidence of
gas bubbles was substantially higher in impinged fish (44. 94) than in the

*A11 slides and photos referenced in this report are included in documentation
package for 1974 Impingement Study.
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seined group (9.2%). This condition was morphologically distinct and
easily identified by separation of the respiratory epithelium from the
supporting and vascular components of the gill lamellae. The severity
of the condition varied not only with the number of lamellae involved
but also with the extent to which the respiratory epithelium was
separated: However, no specimens were inéluded in our count unless
numerous lamellae on several filaments were affected and unless the
epithelium was separated along most of the length of involved lamellae.

The presence of gas bubbles in the roof of the mouth was extremely
difficult to verify because of the natural tendency for separation of
- epithelium from underlying connective tissue during dissection and
processing. Only isolated, well defined epithelial separations were
considered to be due to gas accumulation within the tissue. Using these
criteria, only 9.0% of the fish displayed gas bubbles in the buccal roof.
There was no marked hydropic.degeneration in surface epithelial cells
in any of the specimens examined.

Epithelial separations and accumulation of gas within the gill
lamellae and buccal roof are considered to be good diagnostic
characteristics of '"'gas bubble" disease. Less specific histopathology
such as renal tubular necrosis, edema and abnormal architecture in
both spleen and liver have also been associated with this disease. While
all of these histopathological changes have been noted in this group of
specimens, it is dangerous to assume that they are necessarily related and
therefore symptomatic of ''gas bubble' disease.

‘Our major reservations in making any positive diagnosis focus on
the following points:

-a large percentage (66%) of the fish which displayed gas bubbles
in the gill did not display the buccal roof lesions

-no attempt was made to correlate less specific histopathology
with gas bubble symptoms '

-no gross lesions of the disease such as exophthalmos or gas
_ bubbles in the skin were observed

Slide no 5 in Appendix C (PAS stain, 50X) shows typical separation
of surface stratified epithelium (which contains 6 dark staining
goblet cells) from the underlying connective tissue of the submucosa.
Refer to slides numbers 2 and 3 for gill changes typically occurring
in gas bubble disease.

Spleen
% Vascular - ]
Spleen (n) Necrosis (n) Congestion (n) Amyloidosis (n) Deposits (n)
Seined (48) (45) (2) (2) ' (26)
Impinged (27) (17 - (3) O (32)
~ Total (75) ‘ (62) (9) (5 (58)

* .
(n) = number of fish showing designated histopathology for each
study group
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' Spleen histopathology was observed in 51.7% of the animals
analyzed. Seined fish showed a higher incidence (63.2%) of spleen
pathology than impinged fish (39.17%). Spleen pathology contributed on

the average, considering all forms of hlstopathology, 1.6 units to the
3881gned pathological index of each animal.

Necrosis was the most prevalent form of regressive change observed
in the spleen (42:8%). Although multiple necrosis involving large areas
of the spleen were observed in a few animals; most necrotic areas were
microscopic in size (focal necrosis) and confined to the pulp area of
the organ. In addition to the usual degenerative changes within the
cells, these necrotic areas for the most part were readily identified
by their PAS-positive reaction and their increased eosinophilia. Seined
fish showed a much higher incidence of necrosis (59.27%) than impinged
fish (24.6%). However, in a number of the specimens from both groups
the degree of necrosis as well as the absence of any inflammatory
response suggests that the hecrpsis occurred after the death of the

animals.

Since necrosis may be caused by almost any type of severe injury
(i.e., physical agents, chemical agents, bacterial toxins or interruptions
in circulation) no definitive statement can be made with respect to
possible etiology.

Abnormal pigmentation within the spleen was another common form of
hlstopathology observed in this current group of specimens. Approximately
407 of the animals examined showed abnormally large amounts of pigmentation.
However, there was only a slight difference between seined fish (34.2%)
and impinged fish (46.3%) with respect to this parameter. All pigments
observed were tentatively identified as hemoglobin-derived pigments.

The most frequent form of pigment deposition was brown, PAS-negative,
intracellular and extracellular, and most abundant in the area of red
pulp sinusoids and surrounding vessels within the trabeculae. We suggest
that these deposits may be hematoidin (bilirubin) or other bile pigments.
Such pigments are often found where good oxygen supply is lacking, i.e.,
where blood is undergoing breakdown in dead or dying tissues.

The other major possibility which fits this set of characteristics
is the so called acid hematin or formalin pigmentation. This substance
is not a normal breakdown product of hemoglobin but occurs most frequently
as a fixation artifact due to improper buffering of the formalin fixative.
However, it has also been associated with such pathological situations
as intravascular hemolysis and hemoglobinemia.

Spleen tissue from a few animals in both seined and impinged groups
displayed intracellular, brown deposits which gave a PAS-positive
reaction. These deposits were found within the phagocytic cells of
the pulp and sinuses, and were tentatively identified as hemosiderin. This
pigment is usually found within the phagocytic reticuloendothelial cells
whenever there is an excessive breakdown of blood, i.e. hemorrhage,
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hemolytic anemias and passive congestions of organs in which stagnation

of blood occurs in the capillaries.

It should be re-emphasized that our identification of these spleen
deposits is only tentative and that further chemical analyses would be
required to make a positive identification of these substances. For
example, both hematin and hematoidin can be distinguished from hemo-
siderin by the prussian blue test. Hematin can be further distinguished
by the benzidine test as well as its acid solubility.

Less frequent forms of histopathology observed in spleen tissue
include congestion (6.2%) and amyloidosis (3.4%). Invariably, these
conditions appeared to be part of a more general pathological picture.
For example vascular congestion (hyperemia) was generally accompanied
by various amounts of pigmentation and when amyloidosis was observed in
the spleen it was also present in other organs such as liver and kidneys.

Vascular congestion observed in the spleen was most frequently
characterized by dilation and engorgement of veins and sinusoids. There
was always a marked increase in the number and variety of pulp cells,
particularly leukocytes, and various amounts of cellular necrosis
within the follicles and pulp. While hyperemia may be caused by a
variety of pathologic stimuli, the changes described above are more
typical of the splenic response to systemic infections or portal congestion.

‘Amyloidosis in the spleen was characterized by the deposition of
relatively small amounts of amyloid found beneath the endothelium of
arterioles and sinusoids. The amyloid was easily identified by its red,
homogeneous appearance when stained with hematoxylin and eosin. Congo
red was also employed as a confirmatory stain for amyloid.

Amyloid deposits are hyaline-like, -apparently protein in nature and

 are transported to the site of deposition by the circulatory system. While

amyloidosis has been characterized as a degenerative change, its
pathological significance is not completely understood. It is thought
to result primarily from long-continued, infective, tissue destructive
processes.

Slides 6, 7, 8, 9, 10, 11 (Appendix C) show various types of spleen
pathology.

Slide 6. Spleen (Papanicolaou stain, 50X) Massive degeneration
of red and white pulp, i.e. extensive necrosis

Slide 7. Spleen (H & E . stain, 50X) illustrates the focal necrosis.
Necrotic areas occur throughout splenic tissue (and are PAS-positive when
stained with Schiff reagent)

Slide 8. Spleen (PAS stain, 50X) shows a different type of deposit
which is PAS-negative. These often occur in necrotic areas
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Slide 9. Spleen (Papanicolaou stain, 250X) Shows amyloid
deposits in splenic parenchyma. Amyloid appears red to orange

Slide 10. Spleen (Papanicolaou stain, 50X) Vascular congestion;
note markedly dilated blood vessel in center and dilated or engorged
pulp sinusoids throughout the section

Slide 11. Spleen (PAS stain, 50X) shows parasitic cyst. Focal
necrosis can be evidenced in surrounding splenic tissue

Figure 3 shows a photomicrograph of a clump of inclusion bodies
in spleen tissue (Nomarski interference). These proved to be PAS-
negative. Tentatively these were identified as hemoglobin derived
(hematoidin).

% Cytoplasmié
Liver (n) Necrosis (n) Bizarre Cells (n) Vacuolization (n) Deposits (n)
Seined (55) (7N (23) | (31) ( 8)
Impinged (56) (12) (30) (15) (21)
Total (111) (19) (53) (46) (29)

(n) = number of fish showing designated histopathology in each category

Approximately seventy-seven percent (76.6%) of the fish showed some
form of liver abnormality. In this group of fish, liver histopathology
contributed, on the average, 1.5 units to the assigned pathological index
for each animal which displayed liver damage. Although there were substantial
differences between seined and impinged fish'with respect to specific types
"of histopathology, there was no difference in the overall incidence of
liver histopathology between the two groups.

The most prevalent form of liver histopathology was marked by the
presence of hepatic cells with abnormally large nuclei. These cells were
observed in 36.6% of the animals examined, and were found more frequently
in impinged fish (43.5%) than in seined fish (30.3%). These cells
were characterized by extremely large nuclei with prominent, hypertrophied,
dark staining nucleoli. Condensed chromatin in many of these nuclei
was dispersed along the inner surface of the nuclear membrane (margination)
and around the nucleolus thus giving the appearance of a polyploid cell.
Such cells are typically found in regenerating liver tissue following
injury. Bizarre cells, having a similar appearance have been associated
with viral infections and neoplasms. Light microscopy and H & E
staining are simply not adequate to fully characterize these cells.

This group of specimens also displayed a relétiﬁely high-incidencé
(31.7%) of cytoplasmic vacuolization. This condition was observed most
often in seined fish (40.8%).
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In general, the vacuoles were characterized by having ragged,
indistinct borders and tended to impart an open meshwork appearance to
the tissue. Nuclei in these cells remained prominent and did not
appear to be displaced as in fatty degeneration. Hematoxylin and
eosin staining displayed the dintracytoplasmic vacuoles as poorly
defined, clear areas. The degree of vacuolization was evident from the
general appearance of the cytoplasm, and ranged from a typical foamy
appearance (numerous small vacuoles) to cells in which the cytoplasm
was completely lacking. Although cytoplasmic degeneration does
occur as a result of pathogenic stimuli, particularly metabolic
disorders, it is also clearly part of the sequence of events which
follows cell death. 1In a considerable number of the specimens the
marked cytoplasmic vacuolization and disintegration, involving v1rtua11y
the entire organ, suggests cell death prior to fixation.

Abnormal cellular deposits occurred in 20.0% of the specimens.
These deposits were more frequently observed in impinged fish (30.4%)
than in seined fish (10.5%). With few exceptions these deposits appeared
as very dense, PAS-positive (magenta) droplets of various sizes. The
droplets were located both intracellularly and extracellularly and
predominantly within the more central regions of the tissue. Duplicate
sections of liver tissue gave negative reactions to colloidal iron, alcian
blue and sudan staining. On the basis of the staining response, the
droplets can be broadly categorized (glycogen, neutral mucopolysaccharide,
mucoprotein), however further histochemical analyses would be required to
make a positive identification. Of course, it is impossible to assess
the pathological significance of these deposits until they can be
positively identified.

Hepatic cell necrosis was found in 13.1% of the fish analyzed. This
condition was more prevalent in the impinged group of fish (17.4%) than
in seined fish (9.2%). It should be emphasized that the term necrosis as
used in this context refers in all cases to cells displaying nuclear
degeneration. This is in contrast to the cytoplasmic breakdown described
previously in which nuclear degeneration was not evident.

Focal necrosis in the liver bore no relationship to any particular
part of the lobule. The necrotic areas were small and contained hepatic
cells in various stages of degeneration. The inflammatory response was
weak with leukocytic infiltration generally limited to the periportal
areas. Necrotic cells were readily identified by their darkly staining,
pyknotic nuclei and acidophilic cytoplasm. A few hepatic cells appear to
have undergone hyaline degeneration with the formation of councilman
bodies. Swollen Kupffer cells and histocytes were also prominent in
necrotic foci. This type of necrosis can occur in a variety of severe
infections as well as ischemia and toxic injury.

In summary, much of the liver tissue analyzed was characterized by

-atypical architecture. For example, a normal lobular pattern was

frequently absent. Hepatic cells in such tissue were not arranged in
regular cords and while sinusoids could be discerned, they lacked the
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typical fadiating pattern. There were also relatively few central
veins and periportal regions.

Abnormal architecture is frequently seen in regenerating liver
tissue in .which the reticulum of thé,organ‘has been disrupted. However,
regeneration is generally confined to small areas of the organ and is
marked by mitotic activity. In contrast, our examination revealed
massive areas of the liver show1ng abnormal architecture and without
evidence of mitosis.

It should be pointed out that a significant number of fish in both
the impinged (44.6%) and seined (36.4%) groups showed combinations of
the more frequently observed forms of histopathology (bizarre cells,
cytoplasmic vacuolization, PAS-positive droplets and necrosis). Other
less frequent forms of pathology included: congestion (4.8%), cloudy
swelling (2.8%) and edema (6.9%). Although we suspect that much of the
observed liver histopathology is interrelated, we lack sufficient
confirmation to make any definitive diagnosis.

Slides 12, 13, 14 and 15 depict examples of different forms of
cytopathology in liver tissue.

Slide 12. (Papanicolaou stain, 400X) Liver parenchymal cords
of cells. Individual nuclei exhibit very prominent nucleoli resembling
"inclusion bodies" frequently associated with virus infections.
Cytoplasm exhibits very slight vacuolization. Cords of cells are less
organized than in normal liver, i.e. integrity of microarchitecture is
disrupted

Slide 13. (H & E, 250X) Extensive vacuolization and atrophy of
liver parenchymal cells. Nuclei irregular, often pycnotic. Such
cytopathology can stem from toxic infections but can also result from
autolysis during postmortem degeneration

Slide 14. (PAS stain, AOOX) Nuclei of liver cells very difficult
to see in view of extensive deposits of PAS-positive droplets and
tentatively identified as polysaccharide in nature

Slide 15. (Papanicolaou stain, 50X) Extensive amyloidosis.
. Complete loss of cord arrangement of hepatocytes which are in degenerative
state '

Figures 4 and 5 are photomicrographs of liver pathology.

A "bizarre" cell with extremely large nucleus (center of field)
is shown in figure 4. Surrounding this are parenchymal cells all
exh1b1t1ng various degrees of degeneration, i.e. cloudy swelling of
cytoplasm and smaller, irregularly shaped nuclei.

JFigure 5 depicts a more advanced degenerative state of hepatic
tissue. Cells are shrunken, cytoplasm vacuolated and nuclei pycnotic.
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Kidney
% Cloudy
Kidney (n) Edema Swelling (n) Amyloidosis (n) Casts (n) Necrosis (n)
Seined (41) (23) (16) ( 8) (25) (13)
Impinged (45)  ( 9) (28) (12) (34) (2)
Total (86) (32) (44) (20) (59) (15)

(n) = number of fish showing designated histopathology in each
study group

Kidney histopathology was observed in 59,37% of the specimens
examined. In this group of fish, kidney pathology contributed, on the -
average, 2.2 units to the assigned pathological index for each animal
which showed kidney damage. Also, there was a substantial difference
in the overall incidence of histopathology between seined (53.9%) and
impinged (65.2%) fish. However, this difference would not take into
account specific types of abnormalities o&”the relative severity of any
of these conditions. '

Tubular casts were the most common form of renal disturbance (46.7%).
.These casts ranged from deeply staining, hyaline type to casts of granular
and/or cellular nature. Although specific types of casts are frequently
associated with well defined renal disorders, they are usually not, by
themselves, considered adequate diagnostic criteria. Tubular casts,
however, can someimes be analyzed and directly related to some causative
factor. For example, eosinophilic colloid casts were generally observed
in severe amyloidosis of the kidney while cellular casts were nearly
always the result of desquamation of tubular eplthellum associated with
necrotic tubules. Casts consisting of cellular debris, desquamated
cells and inflammatory cells were also observed and were undoubtedly a
sequel to the 1nflammatory process.

Cloudy swelling of tubular epithelium was frequently observed during
the course of our analysis (30.3%). The incidence of cloudy swelling was
considerably higher in impinged fish (40.6%) as compared to seined specimens
(21.1%). This condition (cloudy swelling) is one of the most frequently
observed and perhaps mildest form of degenerative change. Microscopically
the epithelial lining cells appeared swollen with cloudy or granular
cytoplasm. The nuclei of these cells were sometimes obscure but did not
appear to be displaced or damaged. Cloudy swelling is a nonspecific
degenerative change which may result from a variety of injurious
conditions such as acute infections, poisons and anoxemia. It should be
emphasized that early autolytic changes simulate the anatomic appearance
of cloudy swelling.

- Marked interstitial edema was found in 22.1% of the fish, with the
highest incidence occurring in the seined group (30.3%). This condition
" was characterized by excessive separation of renal tubules. The
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intertubular area contained relatively few formed elements (i.e.,
fibroblasts, fibers or vascular elements) and appeared for the most
part as open space. Where the edematous condition existed along with
tubular necrosis, inflammatory cells were also present in large numbers.
In this latter situation, the edema was undoubtedly part of the
inflammatory process.

Amyloid dep051t10n appeared in the kidneys of 13.8% of the anlmals
examined. Marked amyloid infiltration of glomeruli was the most
pronounced feature of this condition, and ranged from minor involvement

" of a few capillary tufts (nodules) to complete obliteration of the

glomerulus. With H & E staining, glomeruli appeared to be filled with
"soft" eosinophilic material and displayed virtually no nuclei.
Occasionally, small arteries and arterioles were thickened as a result
of amyloid infiltration. Renal tubules contained various amounts of
amyloid depending upon the severity of the condition but no cases were
observed in which amyloid deposits were found within the interstitial
tissue. The glomerular capsule and intracapsular area appeared normal,

-and there was no apparent reduction in the number of tubules.

Amyloiddsis observed in the fish kidney is most likely the so-called
secondary form which occurs as a sequel to various disease processes. '

Tubular necrosis was seen in a small number of specimens (10.3%).
Among the most readily indentifiable features of this condition were the
dilated, irregularly shaped tubules. These tubules were lined with very
low epithelium which showed increased basophilia and deep. staining oval
nuclei. Mitotic figures were also observed in the tubular lining cells,
giving the general appearance of regeneration. Amorphous, eosinophilic .
material as well as desquamated cells were frequently found within the
tubular lumen. Death and desquamation of tubular epithelium is typically
associated with many renal disorders, including acute tubular necrosis,
pyelonephritis, amyloidosis, and toxic nephrosis.. It is also typically
found as a result of post-mortem degeneration of kidney tissue.

As expected, a large percentage (ca. 40%) of the fish examined
displayed combinations of the more general forms of histopathology
described in this section. It is likely that these conditions are
interrelated and are, as such part of a pathological syndrome.
Unfortunately, because of the limitations inherent in histopathologic
analyses and more specifically the approach employed in this study, we
are unable to specify the origin of most of the observed pathology.
Accordingly, we have observed such conditions as amyloidosis, tubular
necrosis and a variety of cellular changes which apparently stem from
severe infections and/or exposure to toxic substance. However, we cannot
be certain of the precise etiology of any of these conditions. - Moreover,
we cannot adequately assess the influence of autolytic tissue damage.

Slides 16 through 20 and three photomicrographs (figures 6, 7 and 8)
illustrate various types of kidney pathology..

Slide 16. (H & E stain, 250X) This shows extensive degenerative
changes in tubules (central region of slide) and some amyloidosis
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of a glomerulus. Marked separation of glomerular and tubalar elements
from surrounding connective tissue (evidenced by spaces between
structures) suggest an edematous state. One ‘large swollen tubule

has a clump of cellular debris (cellular ' cast")

Slides 17 & 18. (H & E stain, 400X and 250X) Slightly higher
magnification of renal tubule showing cast in lumen; also desquamation
of pycnotic epithelial cells lining the lumen. Tubular cells exhibit
normal vesicular nuclei with cloudy cytoplasm

Figure 6 (1000X) exhibits a similar type of tubular necrosis with
desquamated cells in the lumen and low cuboidal epithelial cells lining
the lumen of the tubule .

Slide 19." (Papanicolaou stain, 50X) Illustrates eosinophilic
amyloidosis of glomerular units :

Slide 20. (Papanicolaou stain, 400X) Section through tubules
showing cloudy swelling and separation of tubules from surrounding
connective tissue

Figures 7 & 8. Show same cells viewed by Normarski interference
(figure 7) and ordinary light microscopy (figure 8) of an H & E stained
kidney section (1600X)

Central proximal tubule exhibits cloudy swelling of cytoplasm
although nuclei appear normal. Other tubules in section contain
disrupted epithelial cell linings with degenerating cells (pycnotlc
nuclei).
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HISTOPATHOLOGY

APPENDIX E

Table E-1

Fixing Procedure, Autotechnicon Ultra, 4-hr Schedule*

Duration

Process (inin)
95% alcohol 10
95% alcohol 10
95% alcohol 10
A‘bsolute alcohol 20
Absolute alcohol 20
Absolute alcohol 20
Clearing agent¥* 10
Clearing agent 15
Clearing agent 25
Paraffin (56-58°C M. P.) 20
Paraffin 40

*All specimens processed according to thickness
of tissue. In this study, tissue specimens were
cut at 4-mm thickness and processed on corres-
ponding 4-hr schedule, beginning with step 2.

**Technicon U. C. 670, xylene or amyl acetate.

E-13
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Table E-2

Procedure 1, Hematoxylin and Eosin¥*

Duration

Process {min) . Comments
Xylene ‘3
Xylene 3 To remove paraffin

100% alcohol 2

~ 100% alcohol 2

95% alcohol 2 Hydration
70% alcohol 2 '
Water 3
Hematoxylin 0.5 Check after 0.5 min; if too light;
{(aqueous solution) stain for additional 0.5-1 min
Running water 3-5
Ammonia water 3 Use 1 drop NH4Oh in tap water
Running water 3-5
Eosin in 70% alcohol 1 As counterstain
70% alcohol 1 or2 dipsT
95% alcohol 1 or2 dips*

100% alcohol 3 Dehydration

100% alcohol 3
Xylene 3
Xvylene 3 or more
Permount, - Keep sections wet with xylene
cover slip while putting on Permount; tissue

' must not dry
CAUTION
Tissue must never be allowed to
dry during staining procedure.
*Results |
Nuclei and other basophilic components - dark blue
Cytoplasm and other acidophilic components - pink
These steps control intensity of counterstain (eosin) and must be rinsed
very quickly or too much eosin is lost.
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Table E-3
Procedure 2, Periodic Acid-Schiff Reaction, Aquéous Method

Duration
Process (min)

Xylene 5
Xylene , 2
Absolute ethanol 2
Absolute ethanol 2
95% ethalon 2
70% ethanol 1
Distilled water : Rinse
Periodic acid (aqueous) 5
Running tap water 5
Schiff reagent 10
0.5% sodium metabisulfite 2

. 0. 5% sodium metabi.sul.fite 2
0.5% sodium metabisulfite 2
Running tap water 5
Harris hematoxylin 0.5
Running tap water 5
Scott's solution 3
Distilled water Rinse
70% ethanol : Rinse
95% ethanol Rinse
Absolute ethanol ‘ Rinse
Xylene 2 .
Xylene 2
Permount
Total time ~1 hr
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Table E-4

Data Forming Bases for Pathological Indices

Gill . Spleen Liver Kidney
Cysts, .
Congestion Mucous Cells |- Cysts, Cysts, Fecal Patho-
Fisgh Weight | Length | Interlamellar Proliferation Fecal Fecal Necrosis | logical
No. {g) {mm) Debris’ Hyperplasia | Parasites 100 /mm?2 Clubbing | Neécrosis | Necrosis | Edema Index
FR 134.1 212 - ot - - - + +++ - 5(6)
FR2 72.4 163 - - - - - ++ ++ + 5
FR3 51.4 140 - - - - - - +4 R 3
FR4 96.2 176 - - - - ’ - + ++ 4+ 6
FR5 29.5 127 - + + + - - gns - 5
FRé6 60.3 152 - - - - - + + + 3
FR7 76.9 162 - + - - + + +++ + 7
FR8 71.6 157 - - - - - - + $H 4
¥R 27.6 125 - - - - - - + _ 1
FR10 45.4 140 - - - - - - ++ + 3
FR11 134.3 195 - - - - - + 4 S+ 5
FRI12 69.9 162 - + - - - + + + 4
FR13 27.9 125 - - - - - - + 4 3
FR14 27.3 126 - - + - - - + ++ 4
FR15 37.4 130 - - - - : - - + - 1
FR16 26,5 120 - - - - - + + . 2
FR17 104.0 185 - - - - - - + +4 3
FR18 44.4 142 - - - - + + ++ _ 4
FR19 50.0 148 - - - - + - - 4 3
FR20 54.0 146 - - - - - + + + 3
FR21 52.7 155 - + - + - + 3
FR22 79.2 172 - + - + + + + N 5
FR23 67.1 160 + - - - - + + - 3
FR24 34.5 135 . - - - - - Lo+ + _ 2
FR25 42.4 136 - - - - - + + - 2
FR26 54.8 148 - + - - - - - - 1
FR27 51.2 152 - - - - - + + + 3
FR28 49.4 150 - - - - - + - 44 4
FR29 48.9 136 - - - - - + + ey 5
FR30 49.7 146 - - - - . b + N 4
FR31 49.0 146 - - - - - - - - 0
FR32 30.8 131 - - - - - + - +++ 4 )
FR33 53.5 151 - +. - - + 4 - - 5(6)
FR34 68.0 157 - + + - - + + - 4
FR35 41.7 140 - + - - + + + - + 5
FR36 69.4 165 - - - - - + + - 2
FR81 9.1 90 - - - - - +4+ + ++ 6
FR83 9.5 85 - - - - - - + ++ 3
FR84 5.2 75 - - - - - +4+ + puey 7°8)
FR85 7.2 83 - - - - - +++ - ++4+ 6
FR86 5.0 74 - - - - - 4+ + _ 4
FR87 6.8 82 - - - - - +++ + ++ 6
FR90 6.3 82 + - + - . - ++t + +++ 9
FR9! 3.8 69 - - - - - ++ - ++4 5
FR92 4.7 73 - - - - - . + e+ "
FR93 5.5 75 - - - - - - + - 1
FR94 8.5 88 - + - - - - + [es 5(7)
FR95 9.0 86 - - - - - - 4+ - 1
FR97 6.3 80 - - - - - - - - 0
FR98 5.7 77 - - - E - - 4+ + - 4
FR99 5.2 75 - - - - - R - - 0
FR100 4.5 75 -0 - - - : - . - - - 0
FR101 9.2 88 - + - - - + ++ + 5
FR102 6.4 8 - - - - - - - . ++ 3
FR103 7.0 81 - - - - . + - i 1
FR104 8.8 86 - - - R R . 4+ _ 4
FR105 10.3 92 - + - - + - - - 2
FR106 9.3 90 - + - - - ++4 - _ 4
FR107 7.4 85 - - - - - 4t + . 4
FR108 5.4 78 + ¢ - + B - +++ + - 6
FR109 4.6 74 - - - - - ++4 - 4+ 6
FR110 11.4 97 - - + - - 4+ n 4 8
FRI111 5.8 81 - + - - - - - - 1
FR112 8.0 86 - + + - + - + ++ 6
FR113 8.1 89 - - - - - - ++ ++ 4
FR114 7.9 86 - - - - - - - - 0
FR115 10.2 92 - - + - - . - ++ 3
FR116 8.0 85 - + - . - - + ++ ++ 6
BR37 90.6 165 - . - - - - + ++ - 3(5)
BR38 66.2 148 - + - - - ++ + + 5{7)
BR39 98.3 176 - - - - - + ++ +- 4(5)
BR40 60.7 160 - - - - - ++ e e 8
BRI117 4.4 65 - - - R + ¥ + N 3
BR118 6.0 76 - - - - - + + + 3
BR119 8.8 81 - - - - - - - - o
BR120 6.5 7% B + - - - + et ++ 7

formalin preservation,
Bovin's solution preservation,
= river collection.

EX +5 = impingement collection,

0w
(L1}

services group
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Table E-4_ (Contd)

Gill . . Spleen Liver Kidney
. Cysts,
Congestion . Mucous Cells Cysts, Cysts, Fecal Patho-

Fish . Weight } Length | Interlamellar . . | Proliferation Fecal Fecal Necrosis | logical
No. ~ (g) - (mm) Debris Hyperplasia | Parasites lOO/mm2 Clubbing | Necrosis | Necrosis Edema Index
FS41 69.4 160 - ) + - - - + - ++ 5(7
FS42 51.1 150 - - - - - + - - 12y
FS543 23.1 112 - - - - - + - - 1(3)
FS44 28.3 122 - - - - . - + R 13)
FS545 110.4 191 - - - - - + + +H+ 5
FS46 82.6 162 - - - - - + + ¥ 3
FS547 37.5 126 + + - - - + + 4+ 9
FS48 23.4 119 - + + - - - + ++ 5(6)
FS50 31.7 | 126 - + - - - + - - . 2(3)
FS51 59.3 150 - - - - - - +H+ +++ 6(7)
FS52 30.1 130 - - - - - + - + 2
FS53 31.6 122 - - - - - ++4 +++ 4+ 9(10)
FS54 38.8 128 - - - - - - 4+ 4
FS55 41.2 125 + - + - - - + L 7(8)
F¥S59 . 30.4 120 - - - - - + +++ - 4(5)
FS60 8.5 105 - - - - - - oes - 3
FEX62 22.8 116 - - - - - - - ++ 2
FEX64 53.0 152 + + - - - - ++ + 5
FEX66 97.4 184 - - - - - + + +++ 5
FEX67 22.9 116 - - + - - + +++ +++ 8
FEX68 15.3 98 + + + - - - + + 5
FEX69 30.7 125 - + + - - + + +++ 7
FEX70 25.0 125 + + - - + + +++ ++ 9
FEX71 60.8 156 - - - - - - B 0.
FEXT72 50.8 146 - - - - - ++ + 44 6
FEX73 28.9 134 - + + - + +++ + - 7
FEX74 22.6 120 - - - - - - - ++ 2
FEX75 22.2 120 - + + - - + +++ +++ 9(10)}
FEX76 14.0 100 - - - - - 4+ ++ .5
FEX121 8.5 85 - + - - - - + ++ 4(5)
FEX122 10.1 90 - - - - - - ++ ++ 4(5)
FEX123 10.5 90 - + - - - - + +++ 5(6)
FEX124 7.8 82 - - - - - + ++ ++ 5

- FEX125 4.9 70 - - - - - R 4+ 44 5
FEX126 5.3 73 - + + - - - ++ - 4(5)
FEX127 " 5.3 72 - + - - . - + + 4(5)
FEX129 6.3 75 - - - - - - + - 1(2)
FEX130 4.5 67 - - + - - - + - 2
FEX132 9.1 78 - - - R - - + . 2
FEX133 6.0 3 - - - - - - - - o)
FEX134 6.9 78 - - + - - - - + 2
FEX135 5.9 5 - - - -- - - + - 12)
FEX136 6.9 78 - - - Co- - - ++ - 2
FEX137 7.7 75 - - - - - - ++ +++ 5
FEX138 12.1 85 - - - - . - ++ + 3(5)
FEX139 8.1 81 - - - - - + ++ - 3
FEX140 ‘7.4 73 - - - + - ++4 + - 5
FEX141 10.7 91 - - - - - . + R 2
FEX142 9.1 83 - - - - - + ++ 3(4)
FEX143 11.3 84 - - + - - +++ +Ht ++ 9
FEX144 6.4 75 - - - - - + - +++ 4(5)
FEX146 5.0 72 - - - - - . T + 5
FEX147 3.8 65 - - - - - + 4+ 4
FEX148 10.0 86 - + - - - - + -+ 4(5)
FEX149 7.0 76 - - + - - E ++ - 3(4)
FEX150 7.1 77 - - - - - - + ++ 3
FEX151 10.4 88 + + - - - ++ - 4(6)
FEX152 6.1 68 - - - - - - - - 0.
FEX153 8.0 82 . - - - - - + - 1
FEX154 10.6 87 + - - - - - ++ . 3(4)
FEX155 8.7 85 - + - + + - + + 5
FEX156 3.0 59 - - - - - - - ++ 2
BEX78 77.0 163 + + - + - - + - 4
BEX79 30.0 120 - - - - - + e 4 7
BEX80 72.3 170 + - - . + + ++ 5
BEX157 7.0 81 + + + - + - + Fren 8(10)
BEX158 7.0 76 - + - - + + + ++ 6(8)
BEX159 4.2 68 - + - - - + + ++ 5(7)
BEX160 11.3 88 - + - + - + ++ +++ 8(10)
F = formalin preservation,
B = Bovin's solution preservation.
‘R = river collection.
EX +S = impingement collection,

services group
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Table E-5

Gas Bubble Analysis

Gill Buccal Roof
) Epithelial

Fish Weight Length Epithelial Separation,
No. (g)- - {mm) Separation Vesicles:
FR 134.1 212 + -
FR2 72.4 163 - -
FR3 51.4 140 - -
FR4 96.2 176 - -
FR5 29,5 127 - -
FR6 60.3 152 - -
FR7 76.9 162 - -
FRS 71.6 157 - -
FR9 27.6 125 - -
FR10 45.4 140 - -
FR11 134.3 195 - -
FR12 69.9 162 - -
FR13 27.9 125 - -
FR14 27.3 126 - -
FR15 37.4 130 - -
FR16 26.5 120 - -
FR17 104.0 185 - -
FR18 44.4 142 - -
FR19 50.0 148 - -
FR20 54.0 146 - -
FR21 52.7 155 - -
FR22 79.2 172 - -
FR23 67.1 160 - -
FR24 34.5 135 - -
FR25 42.4 136 - -
FR26 54.8 148 - -
FR27 51.2 152 - -
FR28 49.4 150 - -
FR29 48.9 136 - -
FR30 49.7 146 - -
FR31 49.0 146 - -
FR32 30.8 131 - -
FR33 53.5 151 + -
FR34 68.0 157 - -
FR35 41.7 140 - -
FR36 69.4 165 - -
FR81 9.1 90 - -
FR83 9.5 85 - -
FRB84 5.2 75 + -
FR85 7.2 83 - -
FR86 5.0 74 - -
FR87 6.8 82 - -
FR90 6.3 82 - -
FRO91 3.8 69 - -
FR92 4.7 73 - -
FR93 5.5 75 - -
FR94 8.5 88 +
FR95 9.0 86 - -

services group



‘Table E-5 (Contd)

Gill - Buccal Roof

. . v Epithelial
Fish Weight Length Epithelial Separation,
No. (gf (mm) Separation Vesicles
FR97 6.3 80 - -
FR98 5.7 77 - -
FR99 5.2 75 - -
FR100 4.5 75 - -
FR101 9.2 88 - -
FR102 6.4 78 - -
FR103 7.0 81 - -
FR104 8.8 86 - -
"FR105 10.3. 92 - -
FR106 9.3 90 - -
FR107 7.4 85 - -
FR108 5.4 78 - -
FR109 4.6 74 - -
FR110 11.4 97 - -
FR111 5.8 81 - -
FR112 8.0 86 - -
FR113 8.1 89 - -
FR114 7.9 86 - -
FR115 10.2 92 - -
FR116 8.0 85 - -
BR37 90.6 165 + +
BR38 66.2 148 + +
BR39 98.3 176 + -
BR40 60.7 160 - -
BR117 4.4 65 - -
BR118 6.0 76 - -
BR119 8.8 81 - -
BR120 6.5 78 - -
FS41 69.4 160 + +
FS42 51.1 150 + -
FS43 23.1 112 + +
FS44 28.3 122 + +
FS45 110.4 191 - -
FS46 82.6 162 - -
FsS47 37.5 126 + +
FS48 23.4 119 + -
FS50 31.7 126 + -
FS51 59.3 150 + -
FS52 30.1 130 - -
FS53 31.6 122 + -
FS54 38.8 128 - -
FS55 41.2 125 + -
FS59 30.4 120 + -
FS60 8.5 105 - -
FEX62 22.8 116 - -
FEX64 53.0 152 - -
FEX66 97.4 184 - -
FEX67 22.9 116 - -

E-19
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Table E-5 (Contd)

Gill o Buccal Roof

. ‘ Epithelial
Fish Weight Length Epithelial . Separation,
No. (g) (mm) - Separation Vesicles
FEX58 15.3 98 - -
FEX69 30.7 125 - -
FEX70 25.0 125 - ' -
FEX71 60.8 156 - -
FEX72 50.8 146 - ' -
FEX73 28.9 134 - -
FEX74 22.6 120 - -
FEXT75 22.2 120 + -
FEX76 14.0 100 - -
FEX121 8.5 85 + -
FEX122 10.1 90 + -
FEX123 10.5 90 + -
FEX124 7.8 82 - -
FEX125 4.9 70 - -
FEX126 5.3 73 + -
FEX127 5.3 72 + -
FEX129 6.3 75 + -
FEX130 4.5 67 - -
FEX132 9.1 18 - -
FEX133 6.0 73 + -
FEX134 6.9 78 - -
FEX135 5.9 75 + -
FEX136 6.9 78 - -
FEX137 7.7 75 - -
FEX138 12,1 85 + C+
FEX139 8.1 81 - -
FEX140 7.4 73 - -
FEX141 10. 7 91 - -
FEX142 9.1 83 + -
FEX143 11.3 84 - -
FEX144 6.4 75 + . -
FEX146 5.0 72 : - -
FEX147 - 3.8 65 . | - -
FEX148 10.0 86 + -
FEX149 7.0 76 + -
FEX150 7.1 77 - -
FEX151 10. 4 88 +
FEX152 6.1 68 - -
FEX153 8.0 82 - -
FEX154 10.6 87 + -
FEX155 8.7 85 - -
FEX156 3.0 59 ‘ - -
BEX78 77.0 163 - -
BEX79 _ 30.0 " 120 - -
BEX80 72.3 170 - -
BEX157 . 7.0 81 + +
BEX158 7.0 76 + +
BEX159 4.2 68 + +
BEX160 11.3 88 + +

services group



Table E-6
Pathological Index*

0 1-3 4-6 7-9
No Slight Moderate Severe
Damage Damage Damage Damage
Weight Length n (%) n (%) n (%) n (%)
N (g) (mm) '
Total fish 145 30.3 111.6 9(6.2) 52(35.9) 66(45.5) . 18(12.4)
Impinged 69 24.4 104 3(4. 3) 24(34.8) 30(43.5) 12(17.4)
FS 16
FEX 46
BEX 7
Seined 76 35.7 118 6(7.9) 28(36.8) | 36(47.4) 6(7.9)
FR 68 '
BR 8
*Pathological index does not include gas-bubble analysis of gill or buccal roof. N = number
of fish collected for tissue processing; n=number showing designated severity of
pathology; (%)=percentage of fish collected in designated groups in each pathology
index category.  Average weight of fish collected was recorded in grams (g); average
length was recorded in millimeters - (mm). See Table D-4 for summary of raw data
forming basis for designated pathological indices represented in columns 2, 3, and 4.

services group



Table E-T

Gas Bubble Analysis

Weight Length Gill " Buccal Roof
N - (g) (mm) n (%) n (%)
Total fish 145 - 30.3 111.6 38(26.2) 13(9.0)
Impinged 69 24.4 104 31(44.9) 10(14. 5)
~ FS 16
FEX 46
BEX 7
Seined 76 35.7 118 7(9.2) 3(3.9)
FR 68
BR 8

*¥*N=number of fish collected for tissue processing; n=number of
specimens showing gas-bubble pathology for designated tissue
and group; (%)=percentage of fish showing gas-bubble pathology
for designated tissue and group.

tion of fish numbers and groups.

Average weight of fish collected
was recorded in grams (g); average length was recorded in milli-
meters (mm). See Table D-5 for summary of raw data and explana-

services group
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Table E-8

Mean Pathological Indices (x PI) By Weight Categories

Weight Category (g)
Weight Length 1-5 5.1-10 ‘ 10.1-20 20.1-50- 50,17
N (g) (mm). (X PI) n(%) (X PI) n(%) (x PI) n{%) (% PI) n(%) (xPD) | n(%) (X PD
Seined 76 35.7 118 (4) 6(7.9) (3) 27(35.5) (4) 3(3.9) (4) 17(22.4) (3) 23(30. 3) (4)
Impinged 69 24.4 - 104 (4) 6(8.7) (4) 24(34.8) (3) 10(14.5) (5) 18(26.1) (5) 11(15.9) (4)
Total 145 30.3 112 (4) 12(8.3) (3) 51(35.2) (3) 13(9.0) (5) 35(24.1) (4) 34(23.4) (4)

*N = number of fish collected for tissue processing; n = number in each designated weight category; (%) = percentage of fish showing

designated mean pathological index (X PI) for each weight category. Average weight of fish collected was recorded in grams (g);
average length was recorded in millimeters (mm).

pathological indices.

See Table D-4 for summary of raw data forming basis for designated
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APPENDIX F

COMMON EFFLUENT
WATER CHEMISTRY DATA
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Data Summary for Unit 1 Intake Water Chemistry Taken for

Table F-1

Dissolved Gas Saturation Study

: N2 . N2
Date Temp DO N2 (m4) Ny (%) Corrected] S+B
" (1974) |Depthx| (°C) (ppm) | O2 (%) | Rep 1l Rep 2 Repl Rep?2 X (%) 2
Jul 24+| S 24,5 6.8 80.0 3,3 3.3 57.0 57.0 76.0 79.9
B 25.1 6.5 79.0 3.7 3.6 64.7 63.0 63.8 82.8 )
sur2s | s | 24.2 7.8 93.3 4.2 4.0 72.4  69.0 | 70.7 | 89.7 92.9
B 24.5 7.5 90.1 4.5 4.4 77.9  76.2 77.1 96.1° :
Aug 24| s 26.0° 5.8 71.8 4.0 71.0 71.0 90.0 86. 6
B 25.0 6.4 77.6 3.7 3.9 64.6  68.1 66.3 83.3 ’
Aug 23| s 27.5 5.5 70.0 4.5 4.6 81.9 83.7 82.8 101.8 Lo, &
B 27.5 5.6 71.2 4.7 5.0 85.5 91.0 88.2 107.2 :
Sep 27 S 20.5 7.0 77.9 4.9 4.7 79.2  75.9 77.5 96.5 91.7
B 20.0 8.2 90. 4 4,1 4.4 65.6 70.4 68.0 87.0 )
Sep 30t| S 21.0 8.2 92.1 6.5 5.2 105.9 84.7 95. 3 114.3
112.3
B 20.5 6.2 69.0 5.7 5.6 92.1 90.5 91.3 | 110.3
Oct 28 S 13. 4 9.3 89.2 | 5.9 6.0 83.2 84.6 83.9 102.9  [y4, 4
B 13.4 8.8 84, 4 5.9 6.0 83.2 84.6 83.9 102.9 )
Oct 30+] s 14.7 8.8 86.9 5.6 5.8 81.1 84.0 82.5 101.5 1018
B 14,7 9.9 97.7 5.6 .5.9 8l.1 85.4 83.2 102.2 .
Nov 27H s 7.8 10.5 88. 3 7.0 7.0 87.5 87.5 87.5 106.5 103. 2
B 7.0 7.6 62.7 6.4 6.8 78.6 83.5 81.0 100.0 )
Dec 2 S 7.1 11.2 92.6 8.2 8.2 100.9 100.9 |[100.9 119.9 117
B 7.3 11.4 94, 8 7.6 7.9 93.9 97.7 95.8 114, 8 :

*S = surface; B = bottom.

TDays on which air curtain was operated.

dnoib saoiaseS




dnoab so21A48S

Table F-2

Data S‘ur_flma‘”ry'fovr Common Effluent Water Chemistry Taken for
"Dissolved Gas Saturation Study

NZ NZ

Date | Temp DO N2 (md) N2 (%) _ |Corrected] S+B
(1974) |Depth” (°Cc) AT (°C) | (ppm) O2 (%) |[Repl Rep 2 |Repl Rep 2 x (%) 2

su1 24| s 30.5 6.0 7.3 97.7 | 3.7 3.5 70.5 66.7 | 68.6 87.6 90. 7
. B 30,9 5.8 8.6 | 115.9 ] 4.1 3.7 78.6 71,0 | 74.8 93,8 .

Tul 25 S 32,2 8.0 7.9 | 109.3 ] 4.0 4.0 78.3  78.1 | 78.2 97.2 95. 8
B 33.0 8.5 8.1 | 118.8 | 3.7 3.9 73.3  71. 75.3 94.3 :

Aug 21%| s 33,0 7.0 7.1 99.7 | 4.3 4.4 85.2 87.2 | 86.2| 105.2 103.4
B 34,0 9.0 7.6 109,0 | 4.1 82.6 82.6 | 101.6 :

Aug 231 s 39.5 12,0 5.9 95.3 ] 4.9 5,3 108.8 117.7 |113.2} 132.2 131. 9
B 40,2 .7 6.4 74.4 | 4.9 5.1 110.2 114.7 {112.4{ 131.4 :

sep 27| s 28.0 7.5 7.0 89.7 | 4.2 4.8 77.1 88,1 | 8a. 101.6 lol. 3
B 28.0 8.2 8.3 | 106.8| 4.4 4,5 g1.0 82.8 | 81.9| 100.9 :

sep 30T| s 22.3 1.3 8.6 99.2 | 4.2 5.6 70.1  93.4 | 81.7| 100.7 98. 1
B 22.0 1.5 9.0 | 103.11} 4.5 4.7 74.7 78.0 | 76.3| .95.3 :

Oct 28 S 21.8 8.4 8.4 95.9 | 5.4 5,4 89.3 89.3 | 89.3| 108.3 109. 9
B 20.8 7.4 8.6 96.3] 5.5 5.9 89,3 95.8 | 92.8 | 111.5 :
Oct 30| s 24.9 .2 8.6 | 104.1] 5.5 5.5 95.9 95.9 | 95.9} 114.9 116

B 25.2 .5 9.4 114,91 5.7 5.7 99.9 99.9 | 99.9| 118.9 -9

Nov 277 s 9.0 | 11.2 7.8 84.2] 5.8 6.1 91.2  95.9 | 93.5| 112.5 L
B .5 9.5 6.8 69.7] 6.2 6.0 93.0 90.0| 91.5{ 110.5 .

Dec 2 S 19.8 12.7 1.3 | 123.9} 7.9 8.2 126.0 130.8 | 128.4] 147.4 143. 1
B 17.4 10.6 11.2 | 117.0] 7.4 8.3 112.9 126.6 | 119.7| 138.7 .

*S = surface; B = bottom.
tDays on which air curtain was operated.
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Table G-1

Weekly Summary of Gill Parasite (Lironica ovalis) Infestation
of Bluefish from Beach Seine and Impingement Samples

Beach Seine

Impingement
Week No.| No. Caught No. Infested % Infested | No. Caught No. Infested %Infest'ed
0 - - - 3 2 66,67
1 15 0 0.00 4 1 25,00
2 8 4 50. 00 1 0 0.00
3 17 10 58, 82 10 5 50,00
4 21 8 38,10 9 8 88. 89
5 22 8 36. 36 5 5 100.00
6 6 4 66. 67 46 38 82. 61
7 15 6 40.00 6 2 33,33
8 1 1 100. 00 6 4 66.67
9 4 2 50. 00 0 0 0.00
10 - 8 6 75. 00 2 2 100. 00
11 5 4 80. 00 1 0 0.00
12 9 7 77.78 1 1 100. 00
13 3 2 66. 67 0 0 0. 00
14 0 0 0.00 1 0 0.00
15 1 0 0.00 2 2 100. 00
16 0 0 0. 00 0 0 0.00
17 0 0 0. 00 0 0 0. 00
Total 135 62 45,93 97 70 72,17
G-1 services group
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Table G-2

Weekly Summary of Gill Parasite (Lironica- ovalis) Infestation
of Striped Bass from Beach Seine and Impingement Samples -

Impingement

Beach Seine
Week No.| No. Caught No. Infested % Infested | No. Caught No. Infested % Infested

0 - - - 0 0 0.00

1 5 1 20.00 '5 1 20.00

2 1 0 0.00 3 0 0.00 .

3 3 0 0.00 11 1 9.09

4 6 1 16.67 8 1 12,50

5 22 2 9.09 - - -

6 9 1 11.11 - - -

7 26 1 3.85 - - -

- 8 8 0 0.00 - - -

9 9 0 0.00 19 1 5.26
10 9 2 22,22 15 1 6.67
11 12 0 0.00 7 0 0.00
12 16 6 37.50 18 - 0 0.00
13 12 1 8.33 21 0 0.00
14 2 0 0.00 14 0 0.00
15 6 0 0.00 16 2 12.50
16 7 0 0.00 6 0 0,00
17 14 0 0.00 20 0 - 0.00

Total 167 15 - 7.35 163 7. 4,30

services group
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Table G-3

Weekly Summary of Gill Parasite (Lironica ovalis) Infestation
of White Perch from Beach Seine and Impingement Samples

Impingement Beach Seine
Week No.| No. Caught No. Infested % Infested | No. Caught No. Infested % Infested
0 - - - 0 0 - 0.00
1 12 0 0. 00 8 0 0.00
2 18 0 0.00 21 0 0.00
3 10 0 0. 00 1 0 0.00
4. 7 0 0. 00 5 0 0.00
5 11 3 27.27 20 0 0.00
6 8 4 50, 00 35 1 2,86
7 28 0 0.00 11 0 10.00
8 18 0 0. 00 8 0 0.00
9 24 3 12,50 18 0 0.00
10 34 4 11,76 0 0.00
11 38 10 26.32 4 0 0.00
12 49 8 16.33 0 0.00
13 67 11 16,42 28 0 0.00
14 28 0 0.00 3 0 0.00
15 60 3 5.00 22 0 0.00
16 67 0 0.00 . 0 0 0.00
17 183 0 0. 00 37 0 0.00
Total 662 46 6. 95 232 Y 0.43

services group
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APPENDIX H
“VERTICAL GILL NET DATA
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Table H-1
Weekly Means of Fish Numbers Collected in Gill Nets

Mean Number per Hour o Mean Percentage
Striped White All Species Striped White All Species
Week Depth Bass Perch | Tomcod Hogchoker Combined Bass Perch | Tomcod | Hogchoker Combined

25 1 0.435 0 0 0 0. 435 62.50 0 0 0 33,33
2 0.174 0.217 0.043 0 0.522 25,00 83,33 100. 00 0 40.00

3 0.087 0 0 0 0.217 12,50 0 0 0 16.67

4 0 0.043 0 0 0.130 0 16,67 0 0 10. 00

26 1 0.320 0.071 0 0 0.413 30.20 16,13 0 -0 23.77
’ 2 0.626 0.121 0 0 0.904 59. 06 27.42 0 0 52.05
3 0.071 0.135 0 0 0.228 6.71 30.65 0 0 13.11

4 0.043 0.114 0 0 0.192 4.03 25.81 0 0 11,07

27 1 0.285 0.012 0 0 0.360 34.75 8.33 0 (] 31.79
2 0.424 0.047 0 0 0.517 51.77 33.33 0 0 45, 64

3 0.110 0.064 0 0 0.221 13.48 45,83 ] 0 19. 49

4 0 0,017 0 0 0.035 0 12.50 0 0 3,08

28 1 0. 006 0 0 0 0.006 3.33 0 0 0 1.85
2 0.078 0.042 0.006 0 0.133 43.33 35.00 | 100.00 0 40. 74

3 0.054 0.030 0 0 0.090 30.00 25.00 0 0 27.178

4 0.042 0.048 [ 0 0.096 23.33 40, 00 0 0 29.63

29 1 0,040 0.020 0 0 0.185 10,71 14,29 0 0 . 19,44
2 0.159 0.013 0 0 0.344 42,86 9.52 0 0 36.11

3 0.073 0. 060 0 0 0.205 19. 64 42,86 0 0 21.53

4 0. 099 0.046 0 0 0.219 26.79 33.33 0 0 22,92

30 1 0,035 0,021 0 0 0. 056 20.83 42.86 0 0 . 16,00
2 0.049 0 0.007 0 0.092 29.17 0 100. 060 0 . 26,00

3 0.063 0.007 0 Q. 0.120 37.50 14,29 0 0 34.00

4 0.021 0. 021 0 0 0. 085 12,50 42.86 0 0 24,00

31 1 0.032 0 0 0 0.063 6.90 ] 0 0 4,30
2 0.261 0.008 Q 0 0,648 56.90 3.23 0 0 44,09

3 0.126 0.055 0 0 0,403 27.59 22,58 0 0 27,42

4 0.040 0.182 0 0 0.356 8.62 74.19 0 0 24.19

32 1 0.336 0.010 0 0 0. 839 43.24 20.00 0 0 41.88
2 0,273 0.010 0 0 0,734 35.14 20.00 0 ] 36.65

3 0.094 0 0 0 0,241 12,16 0 0 ¢ 12,04

4 0.073 0. 031 0 0 0.189 9. 46 60. 00 0 0 9. 42

33 1 0.167 0 0 0 0.297 25,69 | 0 0 0 19,76
2 0.274 0. 006 0 0 0.725 42.20 9.09 0 0 48.22

.3 0.155 0.024 0 0 0.357 23.85 36.36 0 0 23.72

4 0.054 0.036 0 0 0.125 8.26 54,55 0 0 8.30

34 1| o.066 0.006 0 0 0.305 11,58 5.23 0 0 16,09
2 0.216 0 0 0 0.701 37.89 0 0 0 36.91

3 0,228 0.036 0 0 0.689 40. 00 31.58 0 0 36.28

) 0.060 0.072 0 0 0.204 10.53 [ 63.16 0 0 10,73

35 1 0.042 0 0 0 0.102 14.29 0 4] 0 6.63
2 0.170 0 0 0 0.892 57.14 0 0 0 58. 01

3 0.076 0.008 0 0 0.365 25,71 16,67 0 0 23.76

4 0.008 0. 042 0 0.017 0.178 2.86 83.33 0 100. 00 11,60

36 1 0.036 0. 004 0 0 0.170 17.24 2,38 0 0 17.03
2 0.127 0.011 0 0 0. 546 60. 34 7.14 0 0 54,71

3 0,029 0.033 [ [ 0.108 13.79 21.43 0 0 10.87

4 0.018 0.105 0 0.004 0.174 8.62 69.05 0 100, 00 17,39
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Table H-1 (Contd)

Mean Number per Hour Mean Percentage
Striped{ White All Species Striped | White All Species
Week Depth Bass Perch | Tomcod Hogchoker Combined Bass Perch | Tomcod | Hogchoker Combined
37 1 0. 022 0 0 0 0.094 11.43 0 0. 0 : 11,89
2 0.110 0.039 -0 0 0.292 57.14 12,73 0 0 37.06
3 0.044 0.105 0 0 0.209 22.86 34.55 0 0 26.57
4 0.017 0.160 0 0 0.193 8.57 52,73 0 4} 24,48
38 1 0.029 0.017 0 0 0,203 26,32 6.12 0 0 27.34
.2 0.070 0.064 0 0 0.278 63.16 22,45 0 0 37.50
3 0.012 0.110 0 0 0.157 10,53 38.78 0 o 21.09
4 0 0.093 0 0 0.104 0 32,65 0 0 14,06
39 1 0 0 0 0 0.029 0 0 &} 0 9.52
2 0.029 0. 021 0 0 0.079 66,67 11,11 0 0 26,19
3 0. 007 0.086 0 0 0.093 16.67 44,44 0 4} 30.95
4 0. 007 0.086 0 0 0.100 16,67 44,44 0 0 33,33
40 1 0.006 0.006 0 0 0.018. 33.33 4.76 0 0 6.98
2 0. 006 0 0 0 0.094 33.33 0 0 0 37.21
3 0.006 0.035 0 0 0.053 33,33 28.57 0 0 20.93
4 0 0.083 0 0 0.088 0 66.67 0 0 34.88
41 1 0 0 0 0 0 0 0 0 0 (U
2 0.005 0.010 0 0.005 0.026 50,00 3.85 0 100. 00 8.62
3 0. 005 0.150 0 0 0.160 50,00 55,77 [ 0 53,45
4 0 0.108 0 0 0.113 0 40. 38 0 0 37.93
42 1 0.016 0 0 0 0.024 40, 00 0 0 0 23,08
2 0. 008 0 0 0 0.008 20,00 0 0 0 7.69
3 0.016 0.024 0 0 0. 040 40. 00 42,86 0 0 38,46
4 0 0.032 0 0 0.032 0 57.14 0 0 30,77
43 1 0 o 0 0 0 0 0 4} 0 0
2 0.043 0 0 0 0, 086 100. 00 0 0 0 100. 00
3 0 0 4} 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0 0
44 1 0 0 o} 0 0 0 0 0 [} 0
2 0.077 0 0 0 0. 089 72.22 0 0 0 62,50
3 0.024 0.018 0 0 0. 041 22,22 75.00 0 0 29.17
4 0.006 0. 006 0 0 0.012 5.56 25,00 0 0 8.33
45 1 0.021 4} 0 0 0. 021 15,38 0 0 0 9.52
2 0.083 0.010 0 0 0.104 61,54 16.67 0 0 47,62°
3 0.010 0. 021 0 4} 0.042 7.69 33.33 0 0 19.05
4 0,021 0.031 0 0 0.052 15,38 50.00 0 0 23.81
46 1 0. 007 0 0 ) 0.014 9.09 0 0 o 4.35
2 0.034 0 0 0 0.041 45,45 0 0 0 13.04
3 0.034 0.090 0 0 0.138 45, 45 43,33 0 0 43,48
4 0 0.117 0 0 0.124 0 56,67 0 0 39.13
47 1 0 0 0 0 0 0 0 0 o 0
2 0 0. 0 0 0.074 0 0 0 0 41,67
3 0 0.015 0.015 [} 0.045 0 20.00 } 100,00 0 25,00
4 0 0.059 0 0 0.059 0 80, 00 0 0 33,33
48 1 0 0 0 0 0 0 0 0 0 0
2 0 0. 0 0 0. 021 4} 0 [} 0 33,33
3 0 0 0 0 0 0 0 0 0 o
4 0 0.043 0 0 0.043 0 100,0 0 0 66,67
49 1 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0
3 0 0 0,045 0 0. 045 0 0 20. 00 0 10. 00
4 0 0.227 0.182 0 0. 409 0 1oo.00 | 80.00 0 90. 00
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APPENDIX 1

SONAR EQUIPMENT DESIGN AND WIRING

In Table H-1 are the co_ntrolied functions and their status during
a Comblete éystem cycle. Initially, the system is in a "standb;r” phase with
only filament power applied. Upon receipt of the initiating pulse from the
main control timer, the 0- to 6-sec system timer 5S turns "on' and applies
power to the recofder paper-drive motor and the stylus belt-drive motor.
This gives the stylus plenty of time to reach full operating speed and advances
the paper a slight amount to put a black separator between consecutive records.
After 5 sec of operation in this mode, timer 5S resets and, in the process,
sends a pulse to the 0~ to 5-min timer 5M which then holds the paper and belt
motors on, applies B+ to the transceiver, ahd closes the connection between

the stylus and the ''mark' signal input.

In the schematic of the recorder, Figure H-1, the additional |
wiring is indicated (heavy lines); it is seen that the relay system merely acts
in parallel with the recorder function switch SW9 (which must be in the OFF
position during automatic operation of the system). The paper-drive motor
is activated by application of power from the arm of switch SW10. The stylus
motor is turned on by simply returning its low side to ground. The B+ is con-
trolled by a set of contacts in the power transformer ground return, which
closes upon activation of the 5M timer. Figures H-2 and H-3 show the relay
system wiring, and Figure H-4 shows the actual hardwiring to the recorder.
The internal wiring was redesigned to utilize the Crarner‘TM timer (5S and

5M) in this application. The final wiring diagrams appear in Figure H-5.
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Table I-1

Timing System Control Function Sequence for Unattended

Interval Recording of Sonar Transducer Signals

- Record
Function Standby Warm Up* On (II)**
Filaments On On On
B+ Off Off On
""Mark signal' Off ‘ Off On

~ Belt drive Off On On
Paper drive , Off On On

* 0-5 sec times; warm-up, paper advance

#% 0-5 min times; recording

I-2
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PANEL PAPER PULSE EVENT FINE-LINE RANGE SWITCHES RECEIVER PAPER
LIGHT MARK LONG  SHORT MARK SENSITIVITY 1 - A SENSITIVITY SPEED
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Figure I-1. Sonar Recorder Wiring Schematic. (Heavy lines were acceés&rjr
wiring required to integrate interval recording sequence)
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Figure I-2. Blueprint of Timing Control Relay System Handwiring Hookup

for Unattended Recording of Sonar Transducer Input
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RECORDER - PAPER-DRIVE MOTOR (RBA GREEN)

RECORDER - PAPER-SPEED SWITCH (RBB GREENl)

TRANSCEIVER - GROUND (-BLACK)

RECORDER - BELT-DRIVER MOTOR (RBA BLACK)
RECORDER - MARK INPUT (RBA RED)

TRANSCEIVER - TRANSFORMER B+ RETURN (BLACK)

RECORDER - AC POWER 8 ON S2-P2 (YELLOW)

RECORDER - AC POWER 7 ON S2-P2 (YELLOW)

Figure I-3. Relay Control System Wiring for Unattended Recording of Sonar

Transducer Input
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Figure I-4. Recorder Power Switch (Rear View) Wired for Interval
Recording of Sonar Transducer Input
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5 SECOND WARMUP
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PIN NO. 9 1 4 5 2 3 8 6 7

R T
EXTERNAL CONN. AC, AC', AC, . K25 5M 3

5 MINUTE RECORD

r—"" 77 1__“—r_——_1

|
L r—
MOT SOL ‘

[oJe) o) ]: ‘ ]> o)
PIN NO. 9 1 X 4 5 3 X 6 7
X L, X
ooy Y t
EXTERNAL CONN. STANDBY K37 AC, | 558 AC,

LAMP

Figure I-5. CramerTM Timer Wiring after Redesign for Interval Recording
of Sonar Transducer Input
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