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lntroduction

This report documents the effe-ts of the February 15-16, 199] shutdown of
the Oyster Creek Nuclear Generating Station on the fished in Oyster Creek,
based upon sampling conducted by GPU Nu.iear Corporation. The major objectives
of the sampling program were:

1) To determine the species composition, relstive abundance and

distribution of fishes in Oyster Creek prior to Station shutdown.

2) To quantify the extent of any shutdown-induced mortalities,

Data collection began on February 2 and continued through February 17,
1991. Oyster Creek Nuclear Generating Station (OCNGS), which had operated
continuously since July 4, 1990, began the shutdown process at noon on February
15, 1991, By approximately 0845 hours on February 16, the discharge canal
temperature had been reduced from a pre-ghutdown temperature of 62°F to ambient

temperature of 39°F.

Pre-ghutdown Surveys

Gill net and bottom trawl samples were collected, at the stations
indicated in Figure 1, on February 2-3, 5-6, 9~10, and 13-14, 1991. &il
sanpling wae conducted after dark,

Bottom trawl samples were collected at five locations in the discharge
canal east of the Route 9 bridge, including the length of two of the
residential lagoone. Trawling was done with o 4.8 m semiballoon trawl with
a 3.9 om stretch mesh body, a 3.2 om stretch mesh cod end and a 1.3 om
stretch mesh liner., One five minute trawl sample was taken at stations T1,
T4 and 75 during each sampling period. At stations T2 and T3, the trawl

was dragged the length of the residential lagocns (Fig., 1).



At gill net stations Gl, G2, G3 and G4 (Fig., 1), samples were
collected with a 60 x 2.4 m monofilament net consisting of two 30 m paneles
of 3.9 and 8.5 om stretch mesh,

All fish captured were jdentified and enumerated; the length range of
specimens of each fish species was determined.

Surface and bottom temperature and salinity measurements were measured
with a Beckman salinometer concurrent with each trawl and gill net sample.

Hook and line sampling was the most successful method of capturing the
most abundant species, the bluefieh, as well as certain other species
resident near the condenser discharge prior to shutdown., Hook and line
sampling was aleso used to identify the speciee of fish observed schooling

near the 30" discharge pipe prior to the shutdown.

Ruring and Post-Shutdown Surveys

Post~Shutdown Trawling =

One five=minute bottom trawl was conducted with the trawl described
above at trawl stations T1, T2, T3, T4 and TS between 1050 and 1230 hours
on February 16 and again on February 17 from 1100 1o 1230 hours.
Additionally, ten-minute bottom trawl samples were conducted between 092§
and 1015 houre on February 17 at trawl stations Té, T7 and T8, which were
located in Barnegat Bay immediately east, south and north of the mouth of
Oyster Creek, respectively. All fish captured were identified and
enumerated; length ranges were obtained.
Dipnetting -

Dead and stressed figh were collected with dipnets along the banks of
the diecharge canal, from the condenser discharge to the mouth of Oyster
Creek. All fish were identified to species and enumerated; length ranges

were obtained.
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A "hardhat" diver survey was conducted following station shutdown to
; determine the species composition and abundance of fish which sank to the
bottom «f the diecharge canal after death. A total of 19 transects were
conducted between the OCNGS discharges and the mouth of Oyster Creek,
including two transects within residential lagoens (Fige. 2 and 3).
Transects D7 through D19 were sampled between 0830 and 1600 hourse on
February 16, Transects D1 through D6 were sampled between 0B00 and 1208
houre on February 17, All fish within an arm's length of the diver were
identifled and enumerated. For the only species found in abundance,
bluefish, the number of individuals per sguare foot along each transect was
determined. Theso densities were used to estimate the number of bluefish
on the entire cenal bottom from the OCNGS discharges to the mouth of Oyster
Creek.
depuite and Diecussion
fre-Shutdown Trawling and Gill Netiing

The initial survey of the fish fauna of Oyster Creek on February 2-3
yielded a total of 1,537 fish comprieing 20 species. The species of
interest with respect to a4 possible fishkill based upon previous cold-shock
experience ‘ncluded bluefish, “tlantic menhaden, white perch, black sea
base and Atlantic herring. Their abundance and size range as well as that
of other species captured at the various statione are indicated in Tables 1
and 2.

Water temperature in the discharge canal during the February 2-3
sampling event ranged from 44.9 to §0,2*F (7.2-10.1°C), while salinities

withir the canal ranged from 21.0 to 21.9 ppt. (Table 2).
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13-14 sampling period ranged from 47 to 49°F (8.1-9.2°C), while salinities
ranged from 21.5 to 22.1 ppt.

Based upon the results of these pre-~shutdown sampling «fforts, our
observations of fish in the discharge canal, and our historical data base
on fisankills, it was concluded that there wer? three fish species at risk
of cold~shock that werna present in relatively large numbsrs: 1) several
hundred bluefish., 2) several “undred to a few thousand striped bass, and 3)
a few thousand Atlantic menhaden.

Ruring end Post-{utdown Surveye

Station shutdown commenced at approximately 1200 houre on February 15, 1991
when ambient water temperature (condenser intake) was approximately &41°F,
Condenser discharge temperature at that time wae approximately 62°F and the
Route 9 bridge temperature, 52°Ff. In order to minimize the impact of station
shutdown on the fiehes in the discharge canal, GPUN developed a pover reduction
plan which controlled the effluent temperature reduction at the main condenser
discharge at a rate of approximately 1°F per hour. This rate of temperature
change is epproximately one fifth the rate which is typically utilized to
acclimate fieh to laboratory conditions and represents a power reduction
scenario lasting approximately twice as long as normal station shutdown, The
plan alec called for shutting the dilution pumps off early in the shutdown
process in order to further minimize the rate of temperature decay in the
discharge canal. The relatively siow and uniform reduction in power brought
OCNGS condenser discharge temperature down to ambient levels over a period of
approximately 20 hours. MAs a result of the two operating dilution pumpe being
taken out of service seguentially at 1149 and 1417 hours, the canal

temperature, as measured at the Route 9 bridge, increased stepwise twice



between 1200 and 1790 hours and then slow'v decreased (Fig. 4)., Water
temperature in tho condenser discharge area, unaffected by dilution pump
activity, continued to decline duri 1 that meriod, At approximately 0900 hours
on February 16, the entire discharge canal had reached ambient temperature of
about 39°F,

During the early hours of the shutdown process on the afterncon of February
15, hook and line sawpling indicated that bluefish were sti 1 t.ghtly
concentrated in the eastern condenser discharge bay, swimming close to the
bottom. AS the shutdown process progressed through the late afterncon and
evening hours of February 15, there was no visible evidence of stressed fish in
the condenser discharge or anywhere else in the discharge canal.,

Large numbere of bluefish were cbserved swimming closer to the surface of
the eastern-most condenser diecharge bay during the early morning hcurs of
February 16. A total of 93 bluefish were collected from this area between 2200
to 0500 houre by dipnet or hook and line. By 0500 hours, the condenser
discharge temperature had decreased to 43°F and the apparently etressed
bluefish began to disperne and move away from the eastern portion of the
condenser discharge. The bluefish continuad moving further westward and
downstream, with many being observed at (530 hours near the eastern side of the
peninsula between the condenser and dilution discharge structures,

Betwe.n 0630 and 0800 hours, water temperatures were observed to be
approximately 1.5°F higher near the dilution discharge structure than at the
condenser discharge and the bluefish appeared to have been attracted by thie
pocket of warmer water. These fish were severel, stressed and 2100 were
dipnetted from this area during this 1.5 hour period.

Furiher downstream, several local fishermen dipnetted a total of 47

bluefish from the discharge canal at the Route 9 bridge between 0630 and 1000



hours. GPUN workers in a emall boat dipnetted 52 bluefish between 063" and
0800 houre, plus an additional %1 bluefish betwasen 0800 and 1000 ° urs, from
the discharge canal west of Route 9. An additional 22 dead biuefish were
collected from the discharge canal banke and areas east of Route 9 between 0800
and 1700 hours.

Stressed and dead fish were also collected by GPUN personnel walking along
the bank: of Oyster Creek, out to Barnegat Bay, between 0800 and 1700 hours on
February 16. Three bluefish were collected from the 30" discharge pipe area
and the south bank of the discharge canal, and 10 were taken along the north
canal bank, An additional § bluefish were collected at the mouth of Oyster
Creek along the north shore beach. Four bluefish were also dipnetted by the
consultant conducting the trawl esurveys between Route 9 and the mouth of Oyster
Creek. Thue, it was apparent that the vast majori.y of the stressed and Ja2ad
fish were collected near the plant with gradually decreasing numbers cbserved
in areas further downstream. In addition to the bluefish, small numbers of
dead or stressed spot (20 individuale), speckled seatrout (11), smooth dogfish
(3), weakfish (1), northern kingfisk (1), and Atlantic¢ herring (1) were found
along the banks, primarily west of the Route 9 bridge,

The dead and stressed bluefish collected ranged from 250 to 875 mm (9.75 to
34.5 inches) in length.

Pogt-Shutdown Trawl S.rveys
Post~shutdown trawl surveys were conducted on February 16 and 17 at
the same five statiouns along the discharge canal at which pre-shutdown
trawls had been conducted. Three additional post-ghutdown trawle were also
collected FPebruary 17 in Barnegat Bay immediately outsicsz the mouth of

Oyster Creek (Figure 1). Only one additional stresesed bluefish was
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For the only species found in abundance, bluefish, the number of
individuale per squsive foot along each transect wae determined. These
densities were used to estimate the number of bluefish on the entire
discharge canal bottom from the OCNGS discharge structures to the mouth of
Oyster Creek. A total of 509 dead bluefish were calculated to have fallen
to the bottom of the discharge canal (Table 13).

During their diving activity on February 16, the divers observed fish
including striped bass swimming in the vicinity of the 30 inch diecharge
pipe, just downstream of the condenser discharge. These fish scattered as
the diver approached indicating that they were not adversely affected by
the station shutdown.

Sqneluaions

Pre-shutdown surveys of Orater Creek indicated the presence of a wide
variety of fish epecies including eix species that have been involved in past
shutdown~related fishkille (i.e., bluefish, blueback herting, Atlantic
menhaden, northern kingfish, white perch and bay anchovy). These surveys,
conducted over the two week period immediately prior to the station shutdown,
revealed that the number of species and abundance of moat species in the
discharge canal remained relatively uniform. Large numbers of bluefish, and
lesser numbers of speckled seatrout and striped bass were noted during thie
period near the station discharges. Further downstream in the discharge canal,
blueback herring was the specles found in the greatest abundance during
pre~shutdown surveyes.

The station shutdown seguence resulted in a gradual reduction of condenser
, discharge temperature at a rate of about 1°F per hour. This relatively slow

and uniform decrease in the temperatur: of the OCNGS heated effluent to which






Tsble 1. Numbers of fish caught in pre-outsge trawl samples in Oyster Creek on February 2, 1991; range of lengths in

millimeters in parentheses.

SPECIES

Tsutogs onitis

Atosa sestivalis
Alosa pseudoharengus
Apeltes guedracus
Anchos mitchilli
Etropus microstomus
Paraiichthys cdentatus
Conger oceanicus
Prionctus carolinus

Morone americana
Brevoortia tyrannus
Menidia menidis
Ophidion margirata
fundulus heteroclitus
Anguilla rostrata
Uroohycis regia
Syngnathus fuscus
Sphoeroides maculstus

STATION
11 12 13 T4
9 (79-228) 1 ey 1 (60) 7 (98-242)
1 (8% 3] 0 1S
&7 (75-9%) 1,047 (77-145) 133 (78-96) 2 (80-90)
0 3 (105-115) 2 (1051202 ]
& (46-5%) 5 (41-50) 6 (37-50: 2
1 (46) o 0 o
3 (47-110) 0 e 9
1 (145) 1 (2%%) e o
2 (260-370) 0 0 0
r 3] (4] 0
0 3 (M2-138) 2 (127-132) 0
L] 3 (80-12%) 33 (108-146) 0
e 1 (98) 7 (52-94) ¢
0 9 2 0
0 0 12y 8
0 e 1 (200 ]
2] 0 [ L)
0 g 1 (M9 0
o 2 0 1 (52

USRS - TS

56 (95-200)
]
e
0
0

o

9 (£3-182)
3 (200-220)
e

1 Q0%

N L

TP R o R - N



Table 2. Numbers of fish caucht in pre-outage gili net samples in Oyster Creek on February 2 and
February 6, 1991; range of lengths in =miliimeters in parentheses.

february 2, 1991
STATION
SPECIES &1 82 w3 Lo
Srevoortia tyrannus 229 (125-138) 26 (122-290) NET LOST ]
Pseudopleuronectes americanus 1 (95 2 AFTER 6
Aloss pseudcharengus 0 1 (146) LINE PARTED o
Clupesa harengus 0 e 1 (NOT MEASURED)
february 6, 1991
STATION
SPECIES &1 62 &3 2%
Srevoortia tyrannus 23 (118-170) 16 (123-292) i} 1 (158)
Alcsa aestivalis 1 (05 L] e g
Sorone americena 4 (128-142° e [ L]
Pomatomus saltatrix 2 (-} 12 (360-443) 1 420)



Table 3. Oyster Creek discharge canal surface and bottom temperature (°F) and salinity (parts per thousand) during
pre-shutdown and post-shutdown surveys, February 1991.

DATE
STATION FEB. 2-3 FEB. 5-6 FEB. 9-10 FEB. 13-14 FEB. 15 FEB. 17
TEMP. | SALINITY | TEMP. | SALINITY | TEMP. | SALINITY | TEMP. | SALINITY | TEMP. | SALINITY | TEMP. | SALINITY
(°f) (ppt) {°f) {ppt) {°f) (pot} (*f) {ppt) (°f) {ppt) (°f) 1ept)
T SURFACE || 48.8 21.4 49.6 22.7 51.8 22.2 48.2 21.3 8.8 22.1 34.3 20.5
BOTTOM 49.1 21.3 50.5 23.7 51.8 22.5 48.4 21.7 38.8 22.9 35.8 22.9
T2 SURFACE 47.1 21.1 50.4 22.2 50.7 22.1 46.6 21.7 41.9 23.6 35.1 26.9
BOTTOM 45.9 21.0 50.4 22.6 51.6 22.% 46.6 21.7 41.9 23.6 .3 22.7
T3 SURFACE 48.2 21.0 51.6 22.2 51.1 22.4 47.8 21.6 41.5 23.5 34.9 20.5
BOTTOM 438.4 21.0 51.4 22.4 51.4 22.7 47.8 22.0 41.9 23.3 37.8 22.0
T4 SURFACE 50.0 21.0 52.0 22.1 52.7 22.4 a8.4 21.9 37.0 23.5 3s.1 21.1
BOTTOM 49.5 2:.0 52.7 27.3 52.7 22.2 48.6 22.0 36.5 23.1 3¢.9 21.8
TS SURFACE 50.0 21.8 52.0 22.4 51.8 22.3 48.0 22.0 35.1 22.0 33.4 20.3
BOTTOM 50.2 21.9 52.0 22.5 52.0 22.2 38.0 2i.9 38.7 24.1 33.3 22.2
T6 SURFACE - - - - - - - - - - 32.4 22.9
BOTTOM - - - - - - - - - - 32.2 24.1
T7 SURFACE - - - - - - - ~ - - 33.4 23.5
BOTTOM - - - - - - - - - - 33.4 23.7
T8 SURFACE - - - - - B - - - - 32.7 23.1
BOTTOM B - - - - - - - - - 32.7 23.8
i
Gl SURFACE 49.3 21.0 51.4 22.2 51.6 22.3 48.8 21.7 - - - -
BOTTOM 28.9 20.9 51.4 22.3 51.6 22.2 48.3 22.2 - - - -
G2 SURFACE 49.6 21.3 51.8 22.2 51.8 22.1 48.4 22.0 - - - -
BOTTOM 43.8 3.3 51.4 22.2 52.2 22.2 48.4 22.1 - - - -
G3 SURFACE 59.2 - 63.9 23.1 €3.7 22.6 60.4 21.7 - - - =
BOTTOM - - 63.9 23.1 63.7 22.6 60.4 237 - - - -
G4 SURFACE 59.2 - 63.9 23.1 63.7 22.6 60.4 21.7 - - - -
BOTTOM - - 63.9 23.1 63.7 22.6 60.4 21.7 - - - -




Table 4. Numbers of fish caught in pre-outage trawl sampies in Oyster Creek on February 5, 1991; range of ‘engths in
millimeters in parentheses.

_SPECIES

Pseucopleuronectes americanus

Alosa sestivalis
Alosa pseudoharengus
Apeltes guadracus
Etropus microstomus
Paral ichthys gentatus
Morone americana
Brevoortia tyrannus
Ophidion marginsta
Urophyc.s regia
Syngnathus fuscus
Scephthalmus aquosus
Gobiosoms DosCt
Trinectes maculatus
Cpsanus tau
Symphurus plagiusa

STATION

11 12 13 14 13
7 (96-115) e ] 6 (112-121) 47 (101-200)
e 94 (72-103) 18 (76-86) 0 o
L 1 (116) ] 0 0
o 0 2 (41-44) 2 (52-67) o
1 (92> o 0 0 6 (46-1003
0 0 0 0 3 (125-215)
2 (140-158) 2 (115-119) 6 6 (122-180) 0
0 3 (105-118) ¢ 0 0
0 L¢] 1] ) 4 (185-210)
1 (95 0 n o 1 (152)
1 @) 0 0 9 0
1 (280) e 0 0 g
e I 1 (42) 0 o
0 0 e 1 (138) o
0 0 0 1 20 0
L) ] 0 g 1 ee)



Table 5. Number of fish caught by hook and line in the condenser discharge of the Oyster Creek Muclear Generating

Station on february 3, S, 7, 9 and 13, 1991; range of lengths in miilimeters in parentheses.

SPECIES

Pomat omss tatrix
Morone saxatilis
Morone americanus

Paralichthys dentatus

Menticirrhus saxatilis

Cynoscion nebul osus

_february 3 _Februsey S _February 7 _february 9 Februery 13
20 (35G-910) 23 (373-748) 18 (220-370) 5 (645-920) 15 (270-635)
0 3 (482-518) 28 (350-450) 39 (355-558) S (405-580)
] 0 2 (268-279) o 0
e o 9 (278-282) 0 L
G 11 1 (300 i 0
L] 0 L] 5 (480-525) 2 (525-530)



Table 6.

__SPECIES

Numbers of fish caught in pre-outage trawl samples in Oyster Creek on February 9, 1991; range of lengths in
millimeters in parentheses.

fseudopleuronectes americanus

Tautoga onitis
Alosa sestivalis
Alosa pseudoharengus
Apeltes guadracus
Erropus microstomus

Paraiichthys dentatus

Prionotus carotinus
Morone amer icana
Srevoortia tyrannus

Menidia menidia
Cphidion marginata
Urophycis regia
Syngrathus fuscus
Gobiosoma posct
Fundulus majalis
yrophycis chuss
Scopthalmus agquosus

STATION
11 12 13 T4 13

7 (95-125) 2 (11%6-12%) ] 35 (97-178) 34 (97-135)
o 0 0 1 0125 [

0 &37 (76-90) 156 (75-102) L] 0

2 192-102) 0 0 o 0

1 &) 10 (48-52) 13 (36-55) 3 (42-58) 1 (48)

0 8 0 ] 3 97- 1)
] ] o 1 (190) 0

1 () ] 0 0 0

3 (105-115) ] ] 2 (7135-161) 0

2 (42-305) ] 3 (83-122) ] 0

1 (M) & (T2-97) 7 (70-130) ] e

1 (159) 0 0 ] 1 (160

2 (82-13%) [ 0 2 (140 170) 3 (92-128)
0 ] ] 3 (138-169; 0

1 ¢(56) ] 1 (45) ] o

] ] 1 (140) ] 0

e o u i (161) ]

0 0 0 o T 220
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Table 8. Numbers of fish caught in pre-outage traw! samples in Dyster Creek on February 13, 1991; range of lengths in
millimeters in parentheses.

SPECIES

Pseudopleuronectes americams

Astroscopus guttatus
Alosa sapidissima
Aloss sestivalis
Apelres guadracus
£tropus microstomus
Paralichthys dentatus
Morone americana
8revoortia tyrannus
Ophidion marginata
Urophycis chuss
Syngnathus fuscus
Menidia beryllina

STATION

1 12 3 L
7 (63-283%) 1 (100) 0 3 (108-17%)
4] o 0 0
1 (195 a 0 [}
0 73 (T71-96) B84 (82-97) & (764-85)
0 2 (44-60) 1057 0
3 (76-102) 9 e 1]
] 0 0 4]
0 ;] o 1 (163)
2 0 2 (44-93) 0
0 2 (72-100) 10 81-112) 1 ¢(92)
<] ] 0 0
1 (19} L] i} <]
0 o L] o
0 2 L] 9
0 0 2 (52-63) 0

23

(82-299)
123

(42-100)
€195-230)

(155-230)

(129-138)
ars)

_‘a:-;‘d‘.:é‘-lu E;l‘na-.lﬁ

L e B
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Table . Numbers of fish caught in post-outage trawl samples in Oyster Creek on february 16, 1991; range of lengths in

millimeters in parentheses.

SPECIES

Pomatomus saltatrix
Pseudopleuronectes smericanus
Alosa asstivalic

Alcsa pseudohurengus

Apeltes guad =cus

Anchos mitchitli

Brevoortia tyrannus
Gasterosteus aculeatus
Cyorinodon variegatus

11

o o © © o o 0o o e

STATION

i | v

1 (485)
1 (93)
81 (77-88)
o
o
1 ¢85)
1.(5¢)
99 (70-143)
0
66) 0
2 (33-45)

i3

TR RN 11 ) et

TS

o

1 (138)
5 (80-88)
7 (99-124)
2 (42-52)
0

0

2 (90-92)
T (48-61)
o

0

e o o 9o © o N o

€344)
(€a]

(45-51)

e © o o

® © o o @ o






Tante 11. Numbers of fish caught in post-ocutage traw! samples in Barnegat Bay near the
mouth of Oyster Creek on February 17, 1991; range of lengths in millimete’s in

parentheses .
TAT1
SPECIES 186 IO, ¢ S i
Alosa sapidissima 0 0
Alosa sestivaiis 0 1 (9N
Apeites guadracus 0 1 (48)

Menidia menidia 1 (64) 1(9%)
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Table

13. Estimated number of dead bluefish in OCNGS discharge canal
following February 15, 1991 shutdown based on diver tranaects.

CANAL _SECTION

1 (condenser discharge area
2 (dilution discharge area)

3 (0 to 150 feet downstream
of discharge structure)

4 (between 30 inch discharg
pipe and trestle bridge)

5 (between trestle bridge
and Rt. 9)

6 (East of Rt. 9)

BLUEFISH MORTALITY ESTIMATE

)

TOTAL

3

P

29

49

138

286

509



TEMPERATURE PROFILE AT OCNGS

FEBRUARY 15-16, 1991

~
p

i CONDENSER DISCHARGF

AR

o3 o

THAZMOZO0

i ROUTE 9 BRIDGE

Dy

R
A
T
.
R
E

{ CONDENSER INTAKE

C#l CH4

CONDENSER DELTAT

30
1 1 |
| !

I15FEBRD1:10:00 15FEBS1:15:00 1 SFER91:2000 16FEBR1:01:00 18FERS1:08:00 16FEBSi:11:00 187ERD1:18-00 187EBP1:21:00

1 4
f

NOTE: DILUTION PUMPS #3 & #1 WERE TAKEN OUT OF SERVICE ON 2/15/901 AT 1149 & 1417, RESPECTIVELY. CIRCULATING WATER PUMPS #1 & #-
WERE TURNED OFF ON 2/18/01 AT 1232 & 1742, RESPECTIVELY, WITH #2 & #3 OFF-LINE ON 2/17/01 AT 11i6.
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