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1.1 

-

MODIFICATION OF TECHNICAL SPECIFICATIONS 

The Virginia Electric and Power Comp~ny was notified in 

November, 1978 that its request for modification of the Non-Radiological 

Environmental Monitoring Program had been granted. This will be the 

last report under the original Technical Specifications. 
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2.0 NON-RADIOLOGICAL MONITORING PROGRAM - THERMAL AND PHYSICAL CHARACTERISTICS 

The Non-radiological Monitoring Program - Thermal and Physical 

Characteristics applies to the monitoring of the temperature-salinity distri­

bution in the ten (10) mile segment of the James River centered at Hog Island. 

The objective of the program is to determine the relationship between the 

thermal discharge and the physical-chemical characteristics of the water mass 

within the ten (10) mile tidal segment of the James River and the effects of 

the operation of the Surry Power Station on the physical and chemical variables 

of the James River Estuary. 
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2~1 TEMPERATURE AND SALINITY MONITORING 

Summary 

Temperatures are monitored continuously at points in. the James 

River at thirteen (13) stations (Figure 2.1.1-1) of the tidal segment 

encompassing Hog Point. Near surface and bottom temperatures are 

recorded as indicated on the figure. 

Salinity is continuously monitored at the station intakes. 

Results 

The results of the temperature and salinity monitoring programs 

are summarized in Sections 2.1.1, 2.1.2, and 2.1.3. 
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2.1.1 

-

TEMPERATURE AND SALINITY MONITORING STATIONS IN THE JAMES RIVER 

Tables 2.1.1-1 and 2.1.1-2 summarize results of the temperature 

and salinity monitoring program in the James River. The monthly means 

of the daily highs, lows, and means are reported for each month of the 

reporting period. 
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Figure 2.1.1-1 
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•• e • TABLE 2.1.1-1 

JAMES RIVER TEMPERATURE DATA 
VALUES ARE MEANS OF DAILY HIGH, MEANp, AND LOW VALUES 

ANNUAL REPORT FOR 197~ 
. . . MONTH=l ----------------------------------------------------------- ---------------------------------------~----------------------. . 

MONTH TYPE SAlTGT ~A2~AT SA3GRT SBHOT S82TET SB2TEB SB3TFT SB3TFB SClTBT SC2TCT SC2TCB SDlBDT S02BCT SD2BCB S03BBT SElTAT SE2lNT 
. -~i. . : ' 

l HIGH . 5 .-,. 12.5 2.9 3 .. 3 ·4.6 5.8 5.7 3.6 .7. 7 7.9 3.6 4.1 3.3 6.4· 2·9 4.6 
l MEAN . 3.4. · ll. 7 2.3 2.2 3.4 3.4 3.3 3.1. s.1 . 5.4 3.2· 3.3 2.6 4.0 2.3 3.8 
l LOW • 2.3 10~8 1~7 1.5 2;. 7 l;,9 1.0 2.4 3.4 3.9 2.1 2.9 2.2 2.s .1. 7 2.9 

' 

MONTH=2 
. . 

------------------------------------------------------------- ---------------------------------------------------.----------
MONTI-I TYPE ~AlTGT SA2BAT SA3GRT SB1 TOT SB2TET SB2TEB SB3TFT SB3TFB SClTBT SC2TCT SC2TCB SDlBDT SD2BCT SD2BCB S03BBT SElTAT SE21NT 

2 HIGH . 3.3 12.2 2.3 3.1 3.3 5.7 6.3 · 2.4 5.4 . 2.2 .2.4 2.4 5.5 1.7 3.1 
2 MEI\N . 1.7 10.a 1.8 1.9 2..0 2.8 3.4 · 1.8 3 .1 • 1.7 1.8 1.8 3.0 1.2 2.3 
2 LOW . 1.0 9.9 1~3 1.2 1.3 1.2 1.1 1.4 1. 7 ~ 1~2 1.3 1.4 1.0 0.1 1. 6 

------------------------------------------------------------- MONTH=3 ·--------------------------------------------------------------
N MONTH TYPE sA pea SA2BAT SA3GRT SB1TDT SB2TET SB2TEB SB3TFT SB3TFB SClTBT SC2TCT SC2JCB SD1BDT SD2BCT SD2BCB S03BBT SEl TAT SE21NT 

3 liIGH 12.2 8.2 16.5 , 7.0 8.2 8~1 10.5 10.1 7.5 10.6 13.6 7.4 4.6 a.a 10.1 7.1 8.6 
I 3 MEAN 11.9 6;9 15.l 6.4 1.1 1.0 1.1 7.9 6.9 8;.5 11.1 6.6 4.0 8.2 a.1 6.2 7.3 

+:"" 3 LOW 11.6 5.9 14.2 5.8 6.4 6.3 6.0 6.3 6.4 1·1 10.s 6.3 3.4 1.0 7~!) 5.6 6.2 
'.' I 

------------------------------------------------------------- MONTH=4 ------------~---. -------------------------------------------
MONTH TYPE SAlTGT SA2BAT SA3GRT SB HOT SB2Tl:T SB2TEB SB3TFT S83TFB SC1TBT SC2TCT SC2TCB SD1BDT SLl2BCT SD2BCB S0388T SEl TAT SE21NT .. I 

' 
4 HIGH 15 •. 3 15.9 22.1 14.8 15.7 15.5 17.3 16 .-8. 15.4· 17.6 11.1 15.4 15.3 16.9 14.9 16.2· 
4 MEAN 14.6 14.7 21.5 14.2 15.0 14.9 15.3 15.5 14.6 15.9 15.5 14. 9 14.7 lS.6 13.9 l4 .a 
4 !,-OW 14.l p.7 20.6 13.6 14.3 ~4.2 14~0 14.5 14.3 14.8 14.4 14~3 14.2 14.6 13.2 13.6 

. . MONTH=5 --------------------------------------------------------------------------------------------------------------------------- . . 

MONTH TYPE SAlTGT SA2BAT SA3GRT SB1TDT S82TET SB2TEB SB3TFT SB3TFB SC1TBT SC2TCT SC2TCB S018DT S02BCT S02BCB SD3BBT SEl TAT 5E21NT 

5 -· HIGH lQ.O 19.6. 25.6 19.3 19.3 19.2 21.4 19.6 19.2 21.1. 20.5 19.0 18.4 20.3 19.3 20.6 . 
5 MEAN 1 a.4 i8.4 24.3 18.6 18.6 lB.6 20.1 16.9 16.6 19.6 19.3 18.6 • 17.9 19.4 16.4 10 .9 
5 LOW 18.0 i1.1 23.2 18. l 18.2 1a.2 19.2 10 .1 1a.1 18~7 18.4 16.2 . 17.5 18.6 17.6 17.7 

: : 

--------------·--------------------------. ---· -------------- MONTH=6 --------------------------------------------------------------. . 

MONTI-I TYPE SAlTGT SA2BAT SA3GRT SBlTDT SB2TET SB.2TEB S83TFT SB3TFB SClTBT SC2TCT SC2TCB SDlBDT S02BCT SD2BCB S0388T SElTAT SE21NT 
I 

6 HIGH 26. l 26.6 32.9 26.1 24.6 26.0 28.l 26.6 26.2 28.l 21.1 26.1 26.5 26.l 21.0 26.2 27.2 
6 MEAN .25.5 25.5 31~5 25.5 24.3 25.5 26.0 25.6 25.6 26.5 26.0 25.5 25.9 25.5 25.9 25 .1 25.4 
6 LOW 25.1 24.6 30.4 25.0 23.6 25.1 25.0 24.8 2,.1 25.3 25.0 25. l 25.'t 25.0 25.0 24.2 23.9 

. • ..... 
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TABLE 2.1.1-1 

JAMES RIVER TEM?ERATURE DATA 
VALUES ARE MEANS OF DAILY HIGH, MEAN, AND LOW VALUES 

ANNUAL REPORT FOR 1978° 

e 

-------~--------------------------------------------------- MONTH=7 ------------- ----------------------------. ------------------

MONTH TYPE SAlTGl SA2BAT SA3GRT SB1TDT SB2TET SB2TEB SB3TFT SB3TFB SClTBT SC2TCT SC2TCB SDlBDT SD2BCT SD2BCB SD3BBT SElTAT Sc21NT 

7 
7 
7 

HIGH 
MEAN 
LOW 

28.0 
27.4 
27.0 

28.3 
27.2 
26.4 

33.q 
32.5 
31~4 

27.6 
27.0 
26.6 

. . 

. 
' . 27.8 

27.4 
27.0 

29.9 
28.2 
27.2 

-------------------------------------------------------------
MONTH TYPE SAlTGT SA2BAT SA3GRT SB1TDT SB2TET SB2TEB SB3TFT 

8 HIGH 29.6' 30.5 38.4 29 .8. 30. l 29.B 32.1 
8 MEAN 28.9 28.9 37.1 29.2 29~5 29;,2 30.l 
B LOW 28.5 28.l 36.0 28. 7 29.0 28. 7 28.9 

-----.--------------------------------------------------

28.4 
27.5 
26 .8 

MONTH=8 

SB3TFB 

30.8 
29.6 
28.7 

MONTH=9 

28.3 
27~6 
27.l 

29.7 
28.1 
21.0 

29.5 
27.8 

· 26.9 

28 .1 
27.5 
21.0 

28.l 
27.S 
27.0 

27.7 
21.1 
26.7 

28.8 
27.7 
26.9 

28.1 
27.2. 
26.5. 

29.l 
27.4 
26.0 

--------------------------------------------------------------
SC 1TBT SC2TCT SC2TCB SDlBDT SD2BCT SD2BCB SD3BBT SElTAT SE2INT 

29.9 32.7 32.1 29.7 29.7 29.4 31.3 29.5 30.0 
29.3 30.5 30.0 29.2 29.l 28,8 29.9 28.7 28.5 
28.9 29.0 28.7 28~8 28.6 28.4 28.9 28.0 27.3 

--------------------------------------------------------------
N MONTH TYPE SAlTGT SA2BAT SA3GRT SB1TDT S82TET SB2TEB SB3TF"f SB3TFB SClTBT SC2TCT SC2TCB SD1BDT SD2BCT SD2BCB SD3BBT SElTAT SE21NT 

~ 9 HIGH 26.9 27.4 35.8 27.4 27.l 26.9 29.3 27.8 27.0 29.4 29.0 21.0 26.6 26.7 28.2 26.4 26.B 
9 MEAN 26. 2 26.l 34.5 26.8 26~5 26.4 26.9 26.8 26.5 27.4 26.9 26.5 26.2 26.2 26.8 25.8 25.4 

I 9 LOW 25.8 25~3 33.3 . 26.2 26.0 25.9. 25.7 26.0 26.0 26.0 25.7 26. l 25.8 25.7 2!'>.9 25.2 24.2 
V, 

------------------------------------------------------------- MONTH=lO -------------------------------------------------------------
MONTH TYPE SAlTGT SA2BAT SA3GRT SBl TDT SB2TET SB 2TEB SB3TFT SB3TFB SClTBT SC2TCT SC2TCB SD1BDT SD2BCT SD2BCB SD3BBT ~ElTAT SE21NT 

10 HI.GH 19.4 19.3 21.1 19.8 2.1.2 19.7 21.7 21.0 19.7 21.9 21.9 19.4 19. 4 19.4 21.0 19.l l'i.O 
10 MEAN 18.8 18·.4 26.7 19.3 20.8 19.0 19.4 19 .6 19.3 20.0 19.7 18.9 19.0 19.0 19. !'> 18. !'> 17.9 
io LOW .18.4 17.6 25.9 18.9 20.3 18.5 18.2 18.7 18.B 18.8 18.5 18~6 1e.6 18.6 18.6 17.9 16.8 

------------------------------------------------------------- MONTH=ll ------ ·---------------· --------------------------------------
MONTH TYPE SAlTGT SA2BAT SA3GRT SB1TDT SB2TET SB2TEB SB3TFT SB3TFB SClTBT SC2TCT SC2TCB SOlBOT SD2BCT SD2BCB SD38BT Si:lTAT SE21NT 

I 

11 HIGH. 15.8 15.8 24.6 15.9 16 .1 18.8 18.0 16.l 18.9 16.7 15.9 16.l 15.6 17.9 15.l 14.7 
11 MEAN 15.l 14.9 23.7 15.5 . 15.3 16.4 16.4 15.7 16.~ 16.3 15. 4 15.6 15.2 15.9 14.7 14 .1 
11 LOW 14.7 14.2 22.9 15.l 14.8 14.9 15 .2 15.2 15.2 14.9 15 .o 15.2 14.7 14.9 14.3 U.4 

------------------------------------------------------------- MONTH=l2 ----------------------------------------------------~-------
MONT~ TYPE SAlTGT SA2BAT · SA3GRT SB1 TDT SB2TET SB2TEB SB3TFT SB3TFB SC1TBT SC2TCT SC2TCB SDlBDT S02BCT S02BCB SD3BBT Sl:l TAT SE2INT 

12 HlGH 12.1 12.0 15.9 12.6 14.9 15 .3 12.1 15.6 15.4 12 .2. 12. 7 12.4 15.4 12.3 9.5 
12 MEAN ll.3 11.2 14.8 11.9 12.1 13 .2 ll. 7 13.5 13.3 11. 9 12. l . ll.9 13.2 11.4 a.a 
12 LOW 10.9 10.6 13. 7 . 11.3 ll. l ll .9 11.4 12.1 11.9 ll. 6 11. 7 11.5 11.9 10.6 8.o 

,· 



TABLE 2.1.1-2 

- JAMES RIVER SALINITY DATA 
VALUES (IN 0/00) WERE COMPUTED FROM DAILY MEAN VALUES 

YEAR l"'IONTH MAXIMUM .MEAN MINIMUM 

78 l 1 .• 0 o •. 9 Q.8 
78 2 2.2 2.0 _ 1.6 
78 . 3 1.4 1.2 . 1.0 
78 4 1 •. 4 · 1 .. 1 0.9 
78 5 0.6 0.5 0.4 
78 6 2.4 2.1 1.9 
78 7 5.9 5.6 5.~ 
78 8 5.2 4.9 4.6 
78 9 s.o 7 .. 7 7.4 
78 10 9.0 8.7 8.4 
78 11 10.6 10.4 10.1 
78 12 7.1 6.8 6.5 

e 

2, l. l-6 

:e 



- 2.1.2 INTAKE CANAL MONITORING STATION 

Table 2.1.2-1 summarizes the data recorded at the intake 

canal temperature monitoring station as column SE2INT. Temperatures 

from other river stations are given for comparison (Figure 2.1.1-1 

gives stations locations): Values shown are monthly means of daily 

highs, lows, and means in degrees Celsius. 

2.1.2-1 



e 
TABLE 2.1.2-1 

JAMES RIVER TEMPERATURE DATA 
VALUES ARE MEANS OF DAILY HIGH, I-SEAN, ANO LOW VALUES 

ANNUAL REPORT FOR 1978 . 

e 

---------------------------------------. -------- ---.------ MONTH=l --------------------------------------------------------------

MONTH TYPE S/\lTGT. SA2BAT SA3GR"f ·SB1TDT SB2TET SB2TEB SB3TFT •. 1 
' I 

l HIGH · 5.4 12.5 2.9 3.3 4.6 5.8 
1 MEAN . 3.4 ll.7 2.3 2~2 3.4 3.4 
1 LOW 2;3 

I 
10.0 1.7 1.5 2.7 1.9 

---------.---------------------------------------------------
MONTH 

2 
2 
2 

TYPE 

HIGH 
MEAN 
LOW 

SAlTGT SA2BAT 

3.3 
1.7 
1~6 

SA3GRT SB1TDT 

12.2 2.3 
10.0 1 .• a 
9.9 1~3 

SB2TET SB2TEB 

3.3 
2.0 
1.3 

S83TFT 

5.7 
2.a 
1.2 

SB3TFB 

5.7 
3.3 
~-8 

MONTH=2 

S83TFB 

6.3 
3~4 
1~7 

SClTBT SC2TC"f SC2TCB S018DT S028CT S.D2BCB SD3BBT SElTAT SE21NT 

3.8 1.1 7.9 3.8 4.1 3.3 6.4 2.9 4.b 
3.1· 5.1 5.4 3.2 3.3 2.6 4.0 2.3 3.8 
2.4 3.4 3.9 2.7 2.9 •2.2 2. 5, 1.1 2.9 

----------------------------------------------------- .--------
SC1TBT 

2.4 
1.a 
1.4 

SC2TCT 

5.4 
3.1 
1.7 

SC2TCB SD1BOT 

2.2 
1~1· 
1.2 

S02BCT S02BCB 

2.4 
1.e 
1.4 

SD3BBT 

5.5 
3.0 
1.8 

SEl TAT 

1.1 
1.2 
0.1 

SE21NT 

------------------------------------------------------------- MONTH=3 --------------------------------------------------------------

N MONTH TYPE SAlTGT SA2BAT SA3GRT .SBlTDT SB2TET SB2JEB SB3TFT SB3TFB SC1TBT SC2TCT SC2TCB SD1BDT SD2BCT SD2BC8 S03BBT SE1 TAT SE21NT . ' . . 3 HIGH 12.2 0.2 16.5 7.0 a.2 8 .1 10.5 10.1 7.5 10.6 13.6 7.4 4.6 8.8 10.1 1.1 8.6 
N 3 MEAN .11. 9 6.9 15.l- 6.4 7 .1 .7.0 7.7 1.9 6.9 8.5 il. 7 6.13 4.0 8.2 8.1 6.2 -7.3 I 
N 3 LOW 11.6 5.9 14.2 5.8 6.4 6.3 6!0 6.3 6.4 1.1 ·10.5 6.3 3.4 7.8 1.0 5.6 6.2 

------------------------------------------------------------- MONTH=4 -----~--------------------------------------------------. ----
MONTH TYPE SAlTGT SA2BAT SA3GRT SB 1TDT S.B2TET Sl3 2TEB SB3TFT 

1· 
SB3TFB SC11'ST SC2TCT SC2TCB SD1BDT SD2BCT S02BCB SD38BT SElTAT SE2INT 

4 HIGH 15.3 15.9 22.7 14.8 15.7 l!i.5 17.3 16.8 15.4 p.6 11.1 15.4 15.3 16.9 · 14.9 16.2 
4 MEAN 14.6 14.7 21.s 14.2 15~0 14.9 15.3 15. 5 14.8 15.9 15.5 14.9 14.7 15.6 ll.9 14.8 
4 LOW 14.l 13. 7 20.6 13.6 -14.3 14.2 14.0 14.5 14.3 14.8 14.4 14.3 14.2 14.6 13.2 13.6 

------------------------- .-------------------- .---·---------- MONTH=5 ---------------.-------------------------------------------~ 
MONTH TYPE SAlTGT SA2BAT SA3GRT SBlTDT SB2TET SB2TEB SB3TFT SB3TFB SC1TBT SC2TCT SC2TCB SDlBDT SD2BCT SD2BCB SD~BBT SElTAT SE2INT 

5 HIGH .19.0 19.6 25.6 19.3 19.3 19.2 21.4 19.6 19.2 21.1 20.5 19.0 18.4 20~3 19.3 20.6 
5. MEAN 18.4 18.4 24.3 18.6 18.8 18.6 20.1 18 .9 18.6 19.6 19.3 18.6 17.9 19.4 18.4 18.9 
5 LOW 18.0 11.1 23.2 18.l 18~2 10.2 19~2 18.l 18.l 18.7 18.4 18.2 . 17.5 18.6 17.6 11.1 

---------·-----------------------·--. -- --------------------- MONTH=6 --------------------------------------------------------------
MONTH TYPE SAlTGT SA2BAT SA3GRT SB1TOT SB2TET SB2TEB SBHFT SB3TFB SClTBT SC2TCT SC2TCB S01BDT S02BCT SD2BCB SD3BBT SElTAT SE2INT 

6 HIGH 26. l 26.8 32.9 26.l 24.8 26.0 28.l 26.6 26.2 28.l 21.1 26. l 26.5 26.1 21.0 26.2 21.2 
6 MEAN 25.5 25.5 31.5 25.5 24.3 25~5 ·26.0 25.6 25.6 26.5 26.0 25 .5 25.9 25.5 25.'i 25.l 25.4 
6 LOW 25.1 24.6 30.4 25.0 23.8 25.l 25.0 24.8 25.1 25.3 25.0 25.1 25.4 25.0 25.0 24.2 23.9 

. ·-1. 



e -TABLE 2.1.2-1 

JAMES RIVER TEMPERATURE DATA 
VALUES AR~ MEANS OF DAILY HIGH, MEAN,.AND LOW VALUES 

ANNUAL REPORT FOR 1978. 
. . . -------------------------------------------------------------. . MONTH=7 -----. -- ------- ---- · ----------------------- - --------- -

MONTH TYPE SA1TGT,SA2BAT SA3GRT SBlTDT SB2TET S82TE8 SB3TFT S63TFB SClTBT SC2TCT SC2TC8 SD1BDT S02B(;T SD2EICB SD38BT SE~TAT SE21N} 
I '' 

1 HIGH 28.0 25.3· 33.9 27.6 · 27.8 ?9-~ 28.4 28.3 29.7 29.5 28.1 28.l 21.1 28.8 _28. l 29.l 
1 "MEAN 27.4 27.2 32e5 27.0 ! 27.4 26.2 27.5 27.6 28.1 27.8 27.5 27.5 21.1 27.7 27.2. 27.4 
1 LOW 21.0. 26.4 31.4 . 26.6 27.0· 27.2 26.8 27. l 27.0 26 .• 9 27.0 27.0 26.7 26;.9. -26.5 ' -26.0 
/ 

---------.---------------------------. -· ---------. ----------- MONTH=8 --------------------------------------------------------------
MONTH TYPE SAlTGT SA2BAT SA3GRT SB lTDT SB2TET SB2TEB SB3TFT S83TFB SC1TBT SC2TCT SC2TCB S01BDT S026CT SD2BCB SD38BT SE1 TAT SE211'-.T 

' 
8 HIGH 29.6. 30.5 38.4 29.·8 30~1 29.8 32.l 30.a· 29.9 32.7 32.l 29. 7 29.7 29.4 . U.3 2'1.5 30.0 
8 MEAN 28.9 28.9 37.1 29.2 29.5 29.2 30.1 29.6 29.3 · 30.5 30.0 29.2 29.l 28.8 29.9 28.7 28.5 
8 LOW 28.5 28.l .36.0 2 B. 7 29.0 28.7 28.9 28.7 28-.9 29.0 28. 7 28 .8 ?B.6 28.4 28.9 28.0 27.3 

----------------------- ----------------------------- ------ MONTH=9 ---- .---------- ------------------- - -------------------

tv MONTH TYPE SA1TGT SA28AT .SA3GRT SBlTOT SB2TET S62TEB S83TFT S83TFB SClTBT SC2TCT SCZTCB SDlBDT S02BCT S02BCB S03BBT SElTAT. SE21NT . . 
. 9 HIGH 26.9 27.4 35.8 27.4 27.l 26.9 29.3· 27.8 27.0 29.4 29.0 27.0 - 26.8 26.7 28.2 26.4 26.8 
N 9 MEAN 26~2 26!J 34.5 26.8 26~5 26.4 26~9 26.8 2b.5 27.4 26.9 26.S 26.2 26.,2 26.& 25.8 25.4 I 
\JJ 9 LOW 25.8 25.3 33.3 26.2 26.o 25.9 ?5.1 26.0 26.0 26.0 ·25. 7 26.i 25.8 25.7 25.9 25.2 24.2 

----------------------------------------------· -------------. MONTH=lO ------------------------ .-----------. -. -- . ---------
MONTH TYPE SAlTGT SA2BAT SA3GRT SBlTDT S.B2TET S62TEB SB3TFT SB3TFB SClTBT SC2TCT SC2TCB SDlBl)T S02BCT S028CB S03BBT SElTAT SE21NT 

: 

10 HIGH 19.4 19.3 21.1 19.8 21.2 , 19.7 21.7 21.0 19.7 21.9 21.9 19.4 19.4 l9o4 21.0 19.l 19.0 
.10 MEAN 18.8 1il.4 26.7 19.3 20.0 19.0 19.4 19.b 19.3 20.0 19.7 18.9 19.0 19.0 19~!:i. 18.5 17.9 
10 LOW 18.4 17.6 25.9 18.9 20.3 18.5 18.2 18.7 18.8 18.8 18.5 18.6 10.0 18.6 18.6 17.9 16.8 .. 

------------------------------------------------.----------. - MONTH=ll ----------------------------------.--------------------------
· MONTH TYPE SA lTGT SA2BAT SA3GRT SBlTDT SB2TET SB2TEB SB3TFT SB3TFB SC1TBT SC2TCT SC2TCB SD1BOT SD2BCT SD2BCB SD3B6T SEl TAT SE21NT 

I 

11 HIGH . 15.8 15.8 24.6 15.9 . · 16.1 18.8 18.0 16.1 18.9 18.7 15.9 i6.l 15.6 17.9 15.l 14. 7 
11 MEAN 15.l 14.9 23.7 15.5 15.3 16.4 16.4 15.7 lb.6 16.3 15.4 15.6 15 .2 15.9 14~7 14. l 
11 LOW 14.7 14.2 22.9 l 5o l . 1'4.8 14.9 15.2 15.2 15.2 14.9 \ · 15.0 15~2 14.7 14.9- 14.3 13.4 

------~-----·--------------------·----------------. ---------- MONTH=l2 ------------------------------. -----. . --- . ---------------
MONTH TYPE SAlTGT SA2BAT SA3GRT SBlTDT SB2TET SB2TEB S83TFT S83TFB SC1TBT SC2TCT SC2TCB SD1BDT SD2BCT SD2BCB SD38BT SELTAT SE2INT 

I 

12 HIGH 12.1 12.0 15.9 ~ . 12.b 14.9 15.3 12.1 . 15.6 15.4 12 .2 12.7 12.4 15.4 12.3 9.5 
12 MEAN 11.3 11.2 14.8 I p.9 12. 7 13.2 11. 7 · 13.S 13.3 11.9 12.1 11.9 13.2 11.4 a.a . 
12 LOW 10.9 10.6 13.7 11.3 11.1 11.~ ll.4 12.1 11.9 11.6 11. 7 11.5 11.9 10.6 8.o 



2.1.3 

. e 

DISCHARGE CANAL MONITORING STATION 

Table 2.1.3-1 summarizes the data recorded at the discharge 

canal temperature monitoring station as column SA3GRT. Temperatures 

from other river stations are given for comparison (Figure 2.1.1-1 

gives station locations). Temperatures shown are monthly means of 

daily highs, lows, and means in degrees Celsius • 

2.1.3-1 
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TABLE 2.1. 3-i . 

JAMES RIVER TEMPERATURE DATA 
VALUES A~~ MEANS OF DAILY HIGH, MEAN, AND LOW VALUES 

ANNUAL REPORT FOR 19]& 

----- - -------. - . -----------· ·---------------------- . ---- MONTH-l· ----- ------------·---------. ----- .-- ------------------' . . 

MONTH TYPE SA 1.TG 'f. SA2BAT SA3GRT S8lTDT SB2TET SB2TEB SB3TFT SB3.TFB SClTIH SC2TCT SC2TCB SOlBDT SD2BCT S02BCB S03BBT .SE1 TAT SE2INT 
I 

l HIGH . 5.4 12.5' 2.9 3 •. 3 4.6 5.8 5.7 3.8 1.1 7.,9 3.8 . .4.1 3.3 6.4 2.9 4.6 
l MEAN ~ · 3.4' ll.. 7 2.3 2.2 3~4 3.4 3.3 3.1 s.1 5.4 3.2 3.3 2.6 4.0 2 .• 3 3.8 
l LOW . 2.3 10.-a 1.1 1.5 2.1 1~9 1.a 2.4 3.4 3.9 2~7 2.9 2.2 2.5 1.1 2.9 

------------------------------------------------------------- MONTH=2 -----·-------------------------------- .. - . ------------------. 
MONTH TYPE SAlTGT SA28AT SA3GRT SBlTDT SB2TET SB2TEB SB3TFT SB3TFB sciTBT SC2TCT SC2TCB SDlBOT S02BCT SD2BCB SD3BBT SE1 TAT SE2INT 

2 HIGH .. 3.3 12.2 2.3 3.1 3.3 5.7 6.3 · 2.4 5.4 2.2 2.4 z.4· 5.5 1.7 3.1 
2 MEAN ' 1. 7 10.a 1.a l.9 2.0 2.8 3.4 1.8 3.1 • 1.7 1.8 1.8 3-.o 1.2 2,;3 
2 LOW 

~ 
1 ~o 9.9. 1.3 1.2 1 ;.3 1.2 1~7 1.4 1.7 ~ 1.2 l.3 1.4 1.a 0.1 1~6 . 

-------------------------------------------------.----------- MONTH=3 ----------- .------- . --- .------------- .• - : . ---------------- . 

N MONTH TYPE SAlTGT SA2BAT SA3GRT SB lTOT SB2TET SB2TEB SB3TFT SB.3TFB SClTBT SC2TCT SC2TCB SD1BDT SD2BCT SD2BCB S03BBT SElTAT SE2 lNT · 

3 HIGH 12.2 8.2 16.5 1.0 8.2 8.1 10.5 10 .l 7.5 10.6 13.6 7. It 4.6 a.a 10.1 1.1 8.6 
vJ 3 MEAN u.9 6.9 15.l 6·.4 7.1 ·7.0 1.1 7. CJ 6.q 8.5 11. 7 . 6.8 4.0 8.2 a.1 6.2 7.3 

I 3 LOW 11.6 · 5.9 14.2 5~8 6,.4 6.3 · 6~0 6.3 6.4 1.1 l 0.5 6.3 3.4 7.8 7.0 5.6 6.2 N 
\ 

-------------------- .---------------------------------------- MONTH=4 --------------------------------------------------------------. . . 

MONTH TYPE SAlTGT SA2BAT SA3GRT S81TDT SB2TET SB2TEB SB3TFT SB3TFB SClTBT SC2TCT SC2TCB SD1BDT SD2BCT SD2BCB SD3 66T SElTM SE21NT 

4 HIGH 15.3 15.9 22.7 14.8 15.7 15.5 17.3 16.8 15.4 17.6 11.1 15.4 15.3 16.9 · 14.9 16.2 
4 MEAN 14.6 14.7 21.5 14.2 15.0 14.9 15.3 15.5 14.8 15.9 15.5 ,14.9 14.7 15.6 13.9 14.8 
4 Lml 14.l 13. 7 20~6 13.6 14.3 14.2 -14.0 14.5 14.3 14.8 14.4 14.3 . 14.2 14.6 13.2 13.6 

------------------------------------------------------------- MONTH=5 --·------"----------------------------------·-----------------
MONTH TYPE SAlTGT SA2BAT SA3GRT S81TDT SB2TET SB2TEB SB3TFT SB3TFB SClTBT SC2TCT SC2TCB SD1BDT SD2BCT SD2BC8 S03BBT ·SEUAT SE21NT 

'. 
5 HIGH 19.0 19.6 25.6 19.3 19.3 19.2 21.4 19.6 19.2 21.1 20.5 19.0 . 10.4· 20.3 19.3 20.6 
5 MEAN 18.4 18.4 24.3 18.6 18.8 18.6 20.1 18.9 18.6 19.6 19.3 18.6 • 17e9 19.4 18.4 18 .<; 
5 LOW 1a.o 17 .• 7 23.2 18.l . 18.2 10.2 19.2 18.l 18.l 18.7 18~4 18. 2 . 17.5 18.6 . 17.6 11. 7 

_____ ....._ ____ . ----- .-------------· .. ------------------------- MONTH=6 --------------------------------------------------------------. . 

MONTH TYPE SAlTGT SA2BAT SA3GRT SBlTDT SB2TET S82TEB S83TFT SB3TFB SC1TBT SC2TCT SC2TCB SD1BDT SD2BCT SD2BCB SD3BBT, SElTAT SE21NT 

6 HIGH 26.l 26.8 32.9 26 •. l 24.8 26.0 28.l 26.6 26.2 28.l 27.7 26. l 26.5 26.l 21.0 26.2 27.2 
6 MEAN 25.5 25.5 31.5 25.5 24.3 25.5 26.0 25.6 25.6 26.5 26.0 25.5 25.9 251.5 H.9 25.l 25.4 
6 LOW 25.l 24~6 30.4 25.0 23.~ 25.l 25~'0 24.8 .25~ l 25.3 25.0 25. l · 25.4 25.0 zs.o 24.2 2J.9 



e e .e 
TABLE 2.1.3-1 

JAMES RIVER TEMPERATURE DATA 
VALUES ARE MEANS OF DAILY HIGH, MEA~, AND LOW VALUES 

ANNUAL REPORT FOR 1978 . ', 

--------------- -------------------------------------------- MONTH-7 -- ------. -- ----------------------------- -----·-----------

MONTH TYPE SAlTGT SA2BAT SA3GRT SBlTDT SB2TET SB2TEB SB3TFT SB3TFB SClTBT SC2TCT SC2TCB SD16DT SD2BCT SD2BCB SD3BBT SElTAT SE21NT 
i : • ' / . 

7 . HIGH· 20.0 28.3 33.9 27.6 . 27.8 29.9· 28.4 28.3 29.7 29.5 28 .1 28.l .27.7 28.6 28.1 29.l · 
7 MEAN 27.4. 21.2 32.5 27.0 . 27.4 28.2 27.5 27.6 28.l 27.8 27. !> 27.5 21.1 21. 7. 21.2. 27.4 
7 LOW 21.0 26.4 31.4 26.6 • 27.0 27.2 26 .8 27.1 21.0 26.9' 21.0 27.0 26.7 26.9 26.5' 26.0 

I 

-------- .--------------------------~---------------------- MONTH=8 ------ ----------------------- ------------------------------
I 

MON~H TYPE SAlTGT SA2BAT SA3GRT SBlTDT SB2TET SB2TEB SB3TFT SB3TF6 SClTBT SC2TCT SC2TCB SDlBDT S026CT S02BC6 SD3B6r SElTAT SE21NT 

8 MIGH 29.6 30.5 38.4 29.8 30.1 29.8 32.l 30.8 29.9 32.7 32.l 29. 7 29.7 29~4 31.3 29.,5 30.0 
6 MEAN 28. 9 28.9 37.1 29.2 29.5 29.2 30.l 29~6 29.3 30.5 30.0 29.2 29.l 28.8 29.9 .28.7 28 .5 
8 LOW 28.5 28.l 36.0 28. 7 29.0 28.7 28 .9 28.7 28.9 29.0 28.7 28.B 28.6 28.4 28.9. 28.0 27.3. 

--------------------------------- ------------- ------------- MONTH-9 -------------------------------------------------------------- · 

NMONTH TYPE SAlTGT SA2BAT SA3GRT SBlTDT. SB2TE~ SB2TEB SB3TFT SB3TFB SC1TBT SC2TCT SC2TCB SD1BOT. S1J26CT S02BCB S03BBT SElTAT SE21NT 

9 HIGH 26.9 27.4 35.8 27.4 27.1 26.9 29.3' 27.8 27.0 29.4 29.0 27.0 26.8 26.7 28.2 26.4 26.8 
w 9 MEAN 26.2 26 .• l 34.5 26.8 26.5 26.4 26.9 26. 8 26.5 27.4 26.9 26;.5 26.2 26.2 26.8 25.8 25.4 

I 
9 LOW 25.8 25.3 33.3 26.2 26.0 25.~ 25.'? 26.0 26.0 26.0 25.1 26. l 2!>.8 25.7 25.9 25 •. 2 2lt.2 w 

------------------------------------------------------------- MONTH-10 -------------------------------------------------------------

MONTH TYPE SAlTGT SA2BAT SA3GRT SBlTDT SB2TET S~2TEB S63TFT S83TF6 SC1T6T SC2TCT SC2TCB S01BDT S026CT SD2BC6 SD36BT SElTAT ,E21NT . : . . 

10 HIGH 19.4 19.3 27;. 7. 19.6 21.2 19.T 2l.7 21.0 19. 7. 21.9 21.9 19.4 19.4 19~4 21 .• 0 19.l 19.0 • i 

10 MEAN lB.B 18.4 26.7 19.3 20.a 19.0 19.4 19.6 19.3 20~0 19.7 16.9 19.0 19.0 19.5 18.5 1.7 .9 
10 LOW 18.4 1706 25.9 18.9 20~3 18. 5 1s.2 18.7 18.8 10.8 18.5 18.6 18.6 1Bo6 18.6 17.9 16.8 

-------------------------------.----------------------------- MONTH=ll ---------------- ------------------ ----- - -- ------------ -) 

MONTH TYPE SA.lTGT SA2BA~ SA3GRT SB1TDT SB2TET S82TEB SB3TFT SB3TFB SClTBT SC2TCT SC2TCB SDlBDT SD2BCT S02BCB SO~BBT SElTAT SE21NT 

) u HIGH. 15.8 15.8 24.6 15.9 . 16.l 18.8 18.0 16.1 18.9 18.7 15 .9 16. l 15.6 17.9 15.1 14~7 
11 MEAN 15.l 14.9 23.7 i 5.5 . 15.3 lb.4 16.4 15.7 16.6 16.3 15.4 · 15. 6 i5.2 15.9 14. 7 14 .1 
11 LOW 14.7 14.2 22.9 15.1 . 14.8 14.9 15.2 15.2 15 .2 14.9 15.0 15.2 14.7 14.9 14.3 E,~4 

' I 
' ; . 

----- ------------------------------------------------------ MONTH=l2 ----------------------------------------. -------------------) 

MONTH TYPE SAlTGT SA2BAT SA3GRT SB.1TDT SB2TET S82TE6 SB3TFT SB3TFB SC1TBT SC2TCT SC2TCB SD1BDT SD2BCT S02BCB SD3BBT SE1TAT SE2INT ' . . : . i 

12 HIGH 12.1 12.0· 15.9 . . 12.6 14.9 15.3 12.1 15.6 15.4 12.2 12.1 12.4 15 .• 4 12.3 9.5 
12 MEAN· 11.3 11.2 14.8 .. . 11.9 12.7 13.2 11. 7 13.5 13.3 ll .9 12.1 11.9 13.2 11.4 a.a 
12 LOW 10.9 .10.6 13.7 . . 11.3 ll.1 lf.9 11.4 12.i: 11. 9 11. 6 11. 7 11.-5 11.9 10.6 8.0 
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2.2 SALINITY AND TEMPERATURE SPECIAL SURVEYS 

Summary 

The salinity and temperature monitoring program encompasses 

the segment of the James River Estuary which extends from the southern 

shore of Jamestown Island to below the intake of the Surry Power Station. 

The horizontal and vertical salinity and temperature of this tidal seg-

.ment is determined at monthly intervals as follows: Cruises are con­

ducted at slack before flood tide. A four (4) station transect, which 

is between the intake structure and Skiffes Creek, is sampled from sur­

face to bottom at two (2) meter intervals. A second transect is made 

near the upper limits of the segment, the exact location of which is 

based on the salinity regime of the system. The approximate locations 

of the sampling stations and the cruise route are shown on T.S. Figure 2.2-1. 

Results 

Monthly temperature and salinity surveys were conducted at 

eleven (11) sampling stations as shown in Figure 2.2-1. Data obtained 

from these surveys are summarized in graphical form in Figures 2.2-2 

through 2.2-13. 

Conclusions 

The salinity in this segment of the river varied between 0 

and 11.0 parts per thousand (ppt) during the reporting period. There 

is no measurable difference in salinity occurring as a result of the 

diversion of water through the cooling system. Therefore, it is con­

cluded that the operation of the station had no significant effect on 

the salinity structure of the James River. 

Temperature readings taken in conjunction with the salinity 

surveys are also presented.· 

2.2-1 
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2.3 FRESHWATER DISCHARGE OF THE JAMES RIVER AT RICHMOND AND HOG ISLAND 

The daily freshwater discharge of the James River and the James River 

and Kanawha Canal gages at Richmond have been combined and tabulated in 

Table 2.3-1. The calculated freshwater flow at Hog Island is also tabulated 

in Table 2. 3-1. 

The freshwater flow of the James River at Hog Island has been calcu­

lated using the flow at Richmond and the relative drainage area of the 

James River above and below Richmond to Hog Island. The area above Richmond 

is 6757 square miles and the area from Richmond to Hog Island is 2760 

square miles. 

Therefore: 

B = A (6757 + 2760) 
X 6757 

Where: B = Flow at Hog Island 

A= Flow at Richmond 

The time of flow from Richmond to Hog Island is variable, being 

dependent upon the flow at Richmond. 

2.3-1 
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TABLE 2.3.l 

FRESHWATER DISCHARGE OFTHE JAMES RIVER AT RICHMOND AND HOG ISLAND 

JANUARY - DECEMBER, 1978 

DATE 

_JANUARY l, 1978 
JANUARY 2, 1978 
JANUARY 3, 1978 
J.b.NUARY 4, 1978 
JANUARY. 5, 1978 
JANUARY 6, 1978-
j ANUARY 7, 1978 
JANUARY 8, 1978 
JANUARY 9, 1978 
JANUARY 10, 1978 
JANUARY 11, 1978 
J ANUAR_Y 12~ 1978 
JANUARY 13, 1978 
jANUARY 14, 1978 -
JANUARY 15; 1978 
JANUARY 16; 1978 
J-ANUARY 17, 1978 -
JANUARY 18, 1978 
JANUARY 19; 1978 
JANUARY 20~ 1978 
JANUARY 21, 1978 
JANUARY 22, 1978 
JANUARY 23, 1978 

· JANUARY 24, 1978 
JANUARY 25, 1978 
JANUARY 26, 1978 
JANUARY 21; 1978 
JANUARY 28t 1978 
JANUARY- 29~ 1978 
JANUARY 30, 1978 
JANUARY 31~ 1978 

JAMES RI VER 
DISCHARGE AT RICHMOND 

C.F.S. 

6520 
6370 
6090 
5560 
5542 
5274 -
5422 
5780 

23380 
43980 
30340 
20940 
14940 
14922 
17360 
14022 
11022 
16880 
19360 
16360 
13560 
).0700 
8860 
7720 
9030 

. 50920 
98100 
76440 
27590 
26372 
18840 

2.3- 2 

CALCULATED 
JAMES RIVER 

DISCHARGE AT HOG POINT 
c. F-. s. 

9183 
8972 
8578 
7831 
7806 
7428 

_ 7637 
8141 

32930 
61945 
42733 
29493 
21043 
21017 
24451 
19750 
15524 
23775 
27268 
23043 
19099 
15071 
12479 
10873 
12718 
71719 -

138i71 
107663 
-3-8860 
37144 

- 26536 
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DATE 

FEBRUARY 1, 1978 
FEBRUARY 2, 1978· 
FEBRUARY 3; 1978 
FEBRUARY 4; 1978 
FEBRUARY 5; 1978 
FEBRUARY 6; 1978 
FEBRUARY 7, 1978 
FEBRUARY 8• 1978 

· FEBRUARY 9; 1978 
FEBRUARY 10, 1978 
FEBRUARY 11, 1978 
FEBRUARY 12 t 1978 
FEBRUARY 13~ 1978 
FEBRUARY 14; 1978 
FEBRUARY 15, 1978 
FEBRUARY 16, 1978 
FEBRUARY 17~ 1978 
FEBRUARY 1a; 1978 .. 
FEBRUARY 19, 1978 
FEBRUARY 20, 1978 
FEBRUARY 21~ 1978 
FEBRUARY 22; 1978 
FEBRUARY 23, 1978 
FEBRUARY · 24~ 1978-
FEBRUARY 25; 1978 
FEBRUARY 26; 1978 
FEBRUARY 21; 1978 
FEBRUARY 28, 1978 

'TABLE 2.3.1 (CONT'D) 

JAMES RIVER 
DISCHARGE AT RICHMOND 

C.F.S. 

15440 
13140 
11040 
'9902 
9002 
7992 
7682 
6642 
6352 
6352 
6212 
6072 
5942 
5664 
5720 
5580 
5860 
5580 
5720 
5580 
5580 " 
5720 
5860 
6010 
5580 
5720 
6450 
7230 

CALCULATED 
-JAMES RIVER 

DISCHARGE AT HOG POINT 
· C.F.S. 

21747 
18507 
15550 
13947 
12679 
11256 
10820 

9355 
8947 
8947 
8749 
8552 
8369 
7978 
8056 ** 
7859 ** 
8254 ** 
7859 ** 
8056 ** 

• I 7859 ** 
7859 ** 

. 8056 **' 
8254 ** 
8465 ** 
7859 ** 
8056 ** 
9085 ** 

10183 ** 

** CALCULATION BASED ON JAMES-RIVER FLOW ONLY DUE TO MALFUNCTlON 
OF KANAWAH CANAL GAGE~. ' 

2.3- 3 
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DATE 

MARCH 1, 1978 
MARCH 2, 1978 
MARCH 3, 1978 
MARCH 4, 1978 
MARCH 5,. 1978 
MARCH 6, 1978 
M.ARCH 1, 1978 
MARCH a, 1978 

.·MARCH 9, 1Q78 
MARCH 10, 1978 
MARCH 11, 1978 
MARCH 12, 1978 
MARCH 13,. 1978 
MARCH 14~ 1978 
MARCH 15, 1978 
MARCH 16, 1978 
MARCH 17~ 1978 
MARCH 18t 1978 
MARCH 19, 1978 
MARCH 20, 1978 
MARCH 21,. 1978 
MARCH 22, 1978 
MARCH 23, 1978 
MARCH 24J 1978 
MARCH 25, 1978 
MARCH 26, 1978 
MARCH 27; 1978. 
MARCH 28, 1978 

.· MARCH 29, 1978 
MARCH 30, 1978 
MARCH 31, 1978 

TABLE 2.3~1 (CONT'D) 

JAMES RIVER 
DISCHARGE AT RICHMOND 

C.F.s.· 

7400 
7070 
6910 
6790 
6300 
6160 
5720 · 

"5860 
5720 
8980 

29700 
33600 

, 33000 
30300 
35000 
50800 
55200 
33600 
22600 
17400 
15000 
13500 
13500 
13100 
12200 
12600 
29100 
57000 

· .. 52600 
28500 
21000 

CALCULATED 
JAMES RIVER 

DISCHARGE AT HOG POINT 
C. F.S. 

10423 ** 
9958 ** 
9733 ** 
9564 ** 
8873 ** 
8676 ** 
8056 ** 
8254 ** 
8056 ** 

12648 **· 
41832 ** 
4732? **. 
46480 ** 
42677 ** 
49296 ** 
71550 . ** 
77748 ** 47325 ** 
31831 ** 24507 ** 
21127 ** 
19014 ** 
1Q014 ** 
18451 ** 
-17183 ** 
17747 ** 
40986 ** 
80283 ** 
74086 . ** 
40141 ** 
29578 ** 

**. CALCULATION BASED ON JAMES RIVER FLOW ONLY DUE TO MALFUNCTION 
OF KANAWAH CANAL GAGE. 

2.3- 4 
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"DATE 

APRIL 1, 1978 
APRIL 2, 1978 
APRIL 3, 1978 
APRIL 4, 1978 

· APRIL 5, 1978 
APRIL 6; 1978 
APRIL 7; 1978 
APRIL 8, 1978 
APRIL 9; 1978 
APRIL 10., · 1978 
APRIL 11 t '1978 
APRIL 12 ~ 1978 
APRIL 13; 1978 
APRIL 14, 1978 
APRIL 15; 1978 
APRIL 16, 1978 -
APRIL 17, 1978 _ 
APRIL 18, 1978 
APRIL 19, 1978 
APRIL 20; 1978 
APRIL 21, 1978 
APRIL 22, 1978 

· APRIL 23, 1978 
· APRIL 24, 1978 

APRIL 25, 1978 
APRIL 26, 1978 
APRIL 2.7; 1978 
APRIL 28, 1978 
APRIL 29~ 1978 
APRIL 30, 1978 

TABLE 2.3.l (CONT'D) 

JAMES RIVER 
DISCHARGE AT RICHMOND 

C.F.S. 

16900 
145-00 
12600 
113'00 
10100· 
9550 
8610 
8250 
7730 
7230 
7070 
6600 
6450 
6160 
5860 
5720 
5430 
5290 
5430 
6600 

,6010 
5430 
5_290 
5150 
5010 
6450 

-37070 
66600 
50000 

. 24800 

CALCULATED -
JAMES RIVER 

DISCHARGE AT- HOG POINT 
C.F.S. 

23803 ** 
20423 ** 
17747 ** 
15916 ** 
14226 ** 
13451 ** 
12127 ** 
11620 ** 
10887. ** 
10183 ** 

9958 ** 
9296 ** 
9085 ** 
8676 ** 
6254 ** 
80.56 ** 
7648 ** 
7451- ** 
764~ ** 
9296 ** 
8465 ** 
7648 ** 
7451 ** 
7254 ** 
7056 ** 
9085 ** 

52212 
93804 ** 
70424 ** 
34930 ** 

-** CALCULATION BASED ON JAMES RIV~R FLOW ONLY DUE TO MALFUNCTION 
OF KANAWAH · CANAL GAGE. 

2.3,;,. 5 
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DATE 

MAY 1, 1978. 
MAY 2, i 9"78 
MAY 3, 1978 
MAY 4, 1978 
MAY 5, 1978 
MAY 6~ 1978 
MAY 7, 1978 
MAY 8, 1978 
MAY 9 •. 1978 

- _ MAY 1-0' . 1978 
MAY li, i978 
MAY 12~ 1978 
MAY 13~ 1978 
MAY 14, - 1978 
MAY 15, 1978 
MAY 16, 1978 
MAY 17, 1978 
MAY 18, 1978 
MAY 19, 1978 
MAY. 20, 1978 
MAY 21, 1978 
MAY 22, 1978 
MAY 23; 1978 
MAY 24,- 1-978 
MAY 25, 1978 
MAY 26; 1978 
MAY 27, 1978. 
MAY 28~ 1978 
MAY 29• 1978 
MAY 30~ 1978 
MAY 31; 1978 

TABLE 2.3.1 (CONT 1 0) 

JAMES RIVER 
DISCHARGE AT RICHMOND 

C.F-.S •. · 

17900 
14500 
12200 
11800. 
29100 
27800 
17900 
15400 
i9400 
24300 
22000 
16900 
14440 
19880 
44180 
36000 
30100 
25060 
21380 

-18420 
15500 
13180 
11480 -
10340 
'9610 
9060 
8?30 
7910 
7280' 
6850 
6700 

CALCULATED 
JAMES RIVER 

DISCHARGE AT HOG POINT 
C.F.S. 

25212 ** 
20423 ** 
17183 ** 
16620 ** 
40986 ** 
39155 ** 
25212 ** 
21690 ** 
27324 ** 

· 34226 ** 
30986 ** 
,23803 ** 
2033'8 
28000 
62226 
50705 
42395 
35296 

- 30113 
25944 
21831 
18564 
16169 
14564 
13535 
12761 
11592 
11141 
10254 

9648 
9437 

** CALCULATION BASED ON JAMES RIVER FLOW ONLY DUE TO ~ALFUNCTION 
OF' KANAWAH CANAL GAGE. 

2.3- 6 



TABLE 2.3.l (CONT'D) 

CALCULATED 
JAMES RIVER JAMES RIVER 

DATE DISCHARGE AT RICHMOND· DISCHARGE AT HOG POINT 
C.F.S. c.F.s. · 

JUNE 1, 1978 6700 9437 
JUNE 2, 1978 6990 9845 
J U\IE 3, 1978 7300 10282 
JUNE 4, 1978 · 7600 10704 
JUNE 5, 1978 6990 ·9945 
JUNE 6, 1978 6110 8606 
JUNE 1, 1978 5820 8197 
JUNE a, 1978 5690 8014 
JUNE 9, 1978 5422 7637 
JUNE 10, 1978 5422 7637 
JUNE 11, 1978 5162 7271 
JUNE 12, 1978 4774 6724 
JUNE 13, 1978 4644 6541 
JUNE 14, 1978 4644 6541 
JUNE 15; 1978 4774 6724 
JUNE 16, 1978 4386 6178 

.JUNE 17, 1978 4156 5854 
JUNE 18, 1978 4108 5786 

e JUNE 19; 1978 3988 5617 
JUNE 20, 1978 4126 5811 
JUNE 21, 1978 4792 6749 
JUNE 22; 1978 5460 7690 
JUNE 23, 1978 5460 7690 
JUNE 24, 1978 5310 7479 
JUNE 25, 1978 4404 6203 
JUNE 26, 1978 3986 5614 
JUNE 27,. 1978 4086 5755 
JUNE 28, 1978 5860 8254 
JUNE 29, 197_8 639.0 9000 
JUNE 30, 1978 5042 7102 

2.3- 7 
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DATE 

JULY 1, 1978 
JULY 2; 1978 
JULY 3, 1978 
JULY 4; 1978 ·. 
JULY 5, 1978 
JULY 6, 1978 
JULY 7+ ·1978 
JULY 8~··1978 
JULY 9,. 1q10 
JULY 10, 1978-
JULY 11, 1978 
JULY 12, 1978 
JULY 13,. 1978 
JULY 14, 1978 
JULY 15, 1978 
JULY 16~ 1978 
JULY 17, 1978 
JULY 18, . 1978 

e JULY 19, 1978 
JULY 20, . 1978 
.JULY 21, 1978 
JULY 22, 1978 
JULY 23, i978 

· JULY 24; 1978 
JULY 25; 1978 
JULY 26, 1978 
JULY 27, 1978 
JULY 28, 1978 

· JULY 29 ,- 1978 
JULY 30,. 1978 
JULY 31; 1978 

-

TABLE 2.3.l (CONT'D) 

JAMES RIVER 
DISCHARGE AT RICHMOND 

c.F.s. 

4256 
402~ 
3688 

. 3280 
3606 
4274 
4226 
3608 
3756_ 
4810 
4524 
3856· 
3756 
3418 
3418 
3488 
3786 
4144 
4056 
3826 
3608 
3090 
2832 
2692 
2812 
4162 
4542 
3906 
3230 
3248 
3090 

2.3- 8 

CALCULATED 
JAMES RIVER 

DISCHARGE AT HOG POINT 
c.F.s. 

5994 
5671 
5194 
4620 
5079 
6020 
5952 
5082 
5290 
6775 
6372 
5431 
5290 
4814 
4814 
4913 
5332 
5837 
5713 · 
5389 
5-os2 
4352 
3989 
3792 

-3961 
5862 
6397 
5501 
4549 
4575 
4352 



--

e 

e 

TABLE 2.3.l (CONT'D) 

CALCULATED 
JAMES RIVER JAMES RIVER 

DATE DISCHARGE AT RICHMOND -_ DISCHARGE AT HOG POINT 
C.F.S. C.F~S. 

AUGUST 1, 1978 2990 4211 
AUGUST. 2, 1978 3366 4741 
AUGUST ~, 1978 4174- 5879 
AUGUST 4, 1978 4960 - 6986. 
AUGUST 5, 1978 5330 · 7507 
AUGUST 6, 1978 5730 8071 
AUGUST-7; 1978 5580 7859 
AUGUST 8, 1978 4792 6749 

.AUGUST 9; 1978 5200 7324 
AUGUST 10, 1978 5180 7296 
AUGUST 11, 1978 4644 65"41 
AUGUST 12, 1978 · 6000 8451 

. AUGUST 13, 1978 5560 7831 
AUGUST 14, 1978 4792 6749 
AUGUST 15, 1978 4626 6516 
AUGUST 16; 1978 4120 5803 ** AUGUST 11; 1978 4370 6155 ** 

- AUGUST i 8' i978' 4184 5893 
AUGUST 19, 1978 3568 5025 
AUGUST 20, 1978 3280. 4620 

· AUGUST 21, 1978 2632 . 3707 
AUGUST· 22, · 1978 .2392 3369 
AUGUST 23, 1978 2302 3242 
AUGUST 24, 1978 2194 3090 
AUGUST 25, 1978 2122 2989 
AUGUST 2 6, i978 2422 3411 
AUGUST 27;· 1978 2014 2837 
AUGUST 28, 1978 2052 2890 
AUGUST 29; 1978 3544 4992-
AUGUST 30~ 1978 4088 5758 
AUGUST 31, 1978 3128 4406 

** CALCULAT~ON BASED ON JAMES RIVER FLOW ONLY DUE TO MALFUNCTION 
OF KANAWAH CANAL GAGE~ 

2.3- 9 
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DATE 

SEPTEMBER 1, 1978 
SEPTEMBER 2, 1978 
SEPTEMBER 3, 1978 
SEPTEMBER. 4; 1978 
SEPTEMBER 5. 1978 
SEPTEMBER 6 ~ 1978 
SEPTEMBER· 7 ~ 1978 
SEPTEMBER 8; 1978 
SEPTEMBER 9; 1978 
SEPTEMBER 10,. 1978 
SEPTEMBER 11, 1978 
SEPTEMBER 12, . 1978 
SEPTEMBER 13, 1978 
SEPTEMBER 14, 1978 
SEPTEMBER 15; 1978 
SEPTEMBER 16; 1978-
S EPTEMBl;R 17, i978" 
SEPTEMBER 18, 1978 

. SEPTEMBER 19; 1978 
SEPTEMBER 20, 1978 
SEPTEMBER 21, 1978 
SEPTEMBER 22; 1978 
SEPTEMBER 23, 1978 
SEPTEMBER 24, 1978 

- SEPTEMBER. 25~ 1978 
SEPTEMBER 26, 1978 
SEPTEMBER 27, 1978 
SEPTEMBER 28, 1978 
SEPTEMBER 29, 1978. 
SEPTEMBER 30, 1978 

TABLE 2.3.1 (CONT'D) 

. JAM ES RIVER 
DISCHARGE AT RICHMOND 

· C.F.-S. ·. 

3456 
3944 
3986 
3568. 

·2990 
832 
832 
·814 

· 1994 
1924 
1854' 
1814 
i814 
1814 
1792 
1769, 
1746 
1724 
1638 
1594 
1551 
1551 
1679 · 

· 1852 
2122 
1924 
1769 
1656 
153_1 
1451 

CALCULATED 
JAMES RIVER 

DISCHARGE AT HOG POINT 
c.F.s. 

4868 
5555 
5614 
5025 
4211 
1172 *** 
1172 *** 
1146 *** 
2808 
2710 
2611 
2555 
2555 
2555 
2524 
2492 
2459 
2428 
2307 
2245 
2185 
2185 
2365 
2608 
2989 
2710 
2492 
2332 
2156 
2044 

*** CALCULATION BASED ON KANAWAH CANAL FLOW ONLY DUE TO MALFUNCTION 
OF JAM~S'RIVER GAGE 

2.3-10 · 
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DATE 

OCTOBER 1, 1978 
OCTOBER 2, 1978 
OCTOBER 3, 1978 

. OCTOBER 4, 1978 
OCTOBER 5, 1978 
OCTOBER 6, 1978 
OCTOBER 7, 1978 
OCTOBER 8, 1978 
OCTOBER 9, 1978 
OCTOBER 10, 1978 
OCTOBER 11, 1978 
OCTOBER 12,. 1978 
OCTOBER 13, 1978 
OCTOBER 14, 1978 
OCTOBER· 15, 1978 
OCTOBER 16, 1978 
OCTOBER 17, 1978 
OCTOBER 18, 1978 

e OCTOBER 19; 1978 
OCTOBER· 20; 1978 
0 CTOBER 21, 1978 
0 CTOBER 22, 1978 
OCTOBER 23, 1978 
OCTOBER 24, 1978 
OCTOBER 25, 1978 
OCTOBER 26, 1978 
OCTOBER 27, 1978 
OCTOBER 28; 1978 
DC TOBER 29, 1978 
OCTOBER 30, 1978 
OCTOBER 31~ 1978 

e 

TABLE 2.3.1 (CONT'D) 

JAMES RIVER 
DISCHARGE AT RICHMOND 

C.F.S. 

1471 
1451 
1351 
1391 
1415 
1471 
1589 
2032 
1854 
1571 
1476 
1384 
1522 
1471 
1471 
1347 
1459 
1692 
1746 
1746 
1679 
1724 
1769 
1511 

. 1471 
1431 
1471 
1531 

.1511 
1531 
1531 

2 .3-11 

CALCULATED 
JAMES RIVER 

DISCHARGE AT.HOG POINT 
t.F.S. 

2072 
2044 
1903 
1959 
1993 
2072 
2238 
2862 
2611 
2213 
2079 
1949 
2144 
2072 
2072 
1897 
2055 
2383 
2459 
2459 
2365 
2428-
2492 
2128 
2072 
2016 
2072 
2156 
2128 
2156 
2156 



·e . . 

-e 

TABLE 2.3.l (CONT'D) 

CALCULATED 
JAMES RIVER JAMES RIVER 

DATE DISCHARGE AT RICHMOND DiSCHARGE AT HOG POINT 
c.F.s. C.F.S~ 

! 

NOVEMBER 1, 1978 1511 2128 
NOVEMBER 2, 1978 1491 2100 
NOVEMBER 3, 1q18 1746 2459 
NOVEMBER .4; 1978 1702 2397. 
NOVEMBER 5, 1978 1679 2365 
NOVEMBER 6; 1978 1661 2339 
NOVEMBER 7, 1978 1571 2213 
NOVEMBER a, 1978 1594 2245 
NOVEMBER 9; 1978 1724 2428 
NOVEMBER 10, 1978 1724 2428 
NOVEMBER 11; 1978 . 1746 2459 
NOVEMBER i2, 1978 1769· 2492 
NOVEMBER 13, 1978 1746 2459 
NOVEMBER 14, i978 1702 2397· 
N OVEMBE:R 15, 1978 '1616 2276 
N.OVEMBER 16, 1978 1679 ··2365 

. NOVEMBER 17, 1978 1884 2654 
NOVEMBER 18, 1978 1992. 2806 
NOVEMBER 19, 1978 2460 3465 
NOVEMBER 20; 1978. 3162 4454 

.. NOVEMBER 21, 1978 1960 2761 ** 
NOVEMBER 22, 1978 i630 2296 ** 
NOVEMBER 23; 1q79 1340 1887 ** 
NOVEMBER 24, 1978 1340 1887 ** 
NOVEMBE~ 25, 1978 1250 1761 ** NOVEMBER 26, 1978 1220 ~ 1718 ** NOVEMBER 27, 1978 1320 1859 ** NOVEMBER 28; 1978 1430 2014 ** 
NOVEMBER 29; 19.78 · 1660 2338 **. 
NOVEMBER 30, 1978 3266 4600 

** CALCULATION BASED ON JAMES RIVER FLOW ONLY DUE TO MALFUNCTION 
OF. KANAWAH CANAL GAGE~ 

2.3-12 
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DATE 

DECEMBER-I, 1978 
DECEMBER 2, 1978 
DECEMBER 3, 1978 
DECEMBER 4~ 1978 
DECEMBER- 5, 1978· 
DECEMBER 6, 1978 
DECEMBER· 1, .1978 
DECEMBER 8, 1978 
DECEMBER 9, 1978 
DECEMBER 10, 1978 
DECEMBER U, 1978 
DECEMBER 12~ - 1978 
DECEMBER 13, 1978 
DECEMBER 14; 1978 
DECEMBER 15, 1978. 
D_ECEMBER 16, 1978 
DECEMBER 17, 1978' 

. DECEMBER 18, - i978. 
DECEMBER 19, i978 
DECEMBER 20;, 1978 
DECEMBER 21, 1978 
DECEMBER 22, 1978 

- D.ECEMBER ··23, 1978 
DEC EMBER 24, 1978 
DECEMBER 25 ~ 1978 
DECEMBER 26, 1978 
DECEMBER 27, 1978 
DECEMBER 2a, 1978 

. DECEMBER 29, 1978 
DECEMBER 30; 1978 
DECEMBER 31, i978 

TABLE 2.3.1 (CONT'D) 

JAMES RIVER 
DISCHARGE AT RICHMOND 

C •. F.S. 

3366 
3436 
3406 
3348 
3404 
4310 
5180· 
4542 
4680 
5350 
6010 
5860 
7560 
6230 
5292 
4662' 
4102 
3100 

. 3200 
3070 
2970 
3248 
2988 
2888 
3824 
6720 
6700 
7010 
7010 

. 5560 
5042 

CALCULATED 
JAMES RIVER 

DISCHARGE AT HOG POINT 
C.F.S. -

4741 
4840 
4797 
4716 
4794 
6071 
7296. 
6397 
6592 
7535 
8465 ** 8254 ** 10648 
8775 
6155 
6566 
5778 
4366 ** · 4507 ** 4324 ** 4183 ** ··4575 
4209 
4068 
5386 
9465 
9437 
9873 
9873 
7831 
7102 

· ** CALCULATION BASED ON JAMES RIVER FLOW ONLY DUE TO MALFUNCTION 
OF KANAWAH CANAL.GAGE. 

2.3-13 



3.1 

e 

PLANKTON 

Summary 

· Water samples for plankton analyses are collected. at each of 

six (6) stations as indicated in Figure 3. h-1. Samples are also 

collected in the intake and disch~rge canals., Phytoplankton samples 

are taken monthly and are analyzed quantitatively in terms of sample 

volume to determine.both the dominant genera of the community and the 

chlorophyll '.'a" content. Zooplari.kton samples are analyzed quantita­

tively in terms of sample volume to determine generic composition, 

life history stage and, where possible, species. The sampling 

interval is approximately monthly, taking into consideration life­

history information about important species in the area which have 

planktonic stages in. their life histories. 

Results 

The results of this survey are contained in the report 

prepared by the Virginia Institute of Marine Science entitled 

"Ecological Study of the Tidal Segment of the James River Encompassing 

Hog Point, 1978 Final Technical Report" dated February,"t979 which is. 

appended to this section as Appendix 3.0. 

Conclusions 

Please refer to the referenced report. 

3.1-1 

. I 



• 
Cl a 

0 

1000 0 1000 

a 

• e CJ 

• 
6. 

6. 
0 
Ill 

BIOLOGICAL SAl1PLE-STATI0NS 

• HOG 
ISLAND 

SURRY POWER 
STATION 

2 Nautical Milas JAMES RIVER 
2000 3000 Yards 

Trawl.· (Nekton)·· 
Seine (Nekton) 

Pl:ankton 
Fouling PJ.ates 

Benthos 

3.1-2 

Figure 3.1-1 

r 
-N-

I. 



3. 2 .. ATTACHED BENTHIC COMMUNITY 

Summary 

Fouling plates made of 125 x 75 asbestos boards are suspended 

1 meter above the bottom at the instrument tower locations shown in 

Figure 3.1-1 and are used to obtain samples. Two vertical and two 

horizontal plates are suspended at each indicated location. One of 

each pair is removed and replaced at bimonthly intervals; the other 

part is left in place for one year before being removed and replaced. 

The benthic communities attached to the plates are analyzed for species 

composition and diversity. 

Results 

The results of this survey are contained in the report prepared 

by the Virginia Institute of Marine Science entitled "Ecological Study 

of the Tidal Segment of the James River Encompassing Hog Point, 1978 

Final Technical Report" dated February, 1979 which is appended to this 

section as Appendix,3.0. 

Conclusions 

Please refer to the refereT1ced report. 

3.2-1 
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EPIBENTHOS 

Summary 

Replicate benthic grab samples.are collected at the stations 

shown in Figure 3.1.1. Collection is made on a quai::terlybasis, 

except during·June, July, and August when they are made monthly. 

Population characteristics such as species composition, diversity, even­

ness, redundancy, and richness are determined. The data are analyzed to 

detect changes in specific components of the epibenthic community 

including the brackish water clam Rangia cuneata and blue crab 

Callinectes sapidus. 

Results 

The results of this survey are contained in the report prepared 

by the Virginia Institute of Marine Science entitled "Ecological Study 

of the Tidal Segment of the James River Encompassing Hog Point, 1978 

Final Technical Repprt" dated February, 1979 which is appended to this 

report as Appendix 3.0. 

Conclusions 

Please refer to the referenced repprt. 

3.3-1 
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3.4 NEKTON· 

3.4.1 

Fisheries investigations.will be reported separately as results 

.from monthly surveys, from special seine surveys, from ichthyoplankton 

.entrainment study, and from thermal plume entrainment study. 

MONTHLY SURVEYS 

Monthly surveys employing beach seines and otter trawls have been 

conducted since May, 1970. Six years of data were analyzed and reported 

in the Semiannual Operating Report, July 1, 1975 th~ough December 31, 

1975 as a comparison of pre- and postoperative conditions. Da~a through 

August, 1976 have been analyzed·and; included in a report entitled "The 

Effects of Surry Power Station Operations .on Fishes of the Oligohaline 

Zone, James River, Virginia." 

Data for January-December, 1978 are presented as Tables 3.4.1-1 

through 3.4.1-7~ The cumulative account of the number of species, diver­

sity, evenness, and richness by year by season is presented as Figure 

3.4.1-L 

/ 

In all of the cases the following formulae were used: 

Diversity H' (Shannon-Wiener formula) 

s 
H' = 

Evenness -- J 

J = H' /log2S 

Richness - D 

. where 

D = (S-1) / log2 N 

N = total number of fish 

Ni= number of fish in a sample 

s = number of species 

i = sample number 

3.4.1-1 
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. TABLE 3,4.1-1- DIVERSITY .CH'), EVENESS (J), AND 

RICHNESS (D): COMPOSITES BY SEASON 

SEINE TRAWL 

H' J D H' J 

WINTER 1971 2.4630 0.7414 1.5115 . 1.9593 0.6181 

SPRING 1978 2.6870 o. 6117 2.1275 i.0853 0.3267 

SUMMER 1978 2.5593 0.5511 2.0853 1.6885 0.4049 

FALL 1978 1.9949 0.5240 1.2881 2.0087 0.5428 

3.4.1-3 

D 

0.7753 

0.8309 

1.5298 

1.1890 



.e e e 
TABLE. 3.4.1..,.2 DIV[:RSTIY IH' I FOR SEINE DATE SURRY 

. STATION 

HOG 
INTAKE INTAKE POINT CHIP OAKES GOOSE JAMESTOWN COLLEGE 

DATE SOUTH NORTH WEST' CREEK HILL ISLAND CREEK COMPOSITE 

1~18 0.0000 0.0000 1.6764 0.8454 . ·1.5850 0 .9183 2.2547 

2-78 1.0000 1.7925 1.5000 ~ 1.0000 . 2.5216 

3-78 1.0842 1.0949 0.0000 2.1181 104238 0.6988 ,-,l.1863 2.5549· 

4-78 1.5197 1.2389 0.9183 0.0000 1·.5850 1.0714 0.8842 1.7297 

5.-78 2.0000 3.0333 2.1800 1. 2075 2.2359 0.7295 2.2167 . 1.6649 . 

w . 
.i:- 6-78 0.7699 0.7728 2 .2783 1.5519 1~6288 o.7778 1.5428 1.5379 . 

I 
.i:- 7-78 lo5360 0.7669 1. 7791 1.6620 2.0588 2.18'.77 2 .3899 . 2.6924 

8-78 0;7046 2.2758 2.4540 2.5281 1.8685 2.5152 2 .2199 3.2575 

9-78 o.4251. 2.0252 2. 5l34 2.6145 1.3585 0.9792 1.0423 l.9949 

12-78 0.1231 o.3_912 0.0000 1.2403 0.0110 . 1.3548 0.2352 0.6219 



e e •• TABLE 3.4.1-3 D.IVERSTIY IH') FOR TRAWLDATE -- S.URRY 
l • 

STATION 

HOG DISCHARGE DISCHARGE DISCHARGE GOOSE 
DATE POINT INTAKE NORTH MIDDLE SOUTH HILL COMPOSITE 

1-78 1.1326 1.3713 1.6979 1.5887 1.4207 o.5917 1.9681 

2-7!3 1.2516 1.2635 1.3288 1!6313 1~5292 0.5665 1.6208 

3-78 0,2543 0.5913 1.5686 l. 4511 0.8790 0.5700 1.0406 

4-78 0.1914 0.2223 0.1004 0.8550 0.4167 1.5339 0. 7212 

w 5-78 0.6998 0.8707 1.9657 1.5892 1.6106 · · 1~9131 1.7.577 .. 
-l:-

I 
6-78 1.4009 · 2.1194 0. 2833 1.0978 1. 7181 2.1266 1.5188 

\Tl 

7-78 1.4514 1.6683 1. 2733 1.2949 o.6951 1.9691 1.3915 

8-78 2.1021· 2~2929 1.5026 2.0887 1.5361 1.5962 2.0550 

9-78 1.7611 2~ 5497 1.4329 1.6011 1.7015 1.6459 2.0087. 

12-78 0~9581 2 .• 0461 Z.2876 2.1367 2.5811 0.4808 1. 7296 

. 7 ...... 
/ 
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TABLE 3.4.1-4 EVENNESS IJI FOR SEINE DATA -- SURRY 
' 

STATION 

HOG 
INTAKE INTAKE POINT CHIPOAKES GOOSE JAMESTOWN COLLEGE 

DATE SOUTH NORTH WEST' CREEK HILL ISLAND CREEK COMPOSITE 

· 1.:.75 0.0000 0.0000 o.8382 0.8454 1.0000 .0.9183 0.8031 

2-78 1.0000 . 0.8962' 0.9464 . 1.0000 0.8982 

3-78 0.4194 o.6908 0.0000 0.9122 0~ 7119 0.3494 o.5931 0.6710 

4-78 0.7599 o.1a11 0.9183 0.0000 1.0000. 0.6760 0 .5579 0.6161 

5-78 1.0000 0.9131 0.8434 0.6038 0.9630 0.2301 0 .6673 0.4261 
) I.>,) 

" .i:-
" 6-78 0.2978 0.2753 0.8814 o.4896 0.5802 o.2593 o.5968 0.3762 

I 

"' 7-78 0.6615 0~3834 0 .5613 o.6429 0.8867 006103 0.9245 o. 7072 

8-78 0.7046 0.6578 0. 7742 0.1610 0.6656 o.8959 o.8588 0.7669 

9-78 o.1645 0.7835 0.9024 0.8248 o.8571 0.3788 o.s212 o .• 5240 

12-78 · Ool231 o.3912 0.0000 o.5342 o.ono 0.6774 0 .2352 0.2406 
) 

t 
! 

) 



e 
TABLE 3 .4.1-5 EVENNESS IJ > FOR. TRAWL DATA -- SURRY 

STATION 

HOG DISCHARGE DISCHARGE DISCHARGE GOOSE 
DATE POINT INTAKE NORTH MIDDLE SOUTH . HILL COMP05I TE 

1-78 o. 7146 0.6857 0.8174 0.6146 0.1104 o.5917 0 .6560 

2-78 0.7897 0.7972 0.5140 0~ 6311 0.5916 o.5665 o.5403 

3-78 o.2543 0.3731 0.6068 0.5614 o.5550 0.2850 0.3707 

4-78 0.1914 0.1111 0.3016 0.4275 001794 0~5934 0 .2790 

w 5-78 o.4416 0.5493 0.7604 0~6148 0.8053 0~7401 0.5859 . 
.i,-

6-78 0.1005 0.9128 0 .1417 0.5489 0.6646 0.9159 0 .457 2 
I 

'i 

7-78 o.5110 0.8342 0.4536 0;4316 0.2193 0~7618 0 .388 l 

8-78 0.1001 o. 7643 0.4740 0.6962 0.5120 0.5666 o.502s 

9-78 0.7565 0.9082 o."1165 0.5703 0.5672 0.4750 0.5428 

12-78 0~3413 0.7288 0. 6149 o. 7122 o.6143 Oe207l 0 .4824 



- e e 
(. 

TABLE 3.4.l-6 -- RICHNESS IOI. FOR SEINE DATA -- SURRY .. 

STATION 

HOG 
INTAKE INTAKE POINT CHIP OAKES GOOSE JAMESTOWN COLLEGE 

DATE SOUTH NORTH WEST GREEK HILL ISLAND GREEK COMPOSITE 

1-78 1.0000 1.0000 0.6175 0.2891 . 1.2619 0.6309 1.0743 

2'""7B 1~0000 . 1.1606 1.0000 . 1~0000 1.5759 

3-78 o.B6Ba 0.5253 1.0000 l.1563 o.1soo 0.6382 0.1500 1.8288 

4-78 o.7340 0.5405 0.6309 0.0000 1.2619 0.3509 0.4628 0.8831 

w 5-78 1.5000 1.9380 1. 2500 0.8368 1.4248 0.9745 1.4837 1.6022 . 
..i:-. 

6-78 0.8158 0.8628 0.8572 l.0835 1.0286 0.6905 0.7417 1.4900 
I 

c:, 

7-78 0.6117 0.537;! 1.1288 0.9460 1.2619 1.2414 1.2798 1.3468 

a..:75 o.1aoo l.3466 1.6468 1.5639 1.1894 1.1433 l.0292 2.0807 

9-78 o.5685 0.8365 1.3264 l.c,140 0.3709 0.5649 0 .6309 1.2881 

12-78 0.1450 0.2102 0.0000 0.6463 0.1456 0.6000 0.2127 o.s8i7 



• e :e 
TABLE 3.4.1-7 -- RICHNESS (D) FDR TRAWL DATA-~ SURRY 

STA TIDN 

HOG DISC HAR.GE DISCHARGE DISCHARGE GOOSE 
DATE POINT INTAKE · NORTH MIDDLE SOUTH HILL. COMPOSITE 

1-78 0.3459 o.6309 0.4990 0.6837 0.5495 0.3562 0.7687 

2-78 o.7737 0.3899 0.5782 0~7087 0.7055 0.2560 0.7365 

3-78 0.129.5 o.2896 0.6837 o. 7252 0.2901 o.5166 0.6240 

4-78 0. ~ ?66 0~4173 0.5213 o.3896 o.5456 0.8333 o.~H,8 

5-78 0.4076 0~3686 1.0000 ~-8.333 0.7879 0.9460 0 .8981 
w . 

' 
-1:'" 

6-78 o.so19 0.8152 0~4118 Q.6055 0.9002 1.0000 1.0102 
I 

I.O 
7-78 1.0426 0.4644 0. 7lbB 1.0153 o.B680 0.8500 1.0697 

~-78 1.2221 ·l.2822 1.0633 l.0810 o.9608 0.8992 i.1214 

9-78 0.6504 0,9464 0.6727 0.7967 0·.9314 l .098!:> 1.1890 

12-78 o. 7371 0.7835 1.1606 0.9354 1.3838 0.4786 1.0913 
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3.4.2 POPULATION ESTIMATES 

Several fish species inhabit the waters of the James River around Hog 

Island at certain stages in their life cycle during certain times_ of the year. 

In an effort to estimate numbers of fish inhabiting the shore zone waters 

during times of expected high population density ·in an area from the intake 

structure to the discharge groin, three sample stations (Hog Point-West, Hog 

Point-North, Hog Point-East) were sampled (Figure 3.4.2-1). Data are reported 

as Table 3.4.2-1. 

In order for population estimates to approach total populations of a 

species within a given area in any reliable manner, certain assumptions have to 

be made: (1) Fish are uniformly distributed throughout the area from the 

shoreline to 40 feet out from the shoreline; (2) Catch efficiency of a haul 

seine is about fifty percent; and (3) Sample station habitats, and therefore 

the entire multiplicity of shoreline habitats, are similar and equal in their 

ability to attract and support young fish. 

That these assumptions do not hold true, especially in the oligohaline 

reaches of tidal estuaries, is shown by the high degree of variability between 

and within species, between and within stations, and between replicates of a 

station. However, to fulfill the requirements of this section of the Surry 

Technical Specifications, the following methodology was used in an attempt to 

estimate populations. 

The shoreline between the discharge and intake is about 30,000 feet 

long and provides 400 possible 75-foot sampling stations. Sample values for 

all species have been projected to reflect the numbers of fish occupying a 

40-foot wide strip along this shore on the given sample days. 

3.4.2-1 
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A fifty-foot haul seine having 1/4 inch bar mesh netting was used to 

sample a premeasured 75-foot stretch of beach. A replicate sample was taken. 

within minutes of the first sample. 

A sample consisted of stretching the seine perpendicular to the shore, 

hauling it 50 feet and then having the offshore man bring his end ashore in an 

arc about 25 feet further along the beach as shown below. 

DIRECTION OF TOW . 
.µ 
~ 

0 ...;t. 

-

50 ft. 

...... 

' ' ' " '\ 
\ 

25 ft. 

\ 
1 
\ . 

SEINE BROUGHT ASHORE 
ALONG THIS PATH 

Hence, a small portion of the sample unit (about 8-10%) is not covered. The 

population est:imates do not include an expansion for this unsampled area and 

thus should consistently underestimate the population values by a·small amount. 

It should be pointed out that all of the species sampled, within the 

size ranges taken, are schooling species except for possibly spottail shiner, 

golden shiner, channel catfish, and white perch. Schooling will also cause 

large variances to be associated with population estimates. 

3.4.2-2 
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TABLE 3 .4.2-1 
POPULATION ESTIMATES AROUND HOG POINT 

STD EST IS THE STANDARD DEVIATION OF THE ESTIMATE e . . . 
------------------------------- SP=ALOSA AESTIVAtIS --------------------------------

·-

. DATE 

780323 

780504 

780907 

781012 

781013 

TOTAL 

2 

l 

l 

9 

SAMPLES 

6 

.6 

6 

10 

6 

3,4.2-4 

EST 

133.3 

66.7 

66.7 

66.7 

600.0 

STD EST 

84.328 

66.659 

66.659 

51.634 

409.880 

STAGE 

J 

J 

J 

J 

.J 



TABLE 3.4.2-1 
·PO PU LAT ION ESTIMATES AROUND HOG POINT 

STD EST IS THE STANDARD DEVIATION OF THE ESTIMATE - ' ' -------------------·----·-- SP=ANCHOA MITCHILLI ------- ·------------------
DATE TOTAL SAMPLES EST - STD EST STAGE 

780421 45 6 3000.2 1864.05 J/A 

780504 35 6 2333.5 802.78 J/A 

780602 l 6 66.7 66.66 A 

780706 4 6 266.7 168.66. A 

780727 11 6 733.4 733.34 J/A 

780803 5 6 333.3 261.62 A 

780822 l 6 66.7 66.66 A 

' 
·780907 13 6 866.7 578.89 PL/J 

' 
781011 - 19 14 542.9 349.84 J/A 

781012 - 51 10 2040.0 1014.47 J/A 

781013 52 6 3466.8 2092.96 J/A 

e 

J.4.2-5 



TABLE 3.4.2-1 
- POPULATION ESTIMATES AROUND HOG POINT 

STD EST IS THE STANDARD DEVIATION OF THE ESTIMATE 

--~-------------~_: ___ ..;,._..;._..;._.;.. SP=ANGUILLA ROSTRATA ----------------------------

e 

DATE 

780330 

TOTAL 

1 

SAMPLES 

6 

3.4.2-6 

EST 

66.7 

STD EST 

66.6591 

STAGE 

J 

----- ----------I 



TABLE 3.4.2-1 
POPULATION ESTIMATES AROUND HOG POINT 

STD EST IS THE STANDARD DEVIATION OF THE ESTIMATE 

tit.~~~· -----~~------------ SP=BREVOORTIA TYRANNUS . ---~-------· -------------.-
DATE TOTAL SAMPLES EST STD EST STAGE 

780421 23 6 1533 1080 L 

780504 2 6 133 84 L 

780602 3051 6 203410 156618 L/J 

·780706 42 6 2800 2800 ·. J 

780727 72 6 4800 3207 J/A 

780803 4592 6 306149 302300 J 

780822 15 6 1000 771 J 

780907 15 6 1000 683 J 

781011 3 14 86 62 J 

78101.2 12 10 480 341 .J 

781013 126 6 8400 8320 J 

e 

3.4.2-7 



TABLE 3.4.2-1. 
POPULATION ESTIMATES AROUND HOG POINT 

STD EST IS THE STANDARD ·DEVIATION OF THE ESTIMATE 

-----~------------------ SP=C YPR INUS CARP lO 

e 

DATE 

780330 

780602 

780907 

·TOTAL 

2 

5 

1 

SAMPLES 

6 

6 

6 

3-.4 .. 2-8 

EST 

133~3 

333.3 . 

66.7 

STD EST 

84.328 

261.620 

66.659 

STAGE 

A 

J. 

A 



TABLE 3.4.2-1 
POPULATION ESTIMATES AROUND HOG POINT 

STD EST IS THE STANDARD DEVIATION OF THE ESTIMATE 

. -------------~---..:.-----~ SP=DOROS0MA CEPEDIANUM ----- ;---------------------
DATE TOTAL SAMPLES EST STD EST STAGE 

780323- 3 6 200.0 200.001 A 

780330 4 6 266.7 84.328 J/A 

780727 3 6 200.0 200.001 A 

780803 .5 6 333.3 261.620 J 

780907 18 6 1200.1 677.252 J 

·781011 2 14 57.1 57;143 J 

781012 4 10 160.0 160.000 J 

e 

3.4.2-9 



TABLE 3.4.2-1 . 
POPULATION ESTIMATES AROUNb HOG POINT 

STD EST IS THE STANDARD bEVIATION OF THE ESTIMATE 

·---· -----~--. ------~--~--- SP=FUNDULUS DIAPHANUS 

DATE 

780616 

TOTAL 

6 

SAMPLES 

6 .. 

3.4.2-10 

EST 

1+00 

. . . -------------------------------
STD EST. 

1.03 .28 

. . 

STAGE 

A 



TABLE 3.4.2-1 
POPULATiON ESTIMATES AROUND HOG POINT 

· STD EST IS THE STANDARD DEViATION OF THE ESTIMATE 

- -------~---~---~-.;..-~----~ SP=FUNDUl.U.S. HETEROCL ITUS ------- · ____________ _;,_ __ _ 

DATE TOTAL 

780323 30 

780330 17 

780421 4 · 

780504 15 

78060-2 · · 15 

780616 36 

780706 29 

780727 13, 

780822 . · 6 

780907 1 

781011 -. 82 

.. e 781012 7 

SAMPLES 

6 

6 

6. 

6 

-6 

6 

6 

6 

6 

6 

14 

10 

EST STD EST STAGE 

2obo.1 946.58 J/A 

113~.4 747.74 J/A 

266.7 . 266.67 J/A 

1000.l 683~13 J/A 
i 

1000.l 728.47 J/A 

2400.l 957.78 J/-A 

1933.4 · 1698.37 A 

866.7 392.l~ A 

400~0 252.98 J 

66.7 66.66 A 

. 2342.9 1212.29 J/A 

280.0 280.00. J/A 

3.4.2-n 
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TABLE 3.4.2-l 
POPULATION ESTIMATES AROUND HOG POINT _-_ e _ STD EST IS THE STANDARD DEVIATION OF THE ·ESTIMATE · 

-----------------------~------ SP=ICTALURUS NEBULOSUS ----- -------------- - -------

e 

DATE 

780803 

TOTAL 

2 

SAMPLES 

6 

3.4.2-12 

EST 

133.3 

STD EST 

84.3278. 

STAGE_ 

J 



DATE · TOTAL SAMPLES 

780421 l 

3.4.2-13 

· EST 

66.7 

STD EST 

66 .6591 

STAGE 

A· 



TABLE 3.4.2-1 
POPULATION ESTIMATES.AROUND HOG POINT e ··. . . STD EST IS THE STANDARD DEVIATION OF THE\ ESTIMATE 

-----~-- ------------------- SP=LEIOSTOMUS XANTHURUS ------------------------------

e 

DATE 

780421 

780504 

780602 

1'80616. 

780706 

780727. 

780803 

780822 

780907 

1·010·11 

781012 

781013· 

TOTAL 

4 

2 

71 

9 

10 

51 

14 

7 

59 

202 

197 

16 -

SAMPLES 

6 

6 

6 

6 

6 

6 

6 

6 

6 '. 

14 

10 

6 

3,4.2-14 

EST 

266~7 

133~3-

4733.6 

600.0 

666.7 

3400;.2 

933.4 

466.7 

3933.5 

5771.4 

13134.0 

1066.7 

STD EST 

84.33 

84.33 

1320.27 

458.99 

1481.45 

552.97 

240.37 

1888.69 

1592.13 

7111.64 

910.19 

STAGE 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 



TABLE 3.4.2-1 
POPULATION ESTIMATES AROUND HOG POINT 

STD EST IS THE STANDARb DEVIATION OF THE ESTIMATE 

-------------------~------- S P=LEPOMI S GIB BOS US -------------------------------

-e 

DATE 

780727 

781012 

781013 

TOTAL 

1 

1 

1 

SAMPLES 

6 

10 

6 

3,4.2-15 

EST 

66.7 

66.1· 

66.7 

STD EST 

66.6591 

51.6337 

66.6591 

STAGE 

J 

J 

J 



TABLE 3.4.2-1 
POPULATION ESTIMATES AROUND HOG POINT 

STD 1EST IS THE STANDARD DEVIATION OF THE ESTIMATE 

-------· __________ _: _______ SP=M EMBRAS MART IN ICA ----------------------------

DATE TOTAL SAMPLES EST STD EST STAGE 

780602 5 6 333.3 26L,620 A 

780706 2 6 1-33 .3 84~328 A 

780727 4 6 266.7 133 .334 A 

780803 1 6· 66~7 66.659 A 

780907 l 6 66 .. 7 66.659 A 

781011 5 14 142.9 142.857 J/A . 
781012 1 10 66.7 51.634 A 

J.4.2-16 



TABLE 3.4.2-1 
POPULATION ESTIMATES AROUND HOG POINT 

· STD. EST ts THE STANDARD DEVIATION OF THE ESTIMATE 

tll.---~-------~--.. _.;._ __ ~-~~---- SP=MENIDIA BER YLLINA -----------------------------· -
DATE TOTAL SAMPLES EST STD EST STAGE 

780323 · 6 6 400.0 178.89 A 

, 780330 . 15 .6 1000.1 · 422.69 J/A 

'78'0421 11 6. · 733.4 510.34 J/A 

78050.4 11 6 733.4 530.83 J/A 
I 

780602· 9 6 600.0 322.49 A 

780616 6 6 400 •. 0. 32.6.60 A 

780706 2 6 133.3 133.33 A 

780727 8 6 5·33.4 533.34 J/A 

'780803 2- 6 133.3 133.33 .A 

780907 5 6 333.3 261~62 J 

701011 136 14 3885.7 2276.08 J/A - ' 

781012 26 ,, 10, 1040.0. 400.89. J/A 

781,013 19 6 1266.7 747.74 J/A 

781102 23 .6 1533.4 443.22 J/A 

... ,_.. ·: t 



TABLE 3.4.2.-1 
POPULATION ESTIMATES AROUND HOG POINT 

STD EST IS THE STANDARD DEVIATION OF THE ESTIMATE 

.· _.;.._...;_·--------· ------~----_; ___ SP=MENIDIA. MEN ID IA ______ .;.._; ________________ ;... ___ _ 

DATE 

780504 

780616' 

780706 

780727 

780803 

780822 

780907 

'781011 

781012 

781013 

781102 

TOTAL' 

2 

15 

34 

105 

27 

11 

· 18 

427 

231 

34 

114 

SAMPLES 

6 

6 

6 

6 

6 

6· 

6 

14 

10 

6 

6 

EST 

133.3 

1000.1 

2266.8 

7000.4 

1800. l 

733.4 

5200.3 

12200.0 

9240.0 

2266.8 

7600.4 

3.4.2-18 

STD EST 

84.33 

651.16 

1250.78 

2983.97 

524.09 

578.89 

1642.77 

4537.85 

3748~28 

480.74 

3088.05 

STAGE 

A 

J 

J/A 

J/A 

A 

A 

A 

A 

A 

A 

A 



TABLE 3.4.2-1 
POPULATION ESTIMATES AROUND HOG POINT 

STD EST IS THE STANDARD DEVIATION OF THE ESTIMATE - . ----------------------------- SP=MICROPOGON UNDULATUS ------------------------------

e 

DATE 

780907 

TOTAL 

2 

SAMPLES 

6 

3,4.2-19 

EST 

133 .3 

STD EST 

133 .334 

STAGE 
' 

J 



,! 

TABLE 3.4.2-1 
POPULATION EST-IMA TES AROUND HOG POINT 

STD EST IS THE STANDARD DEVIATION OF THE ESTIMATE. --- · .. -- · ______ ·-·. ---··- SP=MORONE AMERICANA ---· --------------------------- i 
.. I 

DATE TOTAL SAMPLES EST STD EST STAGE I 

780330 3 6 . 20.0.0 · 136.627 J 

780421 ' 4· 6 266.7 .168.656 J 

780504 2 6 133.3 84.328 J 

780602 1 6 466.7 217.052 A 

780706 13 6 866.7 316.931 J· 

780721· 3 6 200.0 89.443 J· 

780803 2 6 133.3 84.3.28 J 

780822 6 6 400.0 103.280 J/A 

780907 23 6 1533 ~4 656.593 J/A 

781011 58 14 1657.1 765.012 J/A 

-
781012. 12· 10. 480.0 271.948 J/A e· 781013 9 6 600.0 409.880 J/A 

781102 9 6 . 600~0 524.089 J/A 

3,4.2-20 



TABLE 3.4.2-1 
. POPULATION ESTIMATES AROUND HOG POINT 

STD EST IS THE STAN DARO' DEVIATION dF.' THE ESTIMATE 

-----· ___ :__. --· _.:_ ___ .._ __ SP=MORONE SAXATILIS. -.;.------. ---------. -.;.--.-~---· -, 

DATE TOTAL SAMPLES EST STD EST STAGE 

780504 3 6 200.0 136.627 J 

780602 9 6 600.0 382.972 J 

780616 23 6 ·1533.4 578.890 J 

780706_ 5 6 .333 .3 261.620 J. 

780727, 2 6 133.3 84.328 J 

780803 · 6· 6 400.0 '326.600 ~ 

780822 l 6 66.7 66.659 J 

780907 5 6 333-.3 160.555 J 

781011 3 14 85.7 45.522 J 

78i012 5 10 200.0 89.443 J 

781013' l.' 6 66.7 66~659 J 

e 

3,4.2-21 

-



TABLE 3.4.2-1 
POPULATION ESTIMATES AROUND 

STD EST IS THE STANDARD DEVIATION 
HOG POINT 
OF THE ESTIMATE 

tit ____ --------- · ------------ SP.=MUGIL CEPHALUS ----· -- ·-----------------------
DATE TOTAL SAMPLES EST STD EST STAGE 

780421 16 6 1066.7 l066.o7 J 

780727 6 6 400 .o. 273.25 J 

780803 2 6 133 .3 84.33 J/A 

781012 l 10 66.7 51.63 A 

781102 3 6 200.0 200.00 A 

3,4,2-22 



TABLE 3.4 .2-1 
POPULATION ESTIMATES AROUND HOG POINT 

STD· EST IS THE STANDARD DEVIATION OF THE ESTIMATE 

tt-~-------------.~-----~-~-- SP=NOTEMIGONUS CRYSOLEUCAS --- ·------------------------

DATE TOTAL SAMPLES EST STD EST STAGE 

780330 2 6 133.3 133.334 J/A 

780504 1 6 66.7 66.659 J 

780602 2 6 133.3 84.328 A 

780907 2 6 133.3 133.334 A 

781013 . l 6 66.7 66.659 A 

3.4.2-23 

e 



TABLE 3.4.2-1 
POPULATION.ESTIMATES AROUND HOG POINT · e . . STD EST IS THE STANDARD. DEVIATION OF THE ESTIMATE 

-------~~------------~------ .SP=NOTROPIS HUDSONIUS -----------~------~-----------

DATE·. TOTAL SAMPLES EST STD EST STAGE 

780323 l 6 66.7 66.659 A 

780330 1 6 66.7 66.659 A 

· 780421 l 6 66.7 66.659 A 

780616 2 6 133.3 133.334 J 

780706 l 6 66.7 66.659 J 

780727 7 6 466. 7 299.631 J 

780803 4 6 266.7 197.766 · J 

780907 6 6 · 400.0 400.002 J 

781011 6 14 171~4 69.082 J/A 

781012 3 10 120.0 85.375 A 

-· 78101.3 l 6 66.7 66.659 A 

3.4.2-24 



TABLE 3.4.2-1 
POPULATION ESTIMATES AROUND HOG POINT 

STD EST IS THE STANDARD DEVIATION OF THE ESTIMATE 

. •--~--· ---~---~-~---------- SP=PERCA FLAVESCENS - --- --· ----------------· 

e. 

-· 

DATE 

780602 

781013 

TOTAL 

4 

1 

SAMPLES 

6 

6 

EST 

266.7 

66.7 

3.4.2-25 

STD EST 

133.334 

66.659 

STAGE 

J 

J 



TABLE 3.4.2-1 
POPULATION ESTIMATES AROUND HOG POINT 

.STD EST IS THE STANDARD DEVIATION OF THE ESTIMATE 

-----· -----------~---~--.,......;~- SP=POMATOMUS SALTATRIX ----------------------------

e 

DATE 

780706 

780727 

780803 

780822 

781012 

TOTAL 

3 

4 

2 

3 

1 

SAMPLES 

6 

6 

6 

6 

10 

EST 

200.0 

266.7 

133.3 

200.0 

66.7 

STD EST 

136.627 

133~334 

133.334 

89.443 

51.634 

STAGE 

J 

J 

J 

J 

J 



TABLE 3.4.2-1 
POPULATION ESTIMATES AROUND HOG POINT 

STD EST IS THE STANDARD DEVIATION OF THE ESTIMATE 

• ..: __ :.__,..._.;.. _ _: ____ ...,. __ ... ..,...;;_ ____ .;.._ SP=STRONGYLURA MARINA ---- · ----------------- . ---

DATE 

780822 

781012 

781102 . 

TOTAL 

l 

3 

2 

SAMPLES 

6 

10 

6 

EST 

66. 7. 

120.0 

133 .3 

STD EST 

66.659 

85.375 

13.3.334 

STAGE 

A 

A 

A 

-, 



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

TABLE 3.4.2-1 
POPULATION ESTIMATES AROUND HOG POINT. 

STD EST IS THE STANDARD DEVIATION OF THE ESTIMATE 

tt _______________ . ------------- SP=TRINECTES MACULATUS ------------------------------

e 

DATE 

781102 

TOTAL 

l· 

SAMPLES 

6 

3. 4 .. 2-28 

EST 

66.7 

STD EST 

66.6591 

STAGE 

A 



3.5.1 THERMAL PLUME ENTRAINMENT OF ICHTHYOPLANKTON 

Please refer to the following report by the Virginia 

Institute of Marine Science for preliminary results and conclusions. 

3.5.1-0 



3.5.1 Thermal Plume Ent~ainment of lchthyoplankton 

Section II b. 

THERMAL PLUME ENTRAINMENT OF ICHTHYOPLANKTON 

AT VEPCO NUCLEAR POWER STATION . 

by 

John V. Merriner 

A. Deane Estes 

and 

Robert K. Dias 
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INTRODUCTION 

Thermal plume ichthyoplankton sampling was initiated 

at VEPCO Surry Nuclear ··Power Plant in August 1975 · by: the 

Ichthyology Department of Virginia Inf5titute of Marine 

Science.. Objectives of this study were to assess the kinds 

and amounts of ichthyoplankton being entrained from the 

waters of.Cobham Bay, James River by the thermal effluent 

from the facility. 

Heated effluent from the Surry facility travels through 

the discharge ~anal where some cooling occurs. The canal is 

constricted at the discharge point to increase water 

velocity as it enters the river. In achieving this, con­

siderable·turbulence is created, promoting faster mixing, 

thus reducing the area of thermal impact to the immediate 

vicinity of the discharg·e point. Most ichthyoplankton are 

pelagic and unable to effectively negotiate water currents. 

As Cobham Bay water mixes with the thermal effluent, 

ichthyofauna therein are entrained and. carried along with 

the thermal plume. 

VEPCO Surry is located near the freshwater to marine 

transition zone of the James River, thus the ichthyofauna 

varies considerably as salinity fluctuates with seasonal 

and short-term weather patterns affecting the James River 

dishcharge. Eighty-four fish species representing 38 

families have been reported from the ~icinity of Hog Island 

(White, 1976); species reported ranged from strictly_ 
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freshwater to polyhaline forms. Many species are represented 

only as juvenile and adult life stages. As such, they are 

capable of negotiat1.ng the currents in the thermal plume 

and are not subject t~ entrainment. Other species utilize 

the area as spawning areas (engraulids, gobiids), nursery 

areas (sciaenids,. Brevoortia), and as migration route (Alosa, 

Merone, Anguilla). Many freshwater and several anadromous 

species spawn upriver from: Hog Island; however, in years 

that salinities are depressed during spawning times, spawn­

ing may occur near Hog Island. Larvae and postlarvae of 

these species might then occur near VEPCO Surry and be 

subject to entrainment. 

Species lists and abundance of ichthyoplankton captured 

in and near the thermal plume from VEPCO Surry are presented­

along with ranges of salinity, dissolved oxygen, and tem­

perature during sampling visits. Species composition, 

trends of abundance, statistical analyses of the data set 

(1978),_ and entrainment impact upon the ichthyofc;1.una near 

Hog Island are discussed. 

Sampling visits for plant and thermal plume ichthyo­

plankton entrainment from January through December 1978 

are presented in Table·l. Sampling intensity for plume en­

trainment reflects anticipated periods of greatest s~awning 

activity (April, May) and periods of critical water temper­

ature elevations (~T) i.e., August. 
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METHODS AND .MATERIALS 

Thermal plume ichthyoplankton sampling employed the use 

of a 0.5 meter paired.net appar~tus (Fig. 1) equipped with 

conical Nitex nets (505 µ mesh) and General Oceanics Digital 

Flowmeters (Model 2030). The unit was selected as the best 

sampling gear for the plume study after reviewing gear 

evaluation studies conducted for the plant entrainment 

sampling program. (Merriner and Estes, 1975). Flowmeters. 

were periodically calibrated in the VIMS flume. For towing, 

lead weights and.a bridle of 0.25 inch braided nylon rope 

were added to the net apparatus. 

Sampling sites (Fig. 2) were: (1) mid-channel in the 

discharge canal at the roadway bridge; . (2) plume area where 

water temperatures exceed ambient water temperatures by 

5 C; and (3) that area of Cobham Bay where ambient water 

temperatures exist. Two tows each were niade in the plume 

area and ambient river water; one tow was made in the dis­

charge canal. Stepped oblique tows of 5:...minute duration· 

were made with bottom, midwater, and surface steps per tow. 

The nets fished at each depth for approximately 1 minute 

and. 40 seconds. The boat's engine was operated at 900 RPM, 

except in the discharge canal where the boat was tied to 

the roadway bridge. 

Water temperature, dissolved oxygen, and salinity were 

taken in the discharge canal, at the end of tow 1, and at 

the end of tow 3. Data were taken at surface, midwater, 
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and bottom depths except where water was less than 4 meters 

-deep. For the latter, only surface and bottom data were 

obtained. Salinity samples were returned to VIMS for 

analysis with a Beckman RS-7 induction salinometer. 

Dissolved oxygen samples were fixed in the field for 

laboratory analysis by the Winkler Titration Method. Water 

temperature was measured to the nearest degree with a stem 

thermometer (-35 C to 50 C, 1 C interval). .sea state, 

weather, turbidity, etc. were recorded at the time of 

sampling. 

Sampling at low slack tide would theoretically. locate 

·the plume in the same relative position during sampling 

visits, except for minor deviations due to meterological 

conditions (wind, ·rain, etc.) that influenced river flow 

during· any given sampling period. This reduced total 

sampling time and provided relatively constant water depths 

for sampling. At low slack tide, the plume generally 

flowed straight out from the discharge: canal and then pent 

slightly upriver (Fig. 2). 
. 

Ichthyoplankton samples were preserved with approxi-

mately 5% formalin, and returned to VIMS for sorting, 

enumeration, and identification. Data were tabulated and 

punched on ADP cards for analysis. 

The most useful key for the identification of fish 

eggs and larvae has been a manual by Lippson and Moran (1974). 
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Where identification of ·1arvae was·dependent upon accurate 

myomere counts, larvae were cleared and stained (Mook and 

Wilcox, 1974). 

Vessels and operators for sampling stations were 

provided by VEPCO. Two VIMS project personnel were required 

to conduct each shift (day; night) of plume sampling~ 

. All calculations and conclusions presented in this 

report are based on·number of organisms per 100 cubic 

meters of water .strained unless otherwise stated.~ 

Statistical Methods 

Catch data were subjected to statistical analysis (a) 

to determine the significant spatial and temporal trends in 

the ichthyoplankton community, (b) to develop regression 

models which identify the major environmental factors of 

.importance to community structure, and (c) to assess 

significant patterns in two dominant fish populations 

(Anchoa mitchilli and Gobiosoma bosci). 

Six dependent or response variables (Yi)· which reflect 

overall community structure were included in the analysis; 

these were total abundance of fish, abundance of fish 

spec~es, fish species diversity (Shannon index), total 

abundance of eggs, .abundance of egg species, and egg species 

diversity. The abundance of A. mitchilli fish,~- mitchilli 

eggs, and_£. bosci fish were also included as dependent 

variables. [NOTE: For simplicity throughout this report, 

the species abundance and species diversity of the egg 
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stage are referred to as egg species abundance and egg 

. species diversity, respectively.] 

Measures of abundance were computed as Y. = log 
l. e 

(C. + 1), where Y. is abundance and C. is standardized 
l. l. l. . 

catch of collection i (i.e. number captured per 100 cubic 

meters of water strained per collection). Logarithmic 

transformation of the catch data was necessary to convert 
-· 

discrete variables to continuous form and to remove 

heterogeneity and non-norma_lity·from the data. Measures 

of speci~s diversity were not log-transformed and were 

analyzed in their original scale. 

Nine independent variables (X.) were cnosen for analy-
J 

sis: water temperature, salinity, dissolved oxygen and 

dununy variables for sampling locations (plume and ambient), 

period and seasons (fall, winter and spring). Table 2 

sununarizes notation and defines the dependent and independent 

variables. 

Multiple regression was selected as. the major method 

to analyze trends in the response variables for the following 

reasons: 

(a) Complex multivariate relationships exist between 

the abundance of fish and eggs and environmental variables; 

as a. descriptive tool, multiple regression can give a con­

cise sununary of these relationships. 

(b) Field survey data are confounded by numerous 

factors since such surveys are observational in nature 
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rather.than controlled; multiple regression allows for 

coritro1·.of some of. these confounding factors by the use of 

·. "dummy" (categorical) variables. Also, each partial re­

gression coefficient is computed as if the other variables 

in the equation are held constant, thereby removing their 

confounding effects. 

(c) The ability to accurately predict the effects of 
-

environmental·change or modification upon living resources 

is an ultimate goal; multiple regression techniques can he 

used to develop empirical models with predictive capabilities. 

Stepwise regression techniques (Draper :·and Smith, 1966) 

were used to develop the 11 best 11 regression equation for each 

Y. in the following manner: 
1 

(a) The dependent variables were plotted against· 

environmental (independent) variables and the data were 

transformed where necessary. 

(b) Matrices of simple correlation coefficients of de­

pendent and independent variables and.selected transforma~· 

. tions were computed. 

(c) Using the multiple regression model 

+BX +e:, p p 

where Yi is abundance or species diversity, ·Xj is some 

function of one of the selected environmental variables, and 

B. is a partial regression coefficient, a stepwise regression 
J 

was performed to identify" those parameters which explain a 

significant portion of the variation in the model. 
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(d) For each final regression equation residuals were 

analyzed to detect possible violations of the basic 

assumptions that the errors were independent, had zero 

mean, constant variance and followed a normal distribution. 

Computations were made using SPSS version 6.02 (Nie, 

et. al., 1975). Independent variables were retained in the 

equations if their partial regression coefficients (b.) 
. . J 

could be declared significantly different from zero at 

P<0.10. Equations for the community structure variables 

(Y 1 through Y6 , Table 2) were based upon data from January 

through December 1978. Equations for~- mitchilli and G. · 

bosci (Y 7 through Y9 ) were based on data from May through 

October 1978, the time period in which eggs and larvae of 

these species are known to occur. 
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RESULTS AND DISCUSSION 

Seasonal Trends in Species.Composition and· Abundance 

Number of species (fish) increased slightly from 

January through March (Table 3; Fig. 3). Counts then in­

creased two-fold in April and remained high through June 

though numbers fluctuated slightly. Species counts .declined 

slightly in July and fluctuated at moderate counts (4 to 6) 

through October. November counts declined slightly, and 

early-December counts increased but mid-December counts de­

creased again. The highest species count was recorded 

during the night station on 31 May and lowest counts were 

recorded on the day stations of February and mid-March •. 

Species counts at night generally exceeded counts in day­

light. 

Species counts during daytime in the thermal plume 

exceeded counts in the discharge canal on all but six 

sampling visits (Fig. 4). The thermal plume contained 

species that were not captured in the discharge canal on 

five of those six visits. 

Specific counts during nighttime in the thermal plume 

exceeded counts in the discharge on all but five sampling 

visits (Fig. 5). The thermal plume contained species that 

were not captured in the discharge canal on three of those 

five visits. 

Fish eggs were captured from March through S~ptember 

(Table 3; Fig. 6). Species counts of eggs were low in 
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March, increased to the highest counts in early-April, 

and remained high through mid-May. Counts thereafter de­

clined to low numbers and remained low through September. 

Species counts of fish eggs during daylight in the 

plume exceeded counts in the discharge canal on six sampling 

visits (Fig. 7). Discharge canal counts exceeded thermal 

plume counts on one occasion. Species counts in the thermal 

plume at night exceeded counts in the discharge canal on 

seven sampling visits (Fig. 8). Discharge canal counts 

exceeded thermal plume counts on two occasions. When 

counts were the same in the discharge canal and thermal 

plume, different species were captured in the thermal plume 

once. 

Species counts of fish and fish eggs between the 

thermal plume and discharge canal indicate some ichthyo­

plankton entrainment by the thermal plume. 

Average number of fish per sample (100 m3
) was low 

from January through March (Fig. 9). Concentrations in­

creased in early-April but decreased gradually through the 

month. Abundance again increased in early-May but dropped 

during the last sampling visit.in May. Concentrations 

then increased sharply with the influx of naked goby 

(Gobiosoma bosci) and bay anchovy (Anchoa mitchilli) and 

remained high throughout the summer months. Abundance then 

gradually declined through October but stabilized at low 

concentrations during November and December as postlarval 

and juvenile croaker entered the area. 
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Nighttime catch exceeded daytime catch on all but four 

sampling visits (Fig. 9). During summer months ni.ghttime 

catches exceeded daytime catches two to ·three-fold. 

Average catch per sample (by·site) for both daytime 

and nighttime sampling revealed no consistent trends in 

catch at any sampling site (Table 4; Figs. 10 and 11) • 
. 

However, during August, sampling in the discharge canal 

yielded higher catches than the plume area except during 

·daytime sampling on 22 August. 

Catches of fish eggs in 1978 was greatly reduced from 

those in 1977 (Jordan et. al., 1978). Abundance of fish 

eggs was low except during early-April and early-May (Fig. 

12). -Several other sampling :runs in June, July, and 

August yielded moderate concentrations of fish eggs. 

Highest catch of eggs tended to be in the discharge canal 

during daytime samples (Fig. 13). During April, highest 

nighttime catches were made in the plume but before and 

. after April, no trends were evident (Fig. 14). 

Bay anchovy and naked goby were the dominant species 

captured in 1978 plume entrainment samples (Tables 5 and 6). 

Bay anchovy ~ggs, larvae and postlarvae were taken from late 

spring through early fall. Juveniles and adult were taken 

all year, but they were captured more frequently in winter 

and early spring. Larval bay anchovy were taken ·from May 

through October in' concentrations generally less than l/m 3 
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(Table 5). Naked goby larvae and postlarvae were captured 

from May through October and were the most abundant fishes 

captured (Table 5). Concentrations of naked goby were 

usually less than 2/m 3 and highest concentrations were 6/m 3
• 

Spot (Leiostomus xanthurus) and Atlantic croaker 

(Micropogon undulatus) were captured seasonally (Table 5); 

spot were captured in springtime samples and croaker were 

captured during fall samples._. Both were usually present 

in concentrations less than l/m 3 at all sampling sites. 

Sciaenids are hatched offshore and thereafter migrate 

into Atlantic coast estuaries which serve as nursery areas 

for postlarvae and juveniles. The James River is one such 

estuary and the area near Hog Point is part of the sciaenid 

nursery area. These postlarvae and juveniles are subject 

to entrainment by the thermal plume until they reach a size· 

at which they can effectively overcome the turbulence in 

the mixing zone. 

Atlantic menhaden (Brevoortia tyrannus) were taken in 

April and May samples as the pre-juveniles entered the 

estuarine nursery grounds (Table 5). However, densities 

were less than l/m 3
• 

Striped bass (Merone saxatilis) and white perch 

(Merone americana) larvae and postlarvae were frequently 

captured in springtime samples (Table 5). Concentrations 

were less than l/m 3 but more larvae were captured in 1978 

than in any ·.previous year. White perch were consistently 
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taken in the thermal plume and ambient river areas but few 

were taken in_the discharge canal. Striped bass were also 

·_ captured most often in the thermal plume and. ambient 

river areas. White perch eggs were taken frequently in 

April and May samples but only a few striped ·bass eggs 

were taken. 

River herring (Alosa species) and American shad (Alosa 

sapidissima) ·eggs and larvae were also taken in greater 

concentrations than in all previous years (Tables 5 and 6). 

Generally, their concentrations were less than l/m 3
• 

Altantic silverside (Menidia menidia), Tidewater 

silverside (Menidia beryllina) and rough silverside 

(Mernbras martinica) were captured throughout the year 

(Tables 5 and 6). Eggs, larvae, and juveniles were captured 

during spring and summer; juveniles and adults were captured 

in fall and winter. 

Other species. were occasionally taken but numbers 

remained low. 

Hydrographic Data 

Salinity, water temperature, and dissolved oxygen data 

from 1978 plume entrainment samples are presented in Tables 

7, 8, and 9 and Figures 15 and 16. Dissolved oxygen data 

are not depicted in graphic form. 

Salinities (Table 7; Fig. 15) remained less than lO/oo 

during all but two samples from March, thr01;igh May. Salinity 

was less than 1.70/oo on those two occasions. Accordingly, 
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several anadromous and freshwater species were frequently 

taken as eggs and larvae. Salinities rose slightly in mid­

June but remained below 4°/oo through August. Salinities 

rose again in the fall to the highest salinities. in early­

November. 

Water temperature (Table 8; Fig. 16) peaked in August • 

. Plume temperatures exceeded 35 C in August but did not 

always exceed ambient readings by 5 c. Water samples for 

the plume area are taken at the end of Tow 1 (Fig. 2) and 

some mixing occurs prior to this point. The thermal plume 

sometimes "dives" making exact location of the 5c· /J.T area 

difficult. 

No oxygen deficiencies (<4 mg/1) were recorded though 

a plume sample on 8 August recorded oxygen levels <5 mg/1 

(Table.9). 

Statistical Results 

An examination of simple correlation matrices of po­

tential regression variables in th~ original and log-trans-· 

formed scales was made to identify the final equ~tion form 

of variables. In general, correlations were higher between 

transformed dependent variables (Yi) and independent 

variables (X.) in their original scale, except for fish .and 
J 

egg species diversities. Little or no improvement in 

correlations was found by transforming either species 

diversity or the independent variables. 
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Although many simple correlation coefficients (r) 

between the dependent and independent variables were de­

clared highly significcutt (P<O. 001), most correlations were . 

not high (maximum r = 0~71). All independent variables 

except location variables, plume and ambient were signifi­

cantly correlated (P<0.05 or better) with six or more of 

the dependent variables. 

Table 10 presents descriptive statistics.of the 

dependent and independent variables. Table 11 summarizes 

the results of regression analysis. Each final regression 

equation is discussed separately, then overall patterns are 

summarized. 

In the following discussion, the regression coefficients 

are partial coefficients which estimate the effects of a 

particular variable while holding constant or controlling 

all other variables in the equation. Evaluation of the 

contribution of a particular independent variable is 

facilitated by controlling the influence of other variables 

which otherwise could confound or mask significant relation­

ships. 

Total Abundance of Fish (Y1 ): 

Temperature, salinity, period, fall and winter were 

retained in the final regression equation as significant 

predictors of fish abundance. The equation for Y1 was. 

highly significant (P<0.001) and explained three-fourths of 

the variation in fish abundance (R 2 = 0.76). 

.1 
I 
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Temperature and period had positive partial regression 

coefficients (bj's); i.e. their partial effects on Y 1 (fish 

abundance) were positive. The remaining independent variables 

had negative b. 's. · Within the ranges of values observed, 
J 

the equation predicts an increasing total abundance o:f; fish 

with an increasing temperature or decreqsi~g salinity. 

Fish abundance was significantly higher at night than during 

the day. 

Seasons were included in the analysis as dummy 

variables to mathematically reduce the unexplained variation 

in the model and to remove factors which could confound the 

analysis. After allowing for the effects of other variables 

in the equation, fall and winter had a significantly lower.· 

fish abundance than the reference season (summer). Spring 

did not differ significantly from summer. Unmeasured 

seasonal effects (in addition to those accounted for by 

variables in the equation) tended to decrease fish abundance 

in fall ancl winter .•. , Factors which may be reflected in the 

season variables include time and duration of migrations of 

parent populations, recruitment, wind direction, currents, . 

fishing efficiency of gear, and other unmeasured factors 

which vary seasonally. 

The location variables (plume and ambient) were included 

in the analysis to estimate the partial effects of location 

on fish abundance •. Because neither were retained in the 

equation, no significant differences in fish abundance were 
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found between plume and ambient river samples and samples 

from the discharge canal (the reference location). In 

other words, th.ere was no evidence of-significant plume 

entrainment after removing.the effects of other variables 

in the equation. 

Abundance of Fish Species (Y 2 ): 

The highly significant equation for Y2 explained two­

thirds of th~ variation in fish species abundance (R2 = 0.69). 

The partial regression coefficients for temperature, plume, 

ambient, period ·and spring were positive; those for salinity 

and winter were negative. Dissolved oxygen and fall were 

not retained in the equation for fish species abundance. 

Holding other variables constant, an increase in temperature 

or a decrease in salinity will increase the fish species 

a.bundance. A significantly higher fish species abundance 

was found at night. Unmeasured seasonal factors represented 

by the season winter tended to decrease abundance of fish 

species in this season; the converse was true for spring. 

A significantly higher abundance of fish species was 

found in plume and ambientriver samples than in samples 

from the discharge canal. 

Fish Species Diversity (Y 3 ): 

The highly significant equation for Y3 explained fifty-five-
1 

percent of the variation in fish species diversity and re-
. ' 

tained temperature, dissolved oxygen, plume, ambient, period, 
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·and spring as significant.independent variables. Samples 

at night had a significantly higher fish diversity than·day 

samples. Seasonal_ factors __ (in addition those reflected in 

other variables in the equation) increased the fish diversity 

in spring. Thermal plume and ambient river samples had a 

significantly ·:higher fish species diversity than discharge 

canal samples. 

Total Abundance of Eggs (Yi+): 

Thirty-nine percent of the variation in egg abundance 

was explained by the equation for_Yi+. The partial effects 

of spring were positive; those of temperature, ambient, 

period, fall and winter were negative. Amhient river 

samples and night.samples had a significantly lower egg 

abundance than did plume, discharge or day samples. Un­

measured seasonal factors in fall .and winter tended to 

decrease egg abundance in these seasons compared to summer; 

the reverse held for spring. The equation predicts a 

lower egg abundance at·higher temperatures, holding other 

variables constant. 

Abundance of Egg Species (Y 5 ): 

Forty-five percent of the variation in egg species 

abundance was explained by the equation for Y5 • Tempera­

ture, ambient, period, fall and winter had significant 

negative partial regression coefficients; spring had a 

significant positive coefficient. The abundance of egg 
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species will increase as the former variables decrease. A 

significantly higher egg species abundance was found in 

spri~g than in summer, and a significantly lower egg .species 

abundance was found in fall.and winter. 

Egg Species Diversity (Ys): 

Thirty-five percent of the variation in egg diversity 

was explained by the regression. The partial effects of 

temperature, .plume, ambient, period, fall and winter were 

negative; that of spring was positive.. Egg diversity was 

significantly higher in spring and significantly lower in 

fall and winter. Plume and ambient samples had a signifi­

cantly lower egg species diversity than did discharge canal 

samples. 

Abundance of Anchoa mitchilli Fish (Y 7 )·: 

Sixty-eight percent of the.variation in anchovy 

abundance was explained by the final equation for Y7 • All 
\I',;':,:-

independent variab.les except plume and fall were retained 

as significant independent variables. Temperature, ambient 

and period had positive partial effects on anchovy abundance, 

and salinity, dissolved oxygen and spring had negative 

effects. 

Abundance of ·Gobiosoma bosci Fish (Y;
8
J .: 

Almost one-half of the variation in goby abundance 

was explained by the final equation for Ya.· The partial 

regression coefficients for temperature and period were 
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positive, and the coefficient fm; salinity was negative. 

Other independent variables were not retained as significant 

predictors of goby abundance. 

Abundance of Ailchoa mitchilli Eggs (Yg): 

Only twenty percent of the variation in anchovy egg abun­

dance was explained by the regression which retained two 

independent variables. The partial effect of temperature 

was positive. Ambient river samples had significantly 

fewer anchovy ·eggs than the other two sampling locations. 

Summary of Regression Analysis:. 

A nonparametric ranking procedure was developed to 

assess the relative importance of the independent variables. 

Direct comparisons of partial regression coefficients (b.'s) 
J 

are not useful since the independent variables were measured 

in different units. However, comparisons between 

standardized coefficients (the dependent and independent 

variables were standardized to have unit variance) can be 

used to determine the relative effect of each independent 

variable on the dependent variables. The procedure con­

sisted of ranking the absolute values of the standardized 

b.'s in each equation, summing the individual ranks for 
J 

each variable across all equations, and ranking these sums 

to give an overall measure of relative importance. Ties 

were assigned average ranks, and dummy seasons.were not 

included in the analysis. Table 12 summarizes these .data. 
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Overall, temperature ranked first·in relative importance 

of the independent variables and was retained in all of the 

regression equations as a significant predictor of fish and 

egg abundances and diversities. However, the reiationship 

between temperature and the dependent variables was not 

consistent. For all measures of fish abundance and diversity 

(Y ?t Y 2' Y.3 , Y 7 , Y 8 ) and anchovy egg abundance (Y 9 ) , the 

relationship was a positive one. As temperature increases, 

these dependent variables will increase. The converse was 

true for the relationship between temperature and measures 

of egg abundance and diversity (Yi+, Y5 , Y6 ). Holding other 

variables constant, the partial effect of temperature on 

these three dependent variables was negative. 

The location variables ambient and plume ranked second· 

and fifth, respectively, in relative importance. Plume 

samples were not significantly higher in abundance and 

diversity of fish eggs and larvae than either discharge or 

ambient river samp:;1.es. Thus, there was no evidence of 

significant plume entrainment of ichthyoplankton after re­

moving the effects of other variables. 

Period was third in relative importance and was 

retained in all but one of the equations. Night samples 

had a higher fish abundance and diversity than day.samples. 

On the other hand, day samples had a higher egg abundance 

and diversity than night samples. 
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Salinity was fourth in relative importance and had a 

negative partial effect on total fish abundance, fish 

species abundance, anchovy abundance and goby abundance. 

These dependent variables increased as salinity decreaseds 

Salinity was not a significant variable in the remaining 

equations. 

Dissolved oxygen was the least important independent 

variable and was retained in only two equations. Fish 

species diversity and anchovy increased as dissolved oxygen 

decreased. 
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CONCLUSIONS 

The ichthyoplankton data set collected in and around 

the thermal plume from VEPCO s·urry Nuciear Power Plant 

during 1978 revealed no statistically significant entrain­

ment of the Cobham Bay ichthyofauna by the thermal plume. 

Some entraininent is evidently occurring since samples from 

tne plume (Figs. 4, 5, 7 arid 8) often show higher numb.er of 

species. Size of the individuals present should be con­

sidered when comparing species captured. Larger fish can 

overcome turbulence in the mixing zone and may even select 

the warmer waters in the plume area during colder months. 

We can define the species and quantity of ichthyoplahkton 

in and around the thermal plume fror.1 VEPCO Surry Nuclear 

Power Plant, however, we cannot determine the effects of 

the thermal plume on the ichthyofauna of Cobham Bay. 

Natural fluctuations in abundance (which may be one or 

more orders of magnitude from year to year), sampling 

variability ·and biological attributes of the ichthyofauna 

interact ·in such a way as to confound interpretation of 

the data set. Other sources of stress (i.e., organic and 

inorganic pollutants, siltation, flooding, etc.) also 

interact to add difficulty to impact assessment •. Impact 

.assessment for the VEPCO Surry Nucler Power Plant must 

contain an examination of all available data sets (trawl,:­

seine, impingement, and entrainment) and take into con-· 

sideration all factors affecting the estuarine ecosystem. 
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Adult fish population trends in the vicinity of the 

plant site have been·monitored since the pre~operational 

period of the facility. VEPCO data (screen impingement, 

trawl, and seine) and VIMS trawl data reveal_large increases 

and decreases in relative abundance of some fishes in the 

vicinity of Hog Point (J. White, personal communication and 

Bender et al., 1975). Ichthyqplankton studies have only 

been in progress since August, 1975 ~nd pre-operational data 

are not available. Thus long term trends indicate 

relatively stable ichthyoplankton abundances. 

Bay anchovy and naked goby were the dominant forms 

captured in 1978 plume entrainment samples. However, both 

species prefer higher salinities than those recorded in 

and around the thermal plume from VEPCO Surry in 1978 for 

spring (Lippson and Moran, 1974). It is unlikely that the 

centers of egg and larval abundances for these species are 

near the Cobham Bay area of the James River. Larval abun­

dances could.fluctuate yearly with salinity patterns within 

the river. 

Bay anchovy egg and larval concentrations have been. 

relatively stable during this study. Lower concentrations 

of anchovy eggs were recorded in 1978; probably due to 

lower .salinities.· Adult bay anchovy concentrations have 

also remained within the bounds of natural fluctuations 

over the long term [VIMS trawl surveys (Hoagrnan and Kriete, 

1975) and VEPCO data. (White, 1976)]. 
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Adult naked goby inhabit oyster communities and other 

areas where crevices etc.· afford shelt.er. Adults are 

seldom captured in trawl or seine surveys and it is diffi­

cult to obtain a realistic estimate of population levels. 

Fishes of commercial importance were not.a significant 

portion (relative to other species captured) of the catch. 

in our samples. Several species (Atlantic croaker, spot, 

and Atlantic menhaden) utilize the area as nursery grounds 

while in the postlarval and juvenile stages. These species 

soon reach a size and swimming speed whereby they can 

effectively negotiate turbulence created in the mixing zone 

and no longer be subject to entrainment. 

Multiple regression techniques were useful in explain­

ing some of the complex relationships between environmental 

factors and the abundance and diversity of fish and eggs 

and in isolating factors which tend to confound the analysis 

of data from general field surveys. These techniques 

identified the dominant environmental factors.and assessed 

their relative importance. 

The data.; .(species 'Capture at each· site) from in and 

around the thermal plume from VEPCO Surry Nuclear Power 

Plant indicate that limited entrainment of the Cobham Bay 

ichthyofauna is occurring. However, adult population 

levels have remained within the bounds of natural population 

fluctautions and we have found no evidence that suggests a 

cause and effect relationship between fluctuations in fish 



-
26 

species abundance or fish populations in the Cobham Bay 

area of the James River and operation of VEPCO Surry Nuclear 

Power Plant. 
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Figure 1. 0. 5 paired-·net apparatus with rope bridle and lead weight •. · 
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Figure 2. James River in vicinity of Surry Nuclear Power Station 1 

showing plume entrainment sampling locations . 
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Table 1. Ichthyoplankton sampling schedule for plant and plume entrainment studies at VEPCO Surry Nuclear Power 

Plant (~anuary through December 1978). 

Study 

Plant Entrainment 

Plume Entrainment 

Jan. 

X 

X 

Feb. 

X 

X 

Mar. 

xx 

xx 

Apr. 

xxxx 

xxxx 

May 

xxxx 

xxxx 

June. 

xx 

xx 

July 

xx 

Aug. 

·x 

xxxx 

Sept. 

X 

xx 

Oct •. 

X. 

X 

Nov. 

X 

xx 

X 

xx. 
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Table 2. ·Dependent (V .) and independent (X.) variables·.for statistical analysis (standardized catch is number 
· ,· 1 · · . . · J . . . i . . . 

collected per. 100 cubic meters of water strained per collection). 

Variable Definition 
. 

V l' Total abundance of fish Y1 = loge (C 1 + 1), where C1 = standardized catch of.fish 

V 
2

, Abt.in dance of fish species 

V3 , Fish species diversity 

V = loge (c· + l)~ where C = number-tif fish species 
2 2 ' 2 nk · .. ' . . kth 

V 3 = -Epk loge Pk, where p = y, nk = number of fish of the 
species, and N = total n4mber ~f fish 

V
4

, Total abundance of eggs V4 = loge (C4 + 1), where C4 = standardized catch of eggs-

V5 , Abundance of egg species V
5 

= loge (Cs+ 1), where Cs = number of egg species 

VG, Egg species diversity VG= -Epk loge Pk~ where Pk=}, nk =number of eggs of the kth 
species, and _N =.total number of eggs.. · · ... 

V7 , Abundance of A. mitchilli fish Y
7 

= loge (C
7 

+ 1), where. C
7 

= standardiied catch of A. mitchilli fish 

Y8 , Abundance of G. bosci fish Y8 = loge (C 8 + 1), wh~re C8 = standa~diz~d catch of G. bbsci fish 

Yg, Abundance of A. mitchilli eggs Yg = log (Cg + 1), where Cg = standardized c_atch of A. mitchilli eggs· 
---------~------------------~---------~----------~-~--~--------~----------------------~--~----~~--------~------
x1, Water temperature ', oc 

X2, Salinity ppt 

X ' 3 
Dissolved oxygen mg/1 

X ' X , Location dummy variables Location X4, Plume = Xs, Ambient= 4 5 Discharge 0 0 
Plume 1 0 
Ambient 0 1 
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Table 2. (continued). 

Variable 

\, Period dummy variable 

X7 , X8 , ·x9 , Season dummy variables 

.e 

Definition · 

·o = day (5 to 16.9 h EST), 1_ = _night (17.0 to 4.9h EST) 

Season · X1, Fall; Xe, Winter= 
Summer (July, A_ug., Sept.) ---------=-o-- O 
Fall (Oct., Nov., Dec.) 1 O 
Winter (Jan.~ Feb., March) 0 1 
Spring (April, May, June). 0 0 

X9, Spring= 
0 
0 
0 
1 

Ul 
0 
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Table 3. Number of species captured in.plume entrainment samples 

at VEPCO Surry Nuclear Power Plant in 1978. 

DAY NIGHT 
Number of Species Number of Species 

DATE FISH EGGS BOTH* FISH EGGS .. BOTH* 

Jan. 24-24 2 0 0 2 0 0 

Feb. 23-23 0 0 0 3 0 0 

Mar. 13-14 0 0 0 1 1 0 

Mar. 27-27 2 2 0 3 1 1 

Apr. 11-11 7 6 6 6 5 3 

Apr. 18-19 6 3 2 9 4 2 

Apr. 24-24 7 3 2 9 3 2 

May 8-8 11 4 3 11 4 2 

May 11-11 11 5 5 10 1 1 

May 16-16 7 0 0 8 1 0 

May 30-31 8 0 0 13 1 1 

June 15-16 8 1 1 10 2 1 

June 28-28 · ~. 1 1 11 1 1 

July 25-26 7 2 1 7 0 0 

Aug. l(only) 4 1 1 not applicable 

Aug. 7-8 5 1 1 7 l 1 

Aug. 17-17 4 1 1 4 a 0 

Aug. 21-22 7 1 1 6 1 1 

Aug. 24-25 4 1 1 5 1 1 

Sep~ ll-12 2 1 1 5 0 0 

Sep. 25-26 1 0 0 4 1 0 



e 

52 

Table 3. (concluded). 

DAY NIGHT 
Number of Species Number of Species 

DATE FISH EGGS BOTH* FISH EGGS BOTH* 

Oct. 16-17 2 0 0 5 0 

Nov. 13-14 1 0 0 3 0 

Nov. 30-Dec. 1 2 0 0 3 0 

Dec. 5-6 2 0 0 7 0 

Dec. 14-15 1 0 0 3 0 

* Number of species that occur as both fish and eggs within 
the same sample. 

0 

0 

0 

0 

0 
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Table 4. Average number (100 rn 3
) of fish and fish eggs per sample 

captured in plume entrainment samples at VEPCO Surry 

Nuclear Power Plant in 1978. 

DATE DISCHARGE CANAL PLUME AfIBIENT RIVER 
1978 Larvae Eggs Larvae Eggs Larvae Eggs 

24 Jan. (D) 0 0 <l 0 1 0 

24 Jan. (N} 2 0 0 0 <l 0 

23 Feb. (D) 0 0 0 0 0 0 

23 Feb. (N) 2 0 1 0 0 0 

13 March (D) 0 0 0 0 0 0 

14 March (N) 0 4 <l 0 2 0 

27 March (D) 2 0 <l 2 <l 0 

27 March (N) 2 0 1 <l 2 0 

11 April (D) 44 113 56 60 33 4 

11 April (N) 66 6 67 13 20 3 

18 April (D} 6 4 20 8 56 0 

19 April (N) 4 5 18 26 14 <l 

24 April (D) 20 14 9 8 9 <l 

24 April (N) 30 2 13 1 15 0 

8 May (D) 5 130 27 23 34 <l 

8 May (N) 14 8 32 2 23 <l 

11 May (D) 72 68 32 48 62 4 

11 May (N) 56 0 62 8 40 <l 

16 May (N) 10 2 64 0 76 0 

16 May (D) 4 0 20 0 17 0 



54 - Table 4. (continued) • 

.. DATE DISCHARGE.CANAL PLUME AMBIENT ,RIVER . 
197$ Larvae Eggs Larvae Eg.gs Larvae Eggs 

30 May (D) 0 0 17 0 22 0 

31 May (N) 22 2 24 1 16 0 

15 June (D) 122 0 81 1 85 0 

16 June (N) .. 556 0 117 4 66 0 

28 June (N) 62 3 107 2 118 0 

28 June (D) 28 11 69 11 64 3 

25 July (D) 108 6 104 <l 51 0 

26 July. (N) 110 0 470 0 294 0 

1 Aug •.. (D) 254 69 54 7 92 0 

e 7 Aug. (N) 210 0 72 1 222 o· 

8 Aug •. (D) 102 0 42 1 79 0 

17 Aug. (D) 160 4 48 3 36 0 

17 Aug. CN) 320 0 52 0 304 0 

21 Aug. (N) 191. 26 81 13 294 4 

22 Aug. . {D)· 31 · 2 97 2 55 0 

24 Aug. (D) 58 0 23 1 56 0 

25 Aug. (N) 172 8 62 1 74 l· 

11 Sept. (D) 26 4 4 1 2 0 

12 Sept. (N) 22 0 31 0 42 0 

25 Sept. , (D) 0 0 1 0 0 0 

26 Sept. (N) 24 2 15 0 18 0 

16 Oct. (N) 30 0 14 0 5 0 

17 Oct. (D) 0 0 5 0 4 0 
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Table 4. (concluded) • 

DATE DISCHARGE CANAL PLUME AMBIENT RIVER 
1978 Larvae Eggs Larvae Eggs Larvae Eggs 

13 Nov. (N) 6 0 4 0 2 0 

14 Nov. (D) 0 0 1 0 0 0 

30·Nov. (N) 10 0 3 0 0 0 

1 Dec. (D) 1 0 2 0 0 0 

5 Dec. (D) 2 0 <l. 0 0 0 

6 Dec. (N) 0 0 5 0 6 0 

14 Dec. (N) 12 0 3 0 3 0 

15 Dec. (D) 0 0 1 0 2 0 
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Table 5. Species and calculated number of fish per 100 m3 captured in plume entrainment samples at VEPCO Surry Nuclear 

Power Plant in 1978. 

JANUARY 24 - 24, 1978 

CISCHARGE 
CANAL 

SPECIES 

DAY PLUME 

MENIDIA BERYLLINA 
MUGIL CEPHALUS 

SPEC IE S 

NIGHT PU.ME 

ALCSA HSTIVALIS 
ME~IDIA eE~YLLINA 

LEFT RIGHT 

LEFT RIGHT 

THERMAL PLUME 

TCW NO. 1 
LEFT RIGHT 

TOW NO. l 
LEFT RIGHT 

TOW NO. 2 
LEFT RIGHT 

2 

TOW NO. 2 
LEFT RIGHT 

AMBIENT RI VER 

TOW NO. 3 
LEFT RIGHT 

2 

TOH NO. 3 
LEFT RIGHT 

2 

TOW NO. 4 
LEFT RIGHT 

3 

TOW NO. 4 
LEFT RIGHT Ul 

O'\ 



Table 5 •· (continued). 

FEBRUARY 23 - 23, l'i7tl 

SPECIES 

DAV PLUHE 

SPECIES 

NIGHT PLUHE 

ANGUILLA RCSTRATA 
HORCNE AHR I CANA 
TRI~ECTES MACULATUS 

DISCHARGE 
CANAL 

LEFT RIG .. T 

NO CATCH AT T .. IS TIME 

LEFT RIGHT 

3 

THERMAL PLUME 

TOW NO. l TOW NO. 2 
LEFT RIGHT LEFT RIGHT 

TOW NO. l TOW NO. 2 
LEFT RIGtlT LEFT RIGHT 

3 

2 

e 

AMBIENT RIVER 

TOW NO. 3 TOW NO. 4 
LEFT RIGHT LEFT RIGHT 

TOW NO. 3 TOW NOe 4 
LEFT RIGHT LEFT RIGHT 

Ln 
-J 

I 
. i 



Table 5. (continued). 

SPEC JES 

SPECIES 

AMGUJLLA 

MARCH 13 - 14, 1978 

CJSCHARGE 
CANAL 

LEFT · P IGHT 

DAY PLUME NO CATCH AT THIS TIME 

LEFT RIGHT 

l'il GHT PLUME 

RGSTRATA 

THERMAL PLUME 

TOW NO. l TOW NO. 2 
LEFT RIGHT LEFT R JGHT 

TOW NO. l TOW NO. 2 
LEFT RIGHT LEFT RIGHT 

2 

AMBIENT RIVER 

TOW NO •. 3 ·row NO. 4 
LEFT RIGHT LEFT RIGHT 

TOW NO. 3 TOW NIJo 4· 
LEFT RIGHT LEFT RIGHT 

Ul 
CX) 

2 4 



Table 5. (continued). 

SPECIES 

MARCH 27 - 27, 1978 

DISCHARGE 
CANAL 

LEFT RIGHT 

DAY PLUME 

ANGUILLA ROSTRATA 
FUNDULliS HET~ROCL nus 

SPECIES 

NIGHT PLUME. 

ANGUILLA RCSTRAlA 
~E~IDIA BERYLLINA 
~ORONE A~ERICANA 

4 

LEFT Rl GHT 

5 

THER~Al PLUME 

TOW NO. l 
LEFT RIGHT 

TOW NO. l 
LEFT RIGHT 

2 

TOW NO. 2 
LEFT RIGHT 

2 

TOW NO. 2 
LEFT RIGHT 

2 

AMBIENT RIVER 

TOW NO. 3 
LEFT RIGHT 

TOW NIJ. 3 
LEFT RIGHT 

2 

2 

TOW NO. 4 
LEFT RIGHT 

2 

TOW NO. 4 
LEFT RIGHT 

2 2 

e 

U1 
I.O 

. I 
! 
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Table 5. (continued). 

APRIL 11 - 11, 1978 

DISCHARGE THERMAL PLUME AMBIENT RI V_ER 
. CANAL ---- --------------

SPECIES TOW NO. 1 TOW NO. 2 TOW NO. 3 TOW NO. 4 
LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 

. 
CAY PLUME 

ALOSA SAPIDISSIHA 2 
BREVCOPTIA TYRANNUS 8 8 3 3 6 l 2 
CYPRINIJS CARPIO 2 
OCRCSOP,,A CEPcDIA~UH 2 3 
DCRC sop.oA SP. 2 
MORONE AMERltANA 24 46 49 46 52 50 13 35 38 40 
MORONE SA XA TILi S 3 2 2 2 

O'\ 
0 

SPECIES TO\<I NO. 1 TOW NO. 2 tow NO. 3 TOW NO. 4· 
LEFT , R lGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT .... 

Iii 

NIGHT PLUME 

ALOSA SAP1DlSS1MA 3 2 
ANGtiILLA RCSTRATA 3 3 2 2 2 9 
8REVOORTIA TY~ANNUS 7 12 
CYPR INUS CARP IO 2 
,.CRCNE AMERICANA 12 40 29 25 82 67 20 33 12 
P,,OflCI\E SAXATILI S 2 3 30 17 3 



Table 5. (continued). 

APRILlB- 19, 
/ 

1978 

ClSCHARGE THERMAL PLUME AMBIENT RIVER 
CAN~L ------- ---- ------ -----------

SPECIES TOW NO. 1 TOH NO. 2 TOW NO. 3 TOW NO. 4 
LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 

DA'r PLUME 
;, 

At.CHOA .. ITCHllll 5 
~ BREVOORTIA T~RANNUS ~ 5 5 2 

CYPRll'iUS CARPI(. 2 2 2 2 
OOPOSO~A CEPEOlAMJM .4 2 3 2· 
P,CRCNE AMERIO~A 13 12 14 7 36 4,1 51 64 
MORCNE SAXATlll S 2 9 2 4 4· 9 8 

Cl'\. 
I-' 

SPECIES TOW NO. l TOW NO. 2 TOW NO. 3· TOW NO. 4 
LEFT RIGHT LEFT RIGHT LEFT· RIGHT. LEFT RIGHT . LEFT RIGHT 

IJ 

NIGHT PLLME 

ANCHOA "I TCHILLI 2 5 3 
ANGUILLA RC SH.A TA 2 2 3 
BREVOORTIA TYrANNU~ 1 2. 3 3 .8. 
CYPR INLS CAQPIO 2 3 5 3 
OCRCSOP,A CEPED1A~U14 5 5 
FU~CULUS CO~FLUENTUS 3 
"ENIDIA BERYLLINA 2 
MORCNE AME'RIC.t.NA 5 2 13 12 6 12. 5 8 
"CRCNE SAX~TI LIS 2 3 .. 

! 
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Table 5. (continued). 

APRIL 24 - 24, 1978 

DISCHARGE THERMAL PLUME A~BIENT RIVER 
CANAL ------ --------------

· SPECIES TOW NO. l TOW NO. 2 TOW NOa 3 TOW NO. 4 
LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 

DAY PLUl"E 

ALCSA PSEUCOHARENGUS 2 
ALCSA SP. 3 4 2 4 4 13 2 
ANCHOA M ITCHILLI 3 2 
BREVOOPTIA TYRAN~US 18 13 10 2 2 4 2 
DOROSOl'A CEPEOIA~UM 3 
MORONE AMERICANA 2 2 5 4 4 
r,,cRCNE SAXATILIS 

O'\ 
N 

SPECIES TOW NO.; l TOW NO. 2 TOW NO. 3 TOW NO. 4 
LEFT RIGHT LFFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 

1,1 

~I GHT PLUME 

ALOSA SAPIOISSIMA 2 
~LCSA SP. 6 4 4 15 7 6 4 
ANCHOA r,, nCHILLI 20 29 2 2 4 
ANGLILLA RCSTRATA 3 4 4 
8 REVCO PT I A TYF< AN NUS 3 6 4 4 2 2 2 2 
LEIOSTCMUS XANTHURUS 6 2 
MEMBRAS f'IA~Tl~ICA 2 
MORCNE A~ERICANA 2 2 4 2 7 
~CRCNE SAXATILIS 2 2 
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· Table 5. (continued). 

ll'AY 8 - a, 1978 

DISCHARGE THERMAL PLUME \ AMB JENT RIVER 
Ca\~.U ------- ----- ---------------

SPECIES TOW NOo 1 TQW NO. 2 TOW Nil. 3 TOW NO. 4 
LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT . RIGHT· LEFT RIGHT 

CAY PLUl"E 

ALOSA P SEUDCHARENGUS 2 2 5 2 14 2 26 
a\U:'SA SAPJIJJSSIMA 2 
ALCSA SP. 5 6 4 18 20 7 11 13 15 · 
BREVOOR Tl A T'tRI.N~US 6 2 
CYPRINLS C4RP JO '2' 
DCRCS0f,'A CEPEDIANUM 5 
GOBJOSOMA 80SCI 2 
LEIOSTCl"LS XANTHURUS 2 
MORONE Al"ER l(ANA 2 2 3 5 7 6 6 
,.nRONE Si'IXATIUS 2 6 3 10 10 2 11 
1'.0TROPIS HUDSONIUS 5 2 2 O'\ 

w 

l' 

SPECIES TOW NO. 1 row NO. 2 TOW NO. 3 TOW NO. 4 
LEFT R JG.HT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RJGHl' 

1'.IGHT Pll,ME 

ALCSA SP. 4 2 ·2 9 
AMC HCA f,' (T(HILLI 2 2 2 2 2 2 
eREVOORTIA TY~ANNUS 5 4 24 4 1 16 17 3 7 
OCPCSC~A CEPEDIANUM 4 ·,. 2. 6 4 
OCRCSQf,'A PETENENSE 2 
DCRCSCPIA SP. 4 2 
ETrECSTOl"A OLMSTEOI 2 2 
LE l0STN1US XAI.THURUS ·10 9 io 2 4 5 9 8 5 
"'Cl<CNE lll"ERIUINA 6 2 4 i 
"IORONE SAXHlt IS 12 2 2 3 
"JOTRQP IS HUCSONIUS 4. 5 
PERCA FLAVESCENS 2 
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Table S. (continued). 

MAY 11 - 11, • •.ne . I 

DISCHARGE THERMAL PLUME A"'BIENT .RIVER 
CANAL ------- ----- ---------------

SPECIES TOW NO. 1 TOW NO. 2 TOW NO. 3 TOW NO. 4 
LEFT PIGHT LEFT RIGHT LEFT RIGHT L~FT RIGHT LEFT RIGHT 

DAY PLUME 

ALOSA PSEUDCHARENGUS 2 2 5 
AL CSA SP. 30 93 31 12 18 18 75 45 36 29 
BREVCOPTIA TYRAN~US 2 
CYPR INUS CARPIO 6 4 16 5 
DCROSO~A CEPEDIANUM 5 2 
DCRCS0"4A PETH,ENSE 2 
LEIOSTC~LS XANTHURUS 2 
~E~IDIA BE~YLLINA 2 2 
MOR0NE A~ERICANA 2 2 10 5 
Ill ORONE SAXATILIS 4 H 4 5 2. .·2 14 
~OTROPIS HUDSONIUS 6 O"I 

,i::,.' 

I} 

SPEC IE S TOW NO. 1 TOW NO. 2 TOW NO. 3 TOW NO. 4 
LeFJ RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 

NIGHT PLLIH' 

ALC1SA PSEUOOHARElliGUS 2 
ALCSA SP. 73 g 44 24 70 35 47 34 16 i6 
JH;C HIJA f,' ITCHI LLI 2 2 
BREVOO~TJA TY~AN~US 3 2 2 5 
CYFR IM;S CtRPI 0 9 5 6 2 
ET~ECSTrf,'A OL~STEDI 3 
LEIOSTCf,'LS XA~THURUS 3 q 5 2 2 2 4 2 5 
'40Rr."IE AME~ ICANA z 2 7 7. 
~ORO~E SAXATILIS 3 5 2 5 2 2 
~OTRCPIS hLCSO~ILS 1 3 7 2 7 2 4 7 
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Table 5. (continued). 

HAY 16 - 17, 1978 

01 SCHARGE THERMAL PLUME AMBIENT RI VER 
CANAL ------ ------------

SPECIES TOW NO. l TOW NO. 2 TOW NOe 3 TOW ND. 4 
LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 

NIGHT PLUME 

ALCSA SP. 3 16 19 72 80 47 46 64 55 
ANCHCA fl ITCH I LLI 2 2 2 4 
ANGUILLA ROSTRATA 6 
BREVOORTIA TYRANNUS .4 9 13 11 11 9 14 15 29 
ICTALURUS PUNCTATUS 2 
LEIOSTCMUS XANTHURUS 6 4 2 2 
MORONE AMERICANA 4 2 2 5 2 ·2 
MCRCNE SAXAT ILIS 4 4 4 

O'\ 
U1 

SPECIES TCW NO a l TOW NO. 2 TOW NO. 3 TOW NO. 4 
LEFT RI G,HT UfT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 

CAY PLUflE 

.nCSA SP. 4 7 11 28 27 17 20 2 19 
BREVOOr.TIA TYRAN~U~ 2 
CYPRINUS CARPIO 2 
LEIOSTCflUS XANTHURUS 2 
MORONE A~ERICANA 4 2 2 
p,IORONE ~AXATILIS 2 2 
TRINECTES MACULATUS 2 



-
Table 5. (continued). 

HAY 30 - 31ii l'H8 
ij 

CI SCUARGE THF.RHAL PLUME AMBIENT RIVEf(_ 
CANAL ------ ------ -------------

SPECIES TOW NO. l TOW N,O. 2 ·TOW NO. 3 TOW. NO. 4 
LEFT RIGHT L.EFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 

DAY PLUME 

ALCSA AESHVALIS 8 4· 
ALCSA PSELl:011ARENGUS .·.6 8 4 11 14 4 2 
AL CSA SP. 2 2 z ·4 6 6 7 
C'YPRINUS CARPIO 4 
CCROS0"'A C~PEDIA.NUM .. 6 4· 4 7 4 4 4 
GOBICSCl"A ecsc 1 z 
"'0RCNE Al'ERICANA 2 2 4 4 9 6 
,ioRCNE SA.XA TI LIS 2 

"' . "' 

SPECIES TOW NO. l TOW NO. z TOW NO. 3 TOW NO. 4 
LEFT RIGHT LE(!°T RIGHT LEFT RIGHT LEFT RIGHT LEFT. RIGHT 

l'<I GHT PLUME 

ALCSA AESTIVAL IS 3 3 3 2 9 
ALCSA SP. 4 4 5 5 ,6 8 4 2 
ANCHOA p.l (TCHILLI 3 2 
~RfVOCF<TIA TYF<ANl'IUS 3 
CYPRINLS C~D p ID 5 3 
CCROSO"'A CEPEDIAl'IUM 3 5 
FU~OULlS HETE~UCLITUS 3 
ICTALUPUS PU~CTATU~ 2 
LE' IOS TO'US XANTtiURUS 16 11 10 10 23 li. 5 3 
LEPCMIS "'ACRCCH[RUS 3 
"'HdOiA BERYLLINA 8 3 ~ 3 3 . 2 
MOR ONE A"1ERICANA 2 
"'ORCNE six.ATILIS 2 '.•, 
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Table S. (continued). 

JUNE 15 - 16, 1978 

DISCHARGE THERMAL PLUME AMBIENT RIVER 
CANAL ------ -----------

SPECIES TOW NO. 1 TOW NO. 2 TOW NO. 3 TOW NO. 4 
LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT · 

DAV PLUME 

ALCSA PS EUCIJtJAR ENGU S 3 
ALOSA SP. 2 10 6 4 
ANChCA I' ITCHI L LI 3 2 2 2 
OCRCSCi,,A SP. 4 
ELOFS SALRUS 4 
Gre10SCMA BrJSCI 105 123 65 75 53 54 69 54 16 22 
~El"B~AS ~ARTl"'ICA 13 46 2 2 23 2 36 68 
f,IEP..IDJA BERVLLINA 4 3 2 1 2 4 16 
SPECIMEN MANGLED 2 

O"I 
--.J 

SPECIES T.OW NO. l. TOW NO. 2 TOW NO. 3 TOW NO. 4 
'LEFT RIGHT u'h RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 

NIGHT PLUME 

"LCSA SP. 5 4 2 2 2 2 
Ar-CHOA f'ITCHILLl 14 13 7 2 4 
ANGUILLA RCSTkATA 2 
ATf'ERINICAE 4 4 
nRF.~OCPTIA TYRAN"'US 2 
GOB IOS (MA ease I 609 429 101 135 64 41 34 39 28 8 
LE lOSTCf,IUS XANTHURUS 7 2 10 11 2 2 
~F.~BRAS ,.,~TINICA 11 3 9 31 22 15 7 26 
~ENIDIA BERYLLINA 21 6 2 9 7 28 22 24 4 l"OROP..E SAXATILIS 2 4 
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Table 5. (continued). 

JU.NE 28 - 21!, l'i78. 

Cl SCHARGE THERMAL PLUME ·AMBIENT RIVER 
CANAL ------- -----------

SPECIES TOW NO. l TOW NO. 2 TOW NO. 3 TOW NO. 4 
LEFT RIGHT LEFT RIGHT LEF:T RIGHT LEFT RIGHT LEFT RIGHT 

I\IGHT PLUME 

- ANCHOA MITCHILLI 3 54 31 48 60 33 41 37 . 30. ,• 
ANG~ILLA ROSTRATA 3 3 2 
BREVOOPTIA TY~ANNUS 2 
GOB IOSCfo'A BCSCl 63 . 47 - 43 54 21 40 42 50 37 30 
ICTALURUS PU~CTATUS 3 
LE IDS TC"1U.S XANTHURUS 3 3 14 2 2 30 43 
~E,.BPAS ,.ARTl~ICA 2 4 
MFNiDI~ BERY(Ll~A 3 3 3 2 2 3 3 
"ORONE AM ER IC.ANA 17 17 6 2 27 17 
P'ORCNE SAXATILIS •3 3 2 4 7 13 
NOTPCPIS HUCSO~ILS 3 °' co 

l,J· 

SPECIES Tm~ NO. l TOW 'NO. 2· TOW NO. 3 TOW NO. 4: 
LEfT RIGtiT LEFT RIGHT LEFT RIGHT LEFT· RIGHT LEFT RIGHT 

DO PLU'4E 

A I\CHCA f'ITCHI LLI 3 6 12 9 15 5 6 34 25 18 
OCR CSC~A PETEf\ENSE 5 2 ·2 3 11 
Goe IOSC,.A BCSCI 9 38 5 7 96 56 26 25 22 21 
~EMeRAS ,.APTlNICA 25 3 30 5 :5 
MENIOIA BER YLLINA 9 18 5 4 16 3 .. 
P'ORCNE A,.ERICANA ]· 
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Table 5. (contintied)~ -
JULY 25 - 26, 1978 

DlSCHAkGE JHt:RMAL i>LUME ~Ml.I ltNT RfVfR CANAL ------- ----- --------------
SPECIES TOW NO. l TOW NO. 2 row NO. 3 TOW NO. 4 LEFT RIGHT LEFT RIGHT LEFT.· RIGHT U:Fl RIGHT LEH RIGHT 

DAY PLUME r', 

ANCHOA H ITCHILLI 32 49 47 48 48 · 5_9 55 46 26 57 ATHERlt-.JCAE .'2 GOBIOSONA BOSCJ 92 37 19. 12 105 18 2 l'ENBllAS 1-'ARTlNICA ·6 3 9 30 2 2. MENJOIA BERYLLINA 5 7 2 4 ME~IOIA "'E~iDIA · 2 TRlNECTES MACULATUS 9 

Cf\ .. 
\0 

SPECIES row ND. 1 TOW _NO. 2 row NO. 3 .. TOW ND. 4 LEFT RIGHT LEFT. RIGHT LEFT .RIGHT LEFT RIGHT LEFT RIGHT · 

NIG!-IT PLUME 

ANCHCA MJTCHILLl 46 50 142 130 643 396 150 221 188 2lb. CYNOSCJO~ REGALIS " GUBJUSOkA 6CSC1 56 53 142· 199 . 132 86 1:19 120 45 .75 MEMBRAS MA~TINICA 3 2 2 5 MENIDlA BERYLLINA " 3 2 5 4 5 3 MORON E i,M ER IC ANA 
2 TRJNECTES MACULATUS 2 

-' 
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Table 5. (continued). 

AUGUST l - l. l 'i 7 II 

DISUlARGE THfHHAL PLUME AMLl[l::NT 'RI VER 
CANAL ----- -------

---------
SPECIES TOlil NO. l TOW NU. 2 JO~• NO. 3 TOW NO. 4 

LEFT RIGHT· Ll:fT RIGHT LEFT rtlGHT LEFT RIGHT LEFT RIGHT 
r· 

DAV PLU~E (: 

ANCHCA HITCHILLI 1211 12J 20 30 27 53 65 83 74 92 r·· 
FUNUULUS HAJALIS 5 
GOtl IOSOHA BO SCI 107 144 7 12 27 36 10 11 14 19 
HEHdRAS MARTINICA 6 ("\. 

: 

SPECIES TOW NO. l TOW t.O. 2 
'....J 

TOw NO. 3 TOW NO. 4 0 
LEFT RIGHT LEFT RIGHT LEFT RIGHT LEfi RIGHT LEFT RIGHT 

NIGHT PLUME NIGHT SAMPLING All OR TED 

.I 



e e 

Table 5. (continued). 

AUGUST 1 - 6, l 'J71i 

DISCHARGE HtrnMAL l'LUHE AMl:i 11:NT KIVEk 
CANAL ------ --------------- :-. 

SPECIES TOW NO. 1 TOI; NO. 2 TUW NU. j TUW NO. 4 
L l:FT klGHl LEFT RIGHT Lff 1 K 1 (jtjJ Ll:f l KIGHT Ltfl RIGHT ,-j 

f\lGHT PLUME Ii 

ALOSA AESTIVALIS 3 
,..-, 

ANCHCA MITCHILLI 66 103 39 50 57 43 123 170 l6b 119 
GOB IOSOMA BOSCI 131 9b 25 20 l 'J 30 b2 8,8 73 64 

· ICTALURUS NEOULOSUS 2 
-, 

MfMBRAS MARTlNICA 2 
MENIDIA HENIDIA 2 ,-. 
TRINECTES HACuLATUS 2 

-..J 
I-' 

SPECIES 101!1 NU. l TOW NO. 2 TOW NO. 3 TOW NO. 4 
LEFT RIGHT LEFT RIGHT LEFT RIGHT ll:f T RI uttT LEFT RIGHT 

DAV PLUME 

ANCHOA HITCHILLI 46 29 14 10 16 20 76 52 127 52 
ATHERlf\lDAE 2 
GOlllOSOMA BOSCI 63 63 28 39 11 19 4 
MEMBRAS MAKTINICA 2 2 2 
MENIDIA MENIDIA b 2 l 



- e 

Table 5. (continued). 

AUGI.S T l 7 - 17, 1976 

DJ SCHARGE THERMAL PLUMI: AMll I ENT RIVEk 
CANAL ------- --------------

SPECIES TOW NO. 1 TOW NU. 2 TOW NO. 3 TOW NO. 4 
Lt:FT RIGHT LHT RIGHT LHT RIGHT LfFT RIGHT · LEFT RIGHT 

r! 

DAY PLUME r, 

-ANCHOA MlTCHILLl 40 ·28 9 2 .9 19 44 20 17 . 22 
GOBIOSCMA BOSCI 142 110 48 57 24 22 2 11' 2 9 
MEHBRAS HARTINICA 2 4 4 
MENIDIA BERYLLINA 2 '.11 .~ 

r-) 

,.. 
. -.J l.' 

SPECIES TOW NO. l TOW NO. 2 TUlli NO. 3 TOW NO. 4 N 
LEFT RIGHT LEH RIGHT L'EFT RIGHT LEFT RIGHT LEFT RIGHT 

NIGHT PLUME 

ANCHOA MJTCHILLJ 248 146 20 11 10 . 22 20b 195 169 273 
GOBIOSCMA BDSCI 130 117 23 30 38 50 117 135 54 ~o 
HENI DIA HENIOIA 5 
MORONE AMER I CANA 2 

·' 



e 

Table 5. (continued). 

AUGUST 21 - 22, l '..7ll 

DISCHARGE THERMAL PLUME AMblENT RI VER 
CANAL ------- ---------------

SPECIES TOW NO. 1 row Ml. l row NO. 3 TOW NO. 4 
LHT klGHT LEFT R lGHT LEFJ R IGIH LEFI RIGHT Ll:FT KIGHT 

r-. 
' ' 

NlGt,T PLUME ...... 
\ ' 

ANCHOA ~ITCHILLI 23 5l 30 40 21 l9 141 230 216 248 1.-... 

GOU IOSOMA eosc1 150 154 42 tiO J4 39 !>6 61 36 46 McMllRAS ~ARTINICA 7 4 4 17 24 1-8 23 MENIOIA BERYLLINA 3 7 2 2 24 13 3 18 MORCNE AMERICANA 2 
TRINECTES MJCULATUS 3 

: 

-..J \ 

w 

SPECIES TOW NO. l TOW NO. 2 row NU. 3 TOW NO .. 4 
LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT klGHT LEFT RIGHT 

DAY PLUME 

ANCHOA ~ITCHILLI 10 8 16 26 68 58 4ti 36 55 34 ATHER IN ICAE 2 
GOB IOSCMA ease I 23 18 tl4 bb 11 20 2 
LEIOSTCMUS XANTHURUS 2 
MEMBkAS MARTINICA 23 2 28 10 4 
MENIDIA BERYLLl~A 3 3 7 2 
TRI~ECTES MACULATUS 2 2 



e 

Table 5. (continued). 
-, 

AUGl;ST 24 - 25, · 19.78 

.. -., 
DISCHARGE THERMAL PLUME AMBIENT RIVEi{ 

CANAL ------- --------------
SPECIES TUW NU, l TOW Nil. 2 1 U111 NO. 3 T Uw NO. 4 

Llfl RIGIIT LI: F 1 klLHT L l:f J Is I GHl L l:f T RIGHT LEfT RIGHT 

DAY PLUME r. 

ANCHOA MITCHILLI 28 26 24 27 I! 10 27 43 52 53 r·. 
GOBIOSCMA BOSC I 35 lb 2 6 6 2 
MEMBRAS ~ARTINICA 8 16 6 
MENIOIA BERYLLjl'iA 2 10 2 9 4 r-· 

SPECIES TOW NO. l lCJW NO. 2 TOW NO. 3 TOW 
-.J 

NO. 4 .i:,.' 
LEFT klGHT LEFT RIGHT LEFT RIGHT LEFl RIGHT LEH RIGHT 

NIGHT PLUME 

ANCHOA MITCHILLI 34 61 34 23 39 46 52 72 23 51 
GOBIOSOMA 8CSC1 109 141 26 25 13 40 23 33 14 23 
MEHBRAS ~ART!NICA l 
MENIDIA BERYLLI~A 2 2 
HORONE AMERICANA 2 

) 



,• 

e e 

Table 5 •. (continued). 

SEPTEMBER 11 - 12, l '.t 11:1 
-\ 

OISCHAl-'.Gt THt:l<MAL PLUMI: A,.,,u .IENT RI VCR '. <.ANAL ------ _____ , 
----------------

SPECIES rnw NO. l ·TOW No. l lUW NO. 3 TOh NU. 4 LEFT k lGHT l l::f T RlGHl LE:fl RIGHT LEF-l klGHT LEFT RIGHT 
0. 

DAY PLU~E ,') 

ANCHOA H lTCHILLI 16 · . 27 2 7 3 2 2 3 ;' GOB IOSO/o!A 60SCI 3 5 3 

~--~' :. 

r··_ 

SPECIES TOW NO. ,1 TOW NO. 2 TOW NO. J TOW NOe 4 ..._j 
u, LEFT RIGHT LEFT RIGHT L~FT R lGHI LEfT R lGHl LEFT IUGHT 

. NI.GHT P~UHE 

ANCHCA H ITCll I lll 18 22 15 16 30 33 32 33. 26 40 GOIHOSOHA BQSCI 5 ,4 1 ll 2 10 15 2 7 HEMORAS MAR Tl NI CA 2 MEN IDIA MEN IO IA 
3 H.ICROGCBIUS THAL ASS I N,U$ 2 

,I 



e 

Table 5. (continued). 

! SEPTEHOER l5 - lt.' 19.,IJ 

DISCHARGE THERl'IAL PLUM.: AHii lENT IUVER CANAL ------- --------------- ' 
SPECIES TOW NO. 1 TOW l'lO. L. TUw NO. j TUW NO.· 4 

LEFT RIGHT LHT · kl(.;H( LEfl r. l(.;HJ . LHT klGHT UfT RIGHT 
~-\ 

DAY PLU"1E ri 

ANCHOA HITCHILLI 2 2 ( -
. I ~ 

r, 

SPECIES TllW NO. 1 TUW Np. 2 row NU. 3 TOW NO. 4 
LEFT klGHT LEl-1 KIGHT L Efl KIGHT LEFT klGHT. LE't-r RIGHT -.J -I 

O'I 

NIGHT PLUME 

ANCHGA HITCHlLLl 19 19 10 20 II 9 21 20 7 2't GOB IOSOl'A BGSCI 5 4 2 
MICROGCBIUS ThAlASSl~US 3 
HICROPOGON UNOULATUS 3 3 3 2 

1·. 
I 

.I 



f 
! 

Table 5. (continued). 
-

OCTOBER 16 - 17 l 1flll 

·, 
DISCHARGE THfkMAL PLUME AMU IE!'H kl Vck 

CANAL ------ ---------------.. , 
SPECIES TOW NO. l TOW NO. 2 tow NU. 3 TOW .NO. 4 

LEFT RIGtlT LEf-T R IGnT LEF_T RIGHT Ll:F T RJGHl LtFT RIGHT ,-. 

-NIGt,T PLUME l • 

ALCSA ~ESTIVHIS 3 -
ANCHOA MJTCHILLi 20 10 3 6- 7 · 10 7 2 
GOBIOSCHA BOSCI 3 5 3 
NICRCPCGCN UNCULATUS 17 10 9 12 2 .3 2 
SVNGNATHUS FUSCUS l 

-..J. 

SPECIES ' . TGW NO. l . TOW t-:o. 2 
-..J 

TOW NO. 3 TOW NO. 4 
LEFT R lGHT · LEFT RIGHT LEFT RIGHT L l:f T RIGHT LEFT RIGHT 

DAV PLUME 

ANCHCA HITCHILLI 14 J 7 3 4 
HENIDlA MENIDIA 2 

.,,, 

., 



Table 5. (continued). 

NOVEMBER 13 - 14, 1978 

DISCHARGE THERMAL PLUME AMBIENT RIVcR CANAL ------- --------------
~ 

SPECIES TCJw NU. l T LJ\o, NO. 2 T Llil NCJ • j row NU. 4 LEFT RIGHT Lt.FT KI Gl-11 L HT Kl Gm L 1::t- l K 11..iH T Ll:fT KIGHT 
('~ 

NIGHT PLUME n 

ALOSA AESTIVAL!S ,3 2 ,-.... , 
ANCHCA MJTCHILLI 5 4 2 4 2 4 MlCROPCGGN UNDULATUS 5 4 2 

--·: 

-.-
:::, 

. ! 

...J SPECIES TOW NO. i TOW NO. 2 TDw NO. 3 TOW NOo 4 OJ LEFT R IGIIT LEFT k IGtlT Ll:FT RIGHT LEFT RIGHT LEFT RIGHT 

DAY PLUME 

ANCHOA M JTCHILL I 3 

.I 



e. 

Table S. (continued). 

NOVEMBER 30 - DEc.EMBrn 1, 1 .. 1& 

DISCHARGE 
CANAL 

SPECIES 

NIGHT PLUME 

ANCHOA MITCHILLJ 
MENIDIA BERYLLINA 
MICRUrOGON UNDLLATUS 

SPECIES 

DAY PLUME 

HOPS SAURUS 
MICROPOGON UNDULATUS 

LEFT ll lGHT· 

10 10 

LE.FT RIGHT 

2 

THERMAL PLUME 

row No. 1 
LtFT ·1U&HI 

2 

5 

TOW NO. l 
LEFT RIGHT 

TOW NU. 2 
L C.f T II. I GIii 

101'4 NO. 2 

3 
3 

LE:FT RIGHT 

3 
5 

AMlllENT KIVER 

TOW NU. 3 
LEt-T RIGIIT 

TOW NO. 3 
LEFT' RlliHT 

. 1 Uw NO. 4 
LEfT RIGHT. 

TOW NO. 4 
LEFT RIGHT 

., 

-..J 
I.O 

·~ 



~ 
I 

Table 5. (continued). 

SPECIES 

IJECEMliER 5 - 6, 1'>78 

DISCHARGE 
CAML 

LEFT RIGHT· 

CAY PLUME 

ANCHOA HITCHILLI 
MICROPCGCN UNOULATUS 

SPECIES 

NIGHT PLUME 

ALCSA AESTIVALIS 
ANCHOA HITCHILLI 
GOBIONELLUS BOLEOSOMA 
LEJOSTOMUS X~NTHURUS 
MENIDIA BERYLLINA 
HICRCPOGUN UNDLlLATUS 
MORONE AMERICANA 

2 2 

LEFT RIGHT 

THEKMAL PLUME 

TCH NO~ 1 
U:fT RIGUT 

2 

TOW NO. l 
LEFT RIGHT 

2 
2 

b 
2 

TOW NU. 2 
LEFT klGIH 

T011 NO. 2 
LEFT HIGHT 

2 

7 

AMlilENT RIVER 

10~ NO. 3 
Llf-T. RIGIIT 

TOIN NO. 3 
LcFT RIGHT 

2 
t, 2 

TOW NO. 4 
LEFT RIGHT 

TOW NO. 4 
LEFT RIGHT 

3 
2 

2 5 

CX) 

0 



Table 5. (continued). 

DECEMBER 14 - 15 l97B 

DISCHARGE 
CANAL 

---------
SPECIES 

LEFT RIGHT 

NIGHT PLUME 

ANCHOi MITCHILLI 3 
HEN1DIA OERYLLINA 
MlCROPCGCN UNOULATUS 6 16 

SP EC !ES 
LEFT RIGHT 

DAY PLUME 

ANCHOA HITCHILll 

THERMAL ----

TCW NOa l 
LEFT RIGHT 

2 2 
2 

TOW NO. l 
LEFT RIGHT 

e 

PLUME 

TU~ NO. 2 
LEFT RIGHT 

4 
2 

TOW NO. l 
LEH KIGHT 

2 2 

AMBIENT 
-------

TOW NO. 3. 
L[fT RlG11T 

2 
2 
2 

TOW NO. 3 
LEFT k IGH T 

\ 

2 

RIVER 

TOW NO. 4 
LEFT RIGHT 

2 
3 
2 

TOW NO. 4 
LEFT RIGHT 

3 3 

.1 

-: 

·-.. 
r, 

r·, 

,-., . ; 



e 
Table 6. Species and calculated number of fish eggs per 100 m3 captured in plume entrainment samples at VEPCO Surry Nuciear · 

Power Plant in 1978. 

SPECIES 

SPECIES 

MARCH 13 - 14, 1978 

IHSCHARGE 
CAf\!AL 

LEFT RIGHT 

DAY PLUl"E NC CATCH AT THIS TJME 

LEFT RIGHT 

llol GHT PLUME 

L~IIOENTIFIED 

THERMAL PLUME 

TCW NO. 1 TOW NO. 2 
LE FT RIGHT LEFT RIGHT 

TOW NO. 1 TOW NO. 2 
LEFT RIGHT LEFT RIGHT 

AMBIENT RI VER 

TOW NO. 3 TOW NO. 4 
LEFT RIGHT LEFT RIGHT 

TOW NO. 3 TOW NO. 4 · 
LEFT RIGHT LEFT R [GHT 

00 
N 



e 
Table 6. (continued).· 

MARCH 27 - 27, 1978 

DISCHARGE 

SPECIES 

DAY PLUME 

. -
MCRCNE ~MERIC~N~ 
U'-JCENTIF IED 

SPECIES 

NIGHT Pll.l"E 

MO RONE AMER !CANA 

CANAL . --~---
LEFT RIGHT 

LEFT RIGHT 

THERMAL PLUME 

TOH NO~ l 
LEFT RIGHT 

2 
2. 

TOH NO. 1 

2 

LEFT· RIGHT 

TOH NO. 2 
LEFT -· RIGHT 

TOH NO. 2 
LEFT RIGHT 

·.' ~ , ' ': .... 

~MBIENT _RIVER 

------.-----
TOW ND. 3 TOW NO. 4 

LEFT RIGHT LEFT RIGl:IT 

TOW ND. 3 TOW NO. 4 
LEFT RIGHT LEFT RIGHT 



·-
Table 6. (continued). 

APRIL 11 - 11, 1978 

DISCHARGE THERMAL PLUME AMR IE NT RI VER 
CANAL ---- --------------

SPECIES T~ N06 1 TOW NO'. 2 TOW NO. 3 TOW NO. 4 
LEFT RIGHT LEFT RIGHT LEFT 'RIGHT LEFT RIGHT LEFT RIGHT 

CAY PLUM!: 

ALOSA SAP In ISSI MA 3 3 2 
CYPJl lNlS. CARPIO 87 105 42 26 3 5 4 3 
OCRCscr,,A CEPEDIA~UM 15 5 
OQJlCSO~A PETE~ENSE 3 7 
CCROSOl'A SP. 13 6 3 3 2 3 
MORGNE A~ ER ICANA 10 42 50 14 20 
r,,oROI\E SAllA Tl LIS 2 2 

co 
.i,,. 

SPECIES TOW NO. 1 TOW NO. 2 TOW Nn. 3 Tnw NO. 4 
LEFT. R !GHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 

1,1 

NIGHT PLUME 

ALOSA SAF IDISS IMA 2 3 
CYPR INlS CARPIO a 2 2 
COROSO~A CEPED1ANUM 2 
CCRCsor,,A SP. 5 3 
~CRCNE AMERICANA 5 5 36 3 



Tab le 6. (continued). 

SPECIES 

APRIL 18 - 19, 1978 

DISCHARGE 
CANAL 

LEFT RIGHT 

CAY PLUME 

CYPR INLS CAQPIO 
CCRCSCl'A SP. 
flORONE AMERICANA 

SPECIES 

NIGHT PLUME 

Al(' SA SAP IOI SSI MA 
CYPRINLS (AqPlO 
CORrJSOl'A SP. 
flORONE AIJER ICAM 

5 
3 

LEFT 

4 

RIGHT 

7 

THERMAL PLUME 

TOW NO. l 
LEFT RIGHT 

4 
2 
1 

TOW 
LEFT 

,.. 

2 
2 

27 

NO. 1 
RIGHT 

2 
7 

20 

TOW NO. 2 
LEFT RIGHT 

14 4 

TOH NO. 2 
LEFT RIGHT 

2 

10 5 
15 10 

AMBIENT RIVER 

TOW NO .• 3 TOW NO. 4 
LEFT RIGHT LEFT RIGHT 

TOW NO. 3 TOW NO. 4 
LEFT RIGHT LEFT RIGHT 00 

U1 

2 

.I 



e 

Table 6. (continued). 

APRIL 24 - 24, 1918 

Cl SCHAP.GE THERMAL PLUME AMBIENT RIVER 
CANAL ----- -----------

SPECIES TOW NO. 1 TOW NO. 2 TOW NO • . 3 TOW NO. 4 
LEFT .P.JGHT LEFT' RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 

CAY PLl.~ME 

.'!LCSA SP. .3 5, 2 
OCR CJ S0,,4 A SP. 3 4 2 
MORONE AMERICA~A 10 8 12 6 2 5 2 

SP EC IES rnw NO. 1 TOW NO. 2 TOW NO. 3 TOW NO. 4 
LEFT RIGHT LE.FT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT to 

°' 

NIGHT PLUME 

ALCSA S.'!PICISSIMA 2 
OCRCS01"A SP. 3 
MCRCNE AMERICANA 2 

: \ 



e e 
Table 6. (continued). 

MAY 8 - 8, 1978 

DISCHAHGE THERMAL PLUME AMBIENT RIVER 
CANAL ------- -------------

SPECIES TOW NO. l TOW NO. 2 TOW NO. 3 TOW NO. 4 
LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 

CAY PLUME 

C'tPRINUS CARPIO 15 24 41 40 2 2 
OCRCSOflA SP. 10 14 2 
"'CllCNE AMERICANA 86 106 4 2 
.. OllCNE SAXATI LIS 5 2 

SPECIES TOW NO. l TOW NO. 2 TOW NO. 3 TOW NO. 4 00 

LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT -...J 

NIGHT PLUl'IE 1,1. 

CYPRINUS CARPIO 5 6 2 2 
CCRCS0"4A Sr>. 5 
MENIDIA ME"IIDIA 2 
MORONE A"'(RICANA 5 



e 

Table 6. (continued). 

MAY 11 - 11, 1978 

DISCHARGE THERMAL PLUME AMB IFNT RIVER 
CANAL ----~ ------

---------
SPECIES TOW NO. 1 TOW NO. 2 TOW NO. 3 TOW NO. 4 

LEFT RIGH·T LEFT RIGHT LEFT RIGHT LEFT ~IGHT LEFT RIGl:IT 

CAY PLUME 

llCSA SP. 9 8 4 2 1 
CYPR INUS CA'1PIO 4 12 46 36 7 11 4 i 5 
OCRCSOIIA SP. 9 12 8 4 4 
l'IE~IOIA BEAYLLINA 2 
MORONE AP'ERIC.ANA 22 "61 17 18 11 16 2 

00 

SPECIES TCW NO .. 1 TOW NO. 2 TOW NO. 3 TOW NO. 4 00 

LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT. 

l\jJGHT PLUME 
I,) 

CYPIIINUS CARP IO 7 7 11 8 2. 



Table 6. (continued). 

HAY lo - 17, 1978 

SPECIES 

NIGHT PLUME 

MEN IDIA BERYLLINA 

SPECIES 

DAY PLUME 

DISCHARGE 
UNAL 

LEFT RIGHT 

4 

LEFT RIGHT 

NO CATCH AT THIS T[ME 

THERMAL PLU~E 

TOW NO. 1 TOW NO~ 2 
LEFT RIGHT LEFT RIGHT 

TOW NO. 1 TOW NO. 2 
LF.FT RIGHT LEFT RIGHT 

AIIIBIENT RIVER 

TOW NO. 3 TOW NO., 4 
LEFT R 1.GHT LEFT RIGHT 

TOW NO. 3 TOW NO .. 4 
LEFT RIGHT LEFT RIGHT 

e 

CX) 

I.O 
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Table 6. (continued). 

SPECIES 

SPECIES 

1'1EN JOI A 

,..e.y 30 - 31, 1978 

DAY PLUME 

NI GH1 P LIJ~E 

BERYLL INA 

DISCHARGE 
CANAL 

LEFT RIGHT 

NO CATCH AT THIS TIME 

LEfT RIGHT 

4 

e 

THER HAL PLUME AMBIENT RIVER 

TOW NO. 1 TOW NO. 2 TOW NO. 3 TOW NO. 4 
LEFT RIGHT LEFT RIGHT LEFT . RIGHT LEFT RIGHT 

TOW NO. 1 TOH NO. 2 TOW NO. 3 TOW NO. 4 
LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 

IL) 

0 

3. 



. Table 6. (continued) • 

JUNE 15 - 16, 1978 

DISC~ARGE. 
CANAL 

THERMAL PLUME AMBIENT RIV.ER 

---------
SPECIES TOW NO. l TOW NO. 2 TOH NO. 3 TOW NO. 4 

LEFT ~IGHT LEFT RIGHl LEFT RIGHT LEFT RIGHT LEFT RIGHT 

DAY PLUP,,E 

M EM BRAS "ARTINICA .2 2 

SPECIES TOW NO. 1 TOW NO. 2 TOW NO. 3 TOW NO. 4 
LEFT RIGHT LEH RIGHT L.EFT RIGHT LEFT ~IGHT LEFT· RIGHT 

I.O 
p 

NIGHT PLU'1E 

"EMeRAS MART1NICA i, 2 2 9 
MORCNE AP,,ERICANA 2 

. ' 

•.. 



Table 6. (continued). 

JUNE 2B - 28, 1978 

DISCHARGE . 
CANl\L 

SPECIES 
' LEFT RIGHT 

NIGHT PLLIIE 

A NC HCA ti ITCH I LLI 6 

SPECIES 
LEFT RIGHT 

CAY PLU~E 

ANCHOA M JTCHILLI 13 9 

---------------------------~--------------, 

e 

THERMAL PLUME 

TOW NO. 1 
LEFT RIGHT 

6 

TOW NO. 1 
LFFT RIGHT 

1}1 9 

/ 
I 

TOW NO. 2 
LEFT RIGHT 

TOW NO. 2 
LEFT RIGHT 

3 24 

e· 

AMBIENT RIVER 

TOW Nn. 3 TCW NO. 4 
LEFT RIGHT LEFT RIGHT 

TOW NO. 3 TOW NO. 4 
LEFT RIGHT LEFT RIGHT 

~ 

N 

8 5 



i ··41 e 

Table 6. (continued). 

JULY 2 5 - 26, 1918 

SPECIES 

DAY PLUME 

ANCHOA MITCHILLI 
1.11\ICENTIFIED 

SPECIES 

0 l SCliARGE 
CANAL 

LEFT k IGHT 

I-EFT 

9 
3. 

RIGHT 

NIGHT PLUM~ NG CATCli ,1 THIS TIME 

THERMAL PLUME 

TOW NOe 1 TUW Nu. l 
U:fT R lGHT LEFT RIGHT 

2 

TCW I\G. l TOW NOo 2 
LEFT R ,~UT LEFT RIGHT 

AML>IENT RIVER 

row Nu • .j 

Ll:FJ kl GHT 

TOW NOe 3/ 
LEFT RIGHT 

TOW NO. 4 
U:fT RIGHT 

TUW NO. 4 
LEFT RIGHT 

e. 

_.... 
I ' 



. 
e 

Table 6. (cantinued). 

(IUGl.ST l - 1, 1978 

DJSCl1ARGE T 11[R/1AL i>LUM.; · AMUll:NT klVEk CANAL ------ ------- ----------
SPECIES TCh NU. l T Ow 1110. 2 TUW NO. 3 TOIIII NO.· 't LEfT RIGHT LE~T RIGHT LEfT RIGHT LEFT RIGHT LEFT RIGHT 

DAY PLUME 

A.IIICHGA N ITCH.ILLI 71 . 67 2 12 15 

SPECIES 
LEFT RIGHT · 

TUW NO. ! 
LEFi RIGHT 

TOW NO. 2 
LEI-T RIGHT 

TUl\·NO. 3 
Ll:FT k IGHT 

TUW NO. 4 
LEFT . RIGHT 

NIGHT PLUH~ NIGHT SA~PLlNG A8URTED 



Table 6. (continued). 

ilUGUST 7 - ti, 1978 

SPEC lES 

NIGhT PLUME 

GORICSCMi1 BOSCI 

SPECIES 

CAY PLUH 

ANCHOA MITCH I Lll 

DISCHARGE 
CANAL 

LEH RIGHT 

LEFT RIGHT 

THEkHAL PLUME 

TC!i NO. l TOW NU. 2 
LEFT RIGHT LEFT RIC.HT 

TGW NO. l TOW NO. 2 
LEFT RIGHT LEFT klGHT 

3 l 1 

e 

AKB 11:NT RI VER 

TOW NO. 3 TOW NO. 4 
LE:H RIC.HT LEfl RIGHT 

TUllil NO. 3 TOW NDe 4 
LEFT KIGHT LEFT RIGHT 

\.0 
Ul 



Table 6. (continued). 

SPECIES 

AUGI.ST i 7 - 17, 1976 

IJISCHAkGE 
CANAL 

LHT k llilH 

DAY PLU/olE 

ANCHOA MITCHILLI 9 

SPECIES 
LEFT RIGHT 

NIGHT PLUME NO CATCH Al THIS TIME 

Ttil:IH"AL PLUME 

TUi'I NO. 1 
.LEFT .RIGIH 

7 2 

lCW NO. l 
LEf.T RIGHT 

TUw NO. 2 
LH r kllitH 

2 2 

TOLi! NO. 2 
LEH RIGHT 

AMlJIENT kIVER 

IU11> NU. J 
Lt:1-1 · _klliHl 

fUt,,j NU. 3 
!,.Efl RIGHT 

TUw NO. 't 
Ll:H KIGHT 

TOW NOo 't 
LEH klGHT 

e 



e (°", . 

Table 6. (continued). 
'i 

I 
AUGUST 21 - 22, 1 'ii 11: ·-, 

DISCHAllGE THkMAL PLUME AM1.1 ll:NT RI Vlk CANAL ----- ------ ---·-, ------
SPEC J°ES TCw NO. l TU1o1 NO. 2 T011 NU. 3 TOW NO. 4 LEFT RIGHT LEH · RIGHT LEFT RIGHT LEFT .. RIGHT LEFT RIGHT 

NIGHT PU.ME 

ANCHOA ti JTCHI lLI 52 11 2 18 22 2 s 8 

SPECIES Tew NO. l 
LEFT RIGHT 

TUW NO. 2 
U:fT RIGHT 

TOW NO. 3 
LEfT RIGHT 

TOW NO. 4 
LEFT RIGHT LEFT RIGHT 

DAY PLUME. 

ANCHOA MITCHllLI 3 3 2 2 

) 



e e 

Table 6. (continued). -, 

AUGl.ST 24 - 25, i978 -. 
DISCHARGE THEH~AL PLUME AMblt:NT RI\/Elt 

CANAL ---------
SPECIES TCJW NCJ ~ l TOW NO. 2 TOIi! NO. 3 TOh NO. 'e 

Ll:FT RIGHT LEFT l'il GtlT LEFT kl GHT LEFT klGHT LEFT. RIGHT 

.-. 
DAY PLUME 

A NC HOA IHTCHILLI 

SPECIES TCW NC. l TOl'tl NCJ. 2 row NO. J TOW NO., 't 
LEFT RIGHT LEFT RIGHT LEFT RIGHT LEt-T klGHT U:FT R!GHT 

\,0 

co 

NIGHT PLUME 

ANCHCA M ITCHILLI 17 2 2 2 2 



-
Table 6. (continued). 

SEPTEMBER.11 - ll, l97li 

SP EC JES 

CAY PLUME 

ANCHOA MITCHJLLI 

SPECIES 

C I!iCtiA RG E 
CAf\AL 

LEFT R I.GIil 

LEFT RIGHT 

NIGHT PLUME NG CATCH ~T JtilS TIME 

THEkMAL. ______ ..;. 

Hw NO. l 
LEFT . kHil1T 

. TC~ NU. l 
LEFT RIGHT 

l'LUME. Al'ld I !:NT Kl Vt:K -------.. -----. 

TOw NU. ·,1. fUk NO. .1 TUIN NO. 4 
LEF.T K lGHT LU·l Kit.HT LEFT RIGHT 

. :, 

3 

TOW NO. ,/. H.IW NO. 3 TOw NO. 4 
LEFT klGHT LEF.T KIGHT LEFT RIGHT 

-' . 



Table 6. (continued). 

SPECIES 

SEPTEMtHR 25 - 26, 19 lB 

DISCHAKGE 
CAML 

LEFT RIGHT 

THl:RMAL PLUME 

lCW NO. l row No. 2 
LHT KIGHT Lt:fl KIGHT 

DAY PLUME NO CATCH AT ThIS TIME . 

SP EC IE S 
LEFT 

NIGHT PLUME 

FUNOULUS C[APHANUS 

RIGHT 

.3 

T CW NC. 1 
LEFT RIGHT 

TOW NU. l 
Ll:FT KIGHT 

· AMUlt:NT IUV!:k 

TOW NU. 3 
Lffl RIGHT 

TOW NO. j 

LE fl R lGHT 

TUW NO. 4 
U:f.I RIGHT 

TOW NO., 4 
LEfl , RIGHT 

I-' 
0 
0 
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Table 7. Salinity (0 /ao) at VEPCO Surry Nuclear Power Plant during plume entrainment stations 

in 1978 (D = Day; N =Night). 

DISCHARGE Cl\NAL PLUME AMBIENT RIVER WATER 
DATE Surface Midwater Bottom Surface Midwater Bottom Surf[1ce Bottom 

Jan. 24 D 0.1 0.1 O.l O.l 0.1 O.l 0.1 0.1 
Jan. 24 N 0.2 0.2 0.1 0.1 0.1 0.1 O.l 0.1 

Feb. 23 D 2.0 2.0 2.0 1.1 1. 2 1. 3 0.6 0.8 

Feb. 23 N 2.3 2.3 2.3 0.6 0.7 1.5 0.5 0.5 

Mar. 13 D 1.0 0.9 1.0 0.8 0.6 0.2 O.l 0.3 
Mar. 13 N 0.6 0.6 0.6 0.6 0.6 0.6 0.2 0.2 

Mar. 27 D 0.4 0.4 0.4 0.3 0.2 0.1 0.3 0.1 
Mar. 27 N 0.3 0.3 0.3 0.2 0.3 0.2 0.2 0.2 

Apr. 11 D o.~ 0.2 0.2 0.1 O.l 0.1 0.1 0.1 
Apr. 11 N 0.2 0.2 0.2 0.2 0.1 0.1 0.1 0.2 

Apr. 18 D. 2.9 2.9 2.8 1. 6 2.2 1. 7 0.9 0. 8 

Apr. 19 N 2.6 2.6 2.6 1.1 1. 6 1. 7 1. 7 1. 7 

Apr. 24 D 2.8 2.8 2.8 2.0 2.0 2.0 1. 0 0.9 

Apr. 24 N 2.7 2.7 2.7 1. 8 1. 8 1. 8 1. 0 1.1 

May 8 D 0.2 0.1 0.2 0.1 0.1 0.1 0.1 0.1 

May 8 N 0.1 0.1 0.1 0.1 O.l 0.1 O.l 0.1 

May 11 D 0.1 0.1 0.1 0.1 o· .1 0.1 o. 1 0.1 

May 11 N 0.1 0.1 0.1 0.1 .o .1 O.l 0.1 0.1 

May 16 N * * * * * * * * 
May 17 D * * * * * * * * 

1--' 
0 

1--' 
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Table 7. (continued). 

DISCHARGE CANAL PLUME AMBIENT RIVER WATER 
DATE Surface r~idwater Bottom Surface Midwater Bottom Surfuce Bottom 

May 30 D 0.9 0.7 0.7 0.2 · 0. 2 0.1 0.2 0.2 
May 31 N 0.7 0.7 0.7 0~5 0.4 0.2 0.2 0.2 

Jun. 15 D 2.1 1. 7 1. 7 1.0 0.6 0.5 0.7 0.8 
Jun. 16 N 2.0 2.1 2.0 o. 6 · 0.5 0.5 1. 0 0.7 

Jun. 28 N 3o5 3.5 3.5 2.6 2·. 7 2.6 2.4 1. 8 
Jun. 28 D 3.2 3.2 3.2 1. 0 1. 2 1. 4 1. 2 1.1 

Jul. 25 D 5.2 5.2 5.2 3. 5. 3.8 4.2 2.0 3.6 
Jul. 26 N 5.8 5.9 5.9 4.2 4.3 4.4 3.2 _3. I 

Aug. 1 D 6.3 6.1 6.1 2.9 3.-7 4.1 .. 3. 2 3.2 I-' 
0 

2.3 
tv. 

Aug. 7 N 4.2 4.2 4.2 3.5 2.8 2.8 2.6 
Aug. 8 D. 3.6 3.6 3.6 3.1 2.7 2.5 1. 0 1. 4 

Aug. 17 D 4.6 4.6 4.6 2.8 3.1 3.1 1. 6 1. 6 
Aug. 17 N 4.0 4.0 4.0 3.1 _l. 7 1.9 1.2 1. 2 

Aug. 21 N 5.1 5.0 5.0 3.8 3.9 3.8 1. 8 1. 9 
Aug. 22 D 5.0 5.1 5.0 5 .• 0 4.6 3.8 1. 6. 2.6 

Aug. 24 D 5.5 5.6 5.6 4.0 4.3 4.3 1.5 - 2_. 3 
Aug. 25 N 5.9 5.9 5.9 4.6 4.6 4.6 3.b 2.9 

Sep. 11 D 8.9 8.2 8.9 7.8 7 ._5 7.5 4.5 4.7 
Sep. 12 N 8.2 8.2 8.2 6.9 7.2 7.2 4_. 1 5.3 



Table 7. (concluded). 

DISCHARGE CANAL PLUME AMBIENT RIVER WATER. 
DATE Surface Midwater Bottom Surface Midwater Bottom Surfc:tce Bottom 

Sep. 25 D 8.5 8.4 8.5 6. 5 · 6.3 6.6 4.4 4.5 
Sep. 26 N 8.5 8.4 8.4 5.0 6.1 7~0 5.3 5.2 

Oct. 16 N 5.9 6.0 6.0 2.9 5.4 5.4 2.7 2.7 
Oct. 17 N 5.3 5.3 5.3 4.3 3.9 4.3 2.6 2.5 

Nov. 13 N 11.1 10.9 10.9 9.9 7.5 8.9 7.5 8.4 
Nov. 14 D 10.6 10.7 10. 7 8.6 9.4 9.7 6.4 9.2 

Nov. 30 N 10. 2 10.3 10.2 6.0 6.8 9.0 5.1 6.7 
Dec. 1 D 8.9 8.9 8.9 8.9 8.0 7.7 5.3 6.2 

Dec. 5 D 8.9 8.5 8.5 4.3 5.6 5.7 4.9 5.6 I-' 

Dec. 6 N 8.1 8.2 8.1 7.7 7.2 7.0 4.4 5.5 0 
w 

Dec. 14 N. 4.4 4.1 4.1 2.3 2.6 2.7 2.1 2.0 
Dec. 15 D 4.4 4.5 4.5 2.3 2.5 3.5 2.2 2.2 

,./ 

* Data misplaced by the chemistry lab. 
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Table 8. Water temperature (C) at VEPCO Surry Nuclear Power Plant during plume entrainment 

stations in 1978 (D = Day; N =Night). 

DISCHARGE CANAL PLUME AMBIENT RIVER WATER 
DATE Surface Midwater Bottom Surface Midwater Bottom SurfLLce Bottom 

Jan. 24 D 11.0 10.2 10.2 2.0 3.0 3.1 5.7 5.1 
Jan. 24 N 11. 3 11. 7 11. 8 2.4 5.6 5.8 8.5 6. 8 

Feb. 23 D 11. 4 10.7 10.4 5.3 5.5 6.1 0.3 0.9 
Feb. 23 N 11. 8 1~.o 11. 2 2.8 2.8 3.0 2.5 2.4 

Mar. 13 D 15.9 15.4 15.3 12.3 10.0 5.4 5.3 5.5 
Mar. 13 N 15.6 15. 3 15 .1 14.5 13.0 11. 9 6.5 7.2 

Mar. 27 D 16.6 .16.2 16 .1 13.6 12. 8 12. i 13.2 12.0 
Mar. 27 N 18.3 18.0 18.l 14.8 14.0 13.8 12.5 12.5 

Apr. 11 D 23.5 23.2 23.2 16.8 16.0 . 16. 0 19. 0 18.0 
Apr. 11 N 23.8 23.4 23.4 20.0 16.0 16.0 18.4 18.4 I-' . 0 

ii::. 

Apr. 18 D 21. 2 20.5 20.2 17.8 18.8 18.0 16.2 * 
Apr. 19 N 21. 0 20.5 20.5 16.8 17.4 17.5 17.5 17.7 

Apr. 24 D 19. 2 18.5 18.5 17.7 17.5 17.7 . 16. 5 16.5 
Apr. 24 N 21. 0 20.5 20.5 19. 2 18.8 18.8 17.2 17.3 

May 8 D 20.3 19. 8 19. 2 17.0 16.0 15.5 14. 7 14.0 
May 8 N 20.5 20.5 20.0 16.5 16.5 16.5 15. 5 15.5 

May 11 D 22.9 23.0 23.1 21. 8 20.5 19. 0 22.0 18.0 
May 11 N 24.5 23.0 23.0. 19. 2 18.9 18.8 18.6 18.4 

May 16 N 28.5 27.0 27.0 24.5 22.5 22.0 23.5 22.0 

May 17 D 2 8. 5 27.5 27.5 24.8 24.3 23.7 23.7 23.7 



Table 8. (continued). 

DISCHARGE CANAL PLUME AMBIENT RIVER WATER 
DATE Surface Midwater Bottom Surface Midwater Bottom Surftice Bottom 

May 30 D 31. 2 30. 0 29.0 25.0 24.0 23.5 25.0 24.0 
May_ 31 N 29.2 28.5 27.5 26.0 25.0 24.0 · 2 3. 5 23.5 

Jun. 15 D 31. 0 29.8 29.3 27.5 26.3 25.5 26.8 26.3 
Jun. 16 N 28.5 28.5 28.0 24.0 23.5 23.5 25.2 23.5 

Jun. 28 N 32.6 31. 0 29.8 29.0 27.5 29.0 29.0 2 8. 2 
Jun. 28 D 35.3 34.0 33.8 29.4 29.5 29.7 29.8 29.4 

Jul. 25 D 33.5 33.0 33.0 30.8 30.6 31. 2 29.2 30.0 
Jul. 26 N 33.0 32.2 32.3 30.2 30.2 30.2 29.5 28.8 

Aug. 1 D 32.5 32.2 32.2 28.8 29.3 29.5 29.6 29.1 I-' 
0 
lJl 

Aug. 7 N 37.2 36.0 36.2 33.8 31. 5 31. 5 30.5 30.0 
Aug. 8 D. 37.1 36.3 36.2 34.5 33.0 31. 8 29.2 29.3 

Aug. 17 D 37.5 36.5 36.5 33.5 33.0 33.2 31. 0 31. 0 
Aug. 17 N 39.1 38.0 37~8 35.2 31. 5 31. 5 31. 0 30.5 

Aug. 21 N 36.0 35.8 35.4 33.0 32.9 32.8 29.0 28.0 
Aug. 22 D 36.5 35.5 35·. 5 35.5 34.2 32.8 29.5 29.5 

Aug. 24 D 39. 0 38.9 3 8. 4 34.3 32.4 32.6 29 .• 5 30.1 
Aug. 25 N 37.2 36.0 35.3 33.2 31. 3 31. 3 30.4 29.3 

Sep. 11 D 36.5 35.5 35.0 33.8 32.5 32.5 28.0 2 8. 0 
Sep. 12 N 34.5 33.8 34.0 30.3 29.8 30.0 26.8 27.8 
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Table 8. ( concluded) • 

DISCHARGE CANAL PLUME AMBIENT _RIVER WATER 
DATE Surface. Midwater Bottom Surface Midwater · Bottom Surfc:i.ce Bottom I 

Sep. 25 D 33.5 32.8 33.0 29.0 27.9 20.5· 24.3 24.i . 1. 

Sep. 26 N 31. 5 31. 0 30.8 24.0 25.0 28. 0 24. O 23.5 

Oct. 16 N 27.6 27.0 26.5 21. 0 24.0 25.0 . 18. 0 18.0 
Oct. .17 D 26.0 26.0 25.0 19. 5 19.5 21. 0 17.5 17.0 

Nov. 13 N 23.0 23.0 23.0 20.0 16.3 18.0 16.4 16.4 
Nov. 14 D 23.0 22.5 22~5 17.5 19. 0 19.5 . 15. 0 17.5 

Nov. 30 N 19.9 19.2 20.6 12.0 13.2 16.0 10.8 12. 8 
Dec. 1 D 19 .1 18.8 18.8 19. 0 15.5. 15. 0 10.4 10.5 

Dec. 5 D 21. 0 21. 0 20.6 11. 8 14 .-o 14.2 ·12. 3 13.8 j-J 

Dec. 6 N 22.0 20.3 21. 0 19.2 16.8 1.5. 8 12.0 13. 0. 0 

°' 
Dec. 14 N 14. 5 14.0 14.0 8.0 7.0 ·* 7.5 7. 5· 
Dec. 15 D 13.2 13.0 13.0 7.5 7.5 7.0 7.0 7.0 

* Data not recorded. 
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Table 9. Dissolved oxygen (mg/1) at VEPCO Surry Nuclear Power Plant during plume entrainment 

stations in 1978 (D ~· Day~ N = Night). 

DISCHARGE CANAL PLUME AMBIENT RIVER WATER.· 
DATE Surface Midwater Bottom Surface Midwater Bottom Surf ace · B.ottom 

Jan. 24 D 13.0 12.1 12.2 12.5 12.1 . 11.9 11. 7 10.1 
Jan. 24 N 11.0 11.1 . 11.1 12 .1 11. 5 .11. 4 11.1 11.3 

Fep. 23 D 11. 7 11. 7 11. 7 12.1 11.9· 11.8 · ·12 .1 . 12. 2 
Feb. 23 N 12.0 12.0 12.0 11.9 12.l 11. 8 12.2 12.0 

Mar. 13 D 11.0 11.0 11.0 11.2 11. 2 11. 3 11. 2 · 11.2 
Mar. 13 N 11. 3 11. 3 11. 2 11.1 11. 2 11.1 11. 2 11.1 

Mar. 27 D 9.5 9.5 9.5 9.4 9.6 9.7 9.5 9. 8 
Mar. 27 N 9.6 9.5 9.3 9.3 9. 5. 9.3 9.6 9.4 

Apr. 11 D 8.5 8.2 8.3 8.8 9 ;4 9.0 8.5 8.6 
Apr. 11 N 9.0 8.u 8.9 8.7 9.2 9.0 8.3 8.4 

Apr. 18 D 8.7 8.8 8.8 9.d 8.9 8.8 .. 0. 9 9.5 
Apr. 19 N 8.4 8.7 8.8 9.0 8.5 8.5 8 .6 8 •. 7 

Apr. 24 D 8.6 9.0 8.5 8.6 8.3 8.4 8.8 8.6 
Apr. 24 N 8.8 8.9 8.5 8.8 8.7 8.8 8.9 9.1 

May 8 D 8.7 8.3 8.5 8.4 8.5 7.8 8.0 8.1 
May 8 N 8.4 8.4 8.3 8.2 8.1 8.4 8.2 8.4 

May. 11 D 7.7 7.9 8.2 6.8 7.5 7.6 8.2 8.2 
May. 11 N 7.8 8.0 8.1 8 .• 2 8.0 7.9 8.0 7.8 

May 16 N ·* * * * * * . *. * 
May 17 D * * * . * * * *: * 

I-" 
I a 

-..J 
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Table 9. (continued). 

DISCHARGE CANAL PLUME AMBIENT RIVER WATER 
DATE Sµrface Midwater Bottom Surface Midwater Bottom Surfo.ce · Bottom 

May 30 D 7.3 7.0 6.9 7.1 7.0 7.0 7.3 6.9 
May 31 N 6.5 6.8 7.0 6.7 6.9 6.6 6.9 6.7 

Jun. 15 D 6.8 6.8 6.7 7.5 7.4 7.4 7.6 7.5 
Jun. 16 N 7.1 6.7 6.4 7.5 7.4 7.4 7.3 7.1 

Jun. 28 N 6.7 6.4 0.0 5.8 6.1 5.1 · 5. 3 5.3 
Jun .. 28 D 7.0 7.0 7.2 7.1 7.1 7.0 7.3 7.1 

Jul. 25 D 6.3 6.5 6.5 7.1 7.0 7.0 6.9 6.2 
Jul. 26 N 6.3 6.2 6.0 6.7 6.7 6.7 7.0 7.0 

Aug. 1 D 6.3 6.5 6.0 6.8 6~4 5.9 6.2 6.2 I-' 
0 
00 

7 6.1 6.3 6.4 6,. 4 Aug. N 6.2 6.4 6.6 6.5 
I' Aug. 8 D. 6.4 6.3 6.3 4.1 4.8 5.0 6.7 6.6 

Aug. 17 D 5.6 6.1 5.5 5.9 6.0 6.3 6.1 6.2 
Aug. 17 N 6.0 5p9 5.5 6.7 6.6 6.1 6.4 6.4 

Aug. 2+ N 6.2 6.2 6.1 '** 6.6 6.5 6.9 6.7 
Aug. 22 D 6.3 6.2 6.2 6.2 6.2 6.3 6. 6·. 6.2 

Aug. 24 D 6.1 6.3 6 •. 4 6.5 6.5 6.4 6.8 7.2 
Aug. 25 N 6.6 5.9 6.3 6.7 6.3 7.0 7.0 7.2 

Sep. 11 D 6.5 1.2· 7.7 7.3 7.4 7.3 7.5 7.1 
Sep. 12 N 6.6 6.4 6.4 6.4 6.4 6.5 6.6 6.7 
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Table 9. (concluded). 

DISCHARGE CANAL 
DATE Surface Midwater Bottom 

Sep. 25 D 6.4 6.4 6.4 
Sep. 26 N 6.7 6.5 7.0 

Oct. 16 N 7.4 7.3 7.4 
Oct. 17 D 7~4 7.5 7.7 

Nov. 13 N 7.1 7.8 7.4 
Nov. 14 D 7.5 7.8 7.4 

Nov. 30 N 9.4 9.3 9.9 
Dec. 1 D 8.9 8.8 a.a 

Dec. 5 D 8.2 8.6 8.5 
Dec. 6 N 8.2 8.3 8.4 

Dec. 14 N. 9.6 9.6 9.6 
Dec. 15 D ',*** 9.4 9.3 

* Data misplaced by the chemistry laQ. 
** Sample bottle not full, so discarded. 

*** Data deleted because anomalous reading. 

Surface 

6.5 
6.9 

8.6 
7.6 

7.6 
7.7 

8.7 
6.4 

9.1 
8.3 

10 ~ 1 
9.9 

PLUME AMBIENr RIVER WATER 
Midwater Bottom Surfuce Bottom 

6.7 6.7 7.0 7. L 
6.8 6.2 6.5 6.7 

7.4 7.6 7.7 · · 7. 5 
7.7 7.7 *** 8.0 

7.7 7.7 7.8 7.6 
7.5 7.6 6.9 6.8 

9.0 8.5 9.1 8.5 
7.1 7.1 7.4 7.3 

8."9 8.9 9.0 6.6 I-' 
8.4 8.5 8.9 8.8 0 

I.O 

8.8 8.9 9.8. -9.4 
10.2 .10.1 .10.2 10.2 
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Table 10. Descrjptive statistics of dependent (Y1) and independent (Xj) variables. 

January-December 1978 May-October 1978 
(N = 244) (N = 135) 

Standard Standard 
Variable 'Mean Deviation Minimum Maximum Mean Deviation Minimum Maximum 

Y1, Total abundance of fish 3.1 2.002 o.o 7.1 

y2~ Abundance of fish species 1.1 0.666 o.o 2.5 

y 
3 ' 

Fish species diversity 0.6 0.521 o.o 2.1 -
y '+' Total abundance of eggs· 0.8 1.316 o.o 5.6 -
Ys, Abundance of egg species 0.3 0.477 o.o 1.8 

Vs• Egg species diversity 0.1 0.265 o.o 1.2 ..... ..... 
0 

y 
1' Abundance of A. mitchilli fish 2.8 1.982 o.o 6.9 

Ya, Abundance of G. bosci fish 2.4 2.167 0.0 6.9 

y 9. Abundance of A. mitchilli eggs 0.5 . le032 0.0 4.9 
---------------------------------------------------------------------------------------------------------------x1, Temperature 21.2 9.036 1.0 39.0 27.5 5.686 14.0 39.0 

.. 
X2' Salinity 2.8 2. 718 o.o 11.0 2.8 2.269 o.o 9.0 

x3' Dissolved oxygen 8.0 1. 775 0.1 12.5 6.9 0.744 4.7 ·8.5 

x,.' Plume 0.4 0.491 0 1 0.4 0.492 0 1 

Xs, Ambient 0.4 0.490 0 1 0.4 0.492 0 1 

X
6

, Period 0.5 0.501 0 1 0.5 0.502 0 1 



Table 10. (continued). 

January-December 1978 May-October 1978 
(N = 244) (N = 135) 

Standard Standard 
Variable Mean Deviation Minimum Maximum Mean Deviation Minimum Maximum 

X1, Fall 0.2 0.401 0 1 0.1 0.263 0 1 

XB, Winter 0.2 0.371 0 1 

\, Spring 0.3 0.470 0 1 0.4 0.485 0 1 



!ahle ll. Sui::=.ary &tatlstlcs for final stepwise regression equations, 

l'irui.l Equatlon 
y 

1 R" Fs DF Sitr. 

V ~otal abu~dance of fish 0.76 148 5,238 0,001 • l' 

Y;, Abuncance of fish species 0.69 76 7,236 0,001 

y'.jl Fish species diversity 0,55 46 6,237 0.001 

Y., Tutal abundance of eggs 0.39 26 6,237 0.001 

V Ab~~cance of egg species 0.45 32 6,237 0,001 
- ~ JI 

Y,, E;o species diver's tty 0.35 18 7,236 0.001 

Y., ; .. bu~c!a:1.ce of!::.• r.i tc!,11 li fi&h • 0,68 46 6,128 0.001 

Y,, ~::c.t!ance of Q, ~fish 0.49 42 3,131 0.001 

y;• ;.!lu:ida:i.c(: of ~. citchillt eoss 0.20 17 2,131 0.001 

R', Co~:fic1~nt of cultiple dcten:tir.ation 
: 6' F-s=~~istic for test of significance of regression 
DF, Ii-~~r~~L cf fr~cdO::J 
Sig .. ,~i;..;r-.1ftcn.ncc. of rcgrc:ssion 
b,, ?urtial rc;r~ssio~ co~fficient 
.... , s::.;:1if!ca:1t, -P<0.05 
;r~:, Hi~:.l:,· :ai:&r.i!icar.t, P-::0.01 
-.n~:, ~:f.;-::y ~.ig~ly s!.bnifica.nt, P<0.001 
~s, ::ot siz;iificant p:;..0.10 
x.;, !;ot a;:i?!icable 

b1 

Temperature 

0.117*** 

0,02!)t.-k 

0,014** 

-0,036* 

-0.020*** 

-0.019*** 

0, l/.8*'•~ 

0,299*** 

0,067Mrl< 

b2 

Salinitv 

-0.258*** 

-0.073''** 

ns 

n.s 

ns 

n• 

-0.246*** 

-0.258*** 

ns 

e 

b, b, 
Dissolved 

b, b 
' 

b, b, b, b, 

OXV!!Cn Plume A.-nbient Period Fall l\i':'\t.:?r. s~,·ic.c c.,c.,t~"t 

ns ns ns 0,631*"'* -0, 775** -2.2~2*** r.s 1.5;..2 

ns 0.318*** 0,169* 0,310>".-k* ns -0.56i*** 0.45:..*l',.7.· 0,317 

-0,037 0,336*** 0,242,·,tt 0.226*** ns .13 0,6.27*** 0,032 

ns ns -0.962-ki'rk -0.350** -l,2S6«->-k -1.430>°<"-'n> 0,595** 2.!,10 

ns ns -0.339*'""' -0.124** -0.550**'' -0,633*** 0,13:!** l.053 

ns -0.090* -0,198*** -0.065* -0,291*** -0.424*** 0.097* 0,737 

-0.395 ns 0.419 1.063*** ns l(.\ .-2.315*'-"* 2.3.t.!. 

ns ns ns l, 157*** ns I(,\ ns -5.b59 

ns ns -0,377* ns ns NA ns -l, lS5 

1-,' 

N 
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Table 12. Standardized partial regression coefficients with ranks of relative importance in parentheses. 

Y. 
Tem~erature Sal initt Dissolved Oxxgen Plume Ambient Period 1 

yl 0. 526 (1) -0.350 (2) ns (5) ns (5) ns (5) 0.208 (3). 

y2 0.393 (1) -0.298 (2) ns (6) 0.234 (3) 0.124 (5) . 0.233 (4) 

y3 0.246 (2) ns (6) -0.126 (5) 0.317 (1) 0.228 (3) 0.217 (4) 

y '* ... Q.251 (2) ns (5) ns (5) ns (5) -0. 359 {1) -0.133 (3) 

Ys -0.373 (1) ns (5) ns . ( 5) ns (5) -0.349 (2) -0.130 (3) 

y6 -0.650 (1) ns (5.5) ns (5.5) -0.166 (3) -0 •. 365 (2) '."0.122 (4) 

y7 0.426 (1) -0.281 (2) -0.148 (4) ns (6) 0 .104 (5) '0.269 (3) 
I-' 

YB 0. 786 (1) -0.271 · (2) ns (5) (5) ns (5) 0.268 (3) 
I-' 

ns w 

Yg o. 368 (1) ns ( 4. 5) ns (4.5) ns ( 4. 5). -0.180 (2) ns (4.5) · 

Sum of 
Ranks 11 34 45 37.5 30 .31.5 

Overall 
Rank of 1 4 6 5 2 3 

Relative 
Importance 
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ICHTHYOPLANKTON ENTRAINMENT STUDY 

Please refer to the·following report by the Virginia 

Institute of Marine Science for preliminary results and conclusions. 

3.5.2-0 



3.5.2 lchthyoplankton E~t~ainment Study 

Section II a. 

PLANT ENTRAINMENT OF ICHTHYOPLANKTON 

AT THE VEPCO NUCLEAR POWER PLANT 

by 

John V. Merriner 

A. ·oeane Estes 

and 

Robert: K. Dias· 
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INTRODUCTION 

Ichthyoplankton entrainment sampling at VEPCO Surry 

·Nuclear Power Plant was initiated by the Ichthyology Department 

of Virginia Institute of Marine Science in April 1975. 

Objectives of this study were assessment of the kinds and 

amounts of ichthyoplankton bei.ng entrained from the James 

River near Hog Island and passed through the Surry facility. 

VEPCO Surry is located near the f.resh-saltwater transi­

tion zone of the James River. Depending upon river flow 

and salinity patterns in the area, ichthyofauna can range 

from strictly fresh-water species to marine strays. This 

reach of·the estuary serves as spawning grQunds (engraulids, 

gobiids), fish nursery grounds (sciaenids, Brevoortia), 

and migration route (Anguilla, Marone and Alosa). White· 

(1976) reported 84 species representing 38 families in the 

vicinity of Hog Island and VEPCO Surry Nuclear Power Plant. 

Most of these species do not spawn in the vicinity of Hog 
. . . . . 

Island but are found· there as juvenile through adult life 

stages. They are not subject to entrainment. 

Many eggs, prolarval, and larval fishes are pelagic, 

and therefore are transported by water currents. Pelagic 
: . 

fish eggs and larvae are potentially subject to entrainment 

when present in the waters_surrounding the intake structure 

at VEPCO Surry. Intake pumps have a combined capacity to 

withdraw 1.68 million gallons of water per minute from the 

James River. Water velocity at the intake structure trash. 
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bars is approximateiy 1 foot/second (Applicants Environ-

. mental Report), but velocity fie],ds have not been thoroughly 

mapped at distances away from the trash bars (J. White, 

personal communication). 

Samples through December 1978 have been sorted, identi­

fied, enumerated, and stored in vi.als. Data from these 

samples have been punched and are stored on ADP cards. 

Species lists and abundance of fish eggs, larvae, 

juveniles, and adults taken in samples from January through 

December 1978 are presented. Ranges of salinity, dissolved 

oxygen, and temperature for each 24-hour sampling station· 

are also presented. Species composition, trends of abundance, 

statistical analyses of the data set (1978), and impact 

of.entrainment upon the ichthyofauna near Hog Island are 

discussed. 

Sampling visits for plant and thermal plume_ ichthyo­

plankton entrainment during 1978 are presented in Table 1. 

Sampling. intensity reflects anticipated periods of greatest 

spawning activity (April, May). 
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METHODS AND MATERIALS 

Ichthyoplankton·entrainment studies at VEPCO Surry 

· Nuclear Power Plant from January through December 1978 

employed a 0.5 meter paired net apparatus (Fig. 1) equipped 

with conical Nitex nets (505 µ mesh) and General Oceanics 

Digital Flowmeters (Model 2030). Flowmeters were periodi~ 

callycalibrated in the VIMS flume. 

Sampling sites for the 24-hour stations were: (1) 

intake structure forebay directly in front of the trash 

bars, and (2) mid-channel in the discharge canal at the 

roadway bridge. Samples were made at surface, midwater, 

and bottom depths at sample times of 1000, 1400, 1800, 

2200, 0200, and 0600 hours. Tow time at the intake was 

10 minutes and at the discharge was 5 minutes. Temperature, 

salinity, and dissolved oxygen data were recorded for each 

sample at each sample time. 

Tow times at the intake and discharge reflect a com­

promise b~tween sampling equal water volumes and sampling . 

the same water mass at each site. Time of passage throu~h 

the facility (intake to ·.discharge) is approximately one 

hour (J. White, personal communication). Transportation 

time between sites was approximately 15 minutes and occasional­

ly, sampling in the discharge was delayed. 

Dissolved oxygen samples were fixed on station for 

laboratory analysis by Winkler Titration Method. Salinity 

samples were returned to VIMS.for analysis with a Beckman Rs~7 
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induction salinometer. Water temperature was measured 

with a stem thermometer (-35 to 50 c, 1 c interval) and 

recorded in the field sample log. Sea state, weather, 

tidal. stage, turbidity, air temperature, and wind were 

recorded on the log sheet at the time of sampling. 

Samples were preserved in approximately 5% formalin 

in the field and returned to the lab for sorting, enumera­

:tion, and identification. Data are stored on ADP cards. 

Specimens are retained in vials with 5% buffered formalin 

for further stuoy or reference. 

The manual by Lippson and Moran (1974) has been most 

·useful in identification of specimens. Myomere counts 

of small larvae were facilitated by clearing and staining 

(Mook·and Wilcox, 1974). 

Vessels and operators for 24-hour stations were 

provided by VEPCo.· Two VIMS project personnel were re­

quired on each of two 12-hour shifts. 

All calculations. and conclusions presented in this 

report are based on number of organisms per 100 cubic 

meters of water strained unless otherwise stated. 

Statistical methods 

Catch data were subjected to statistical analysis 

(a) to determine the significant spatial and temporal 

trends in the ichthyoplanktonic community, (b) to develop 

regression models which identify the major environmental 

factors of importance to community structure, and (c) to 
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assess significant patterns in two dominant fish popuia­

tions (Anchoa mitchilli and Gobiosoma bosci). 

Six dependent or response variables · (Yi) which reflect 

overall community structure were included in.the analysis 

these were total abundance of fish, abundance of fish 

species, fish species diversity (Shannon index),· total 

abundance of eggs, abundance of egg species·, and egg species 

diversity. The abundance of' A. mitchilli eggs, and~-. 

bosci· fish were also included as dependent variabies. 

[NOTE: For simplicity throughout this report, the species 

abundance and species diversity of the egg stage are re­

ferred to as egg species abundance and egg species diversity, 

respectively.] 

Measures of abundance were computed as Yi·= loge 

(Ci+ 1), where Yi is abundance and Ci is standardized 

catch of collection i (i.e., number captured per 100 cubic 

meters of water strained per collection). Logarithmic 

transformation.of the catch data. was necessary to .convert 

discrete variables to continuous form and to remove hetero­

geneity and non-normality from the data. Measures of 

species diversity were not log~transformed, but were 

analyzed in their original scale. 

Ten indeoendent variables (X.) were chosen for analysis: - . J 

sample depth, water temperature, salinity, dissolved oxygen, 

tide and dummy variables for sampling location, period, and 

seasons (fall, winter and spring). Table 2 summarizes notation 

and defines the dependent and independent variables. 
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Multiple regression was selected as the major method 

to analyze trends in the response variables for the following 

reasons: 

·. (a) Complex· multivariate .;elationships exis.t between 

the abundance of fish and eggs. and environmental variables; 

as a descriptive tool, multiple regression can give a concise 

summary of these.relationships. 

· (b)· · Field survey data are confounded by numerous 

factors since such surveys are observational in nature 

rather than controlled; multiple regression allows :for 

control of some of these confounding factors by the use of 

. "dummy". (categorical) variables. Also, each partial re­

gression coefficient is computed as if the other variables 

in·the equation are held constant, ·thereby removing their 

confounding effects. 

(c) The ability to accurately predict the effects of 

environmental ·change or modification upon living resources 

is .an ultimate goal; multiple regression tE?chniques can ·be. 

used to develop empirical .models with predicitive capabilities. 

Stepwise regression techniques·· (Draper and Smith, 1966) 

were used to develop the "best" regression equation for each 

Y. in the following manner: 
1 

(a) The dependent. variables were plotted against environ-

mental (independent) variables and the data were transformed 

where necessary. 
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(b) Matrices of simple correlation coefficients of 

dependent and independent variables and selected transfor­

mations were computed. 

(c) Using the multiple regression model . .. 
1. = B ~BX +Bx- + •.. +BX + E 

1 0 11 22 pp 

where Yi is.abundance or species diversity; X. is some 
' J' . 

function of.one of the selected environmental variables, 

and B. is a partial regression coefficient, a stepwise 
. J' ' 

regression was performed to identify those parameters 

which explain a significant portion of- the variation in 

_the model. 

:(d) For each final regression equation residuals 

were analyzed to detect possible violations of the basic· 

·assumptions that the errors were independent, had zero' 

mean, constant variance and followed a normal distribution. 

Computations were made using SPSS version 6.02 (Nie, 

et al., 1975) .. · Independent variables were retained in 

th$ E:!quations if .. their partial· regressipn coefficients 

(bj) could be declared significantly different·from zero 

at P<0.10.. Equations ror the community structure variables, 

(Y through Y, Table 2) were based upon data 'from.January 
l 6 

through December 1978. Equations for~- mitchilli and G. 

bosci (Y
7 

through Y!J) were based on q,ata from May through 

October 1978, the time period in which eggs and larvae 

of these species. are known to occur. 
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RESULTS AND DISCUSSION 

Seasonal trends in species composition and abundance 

Number of species (fish) decreased from January to 

March when lowest numbers were recorded (Table 3; Fig. 2). 

Number of species increased in April and remained relatively 

stable through mid-June.. A slight decrease was recorded in 

mid-'.June and afterward remained stable through September. 

A decrease was recorded in October and little fluctuation 

occurred through December. Highest number of species was 

recorded on 18-19 May. 

Fish eggs were taken from January through September 

(Table 3; Fig. 3). January, February, and March samples 

each yielded one egg in the discharge canal which remains 

unidentified at present. Number of species increased 

through late April when a slight decrease was recorded. 

Number of species again increased in May and highest 

numbers were recorded on 18-19 May. Number of species then 

declined in late May·and fluctuated at lower numbers 

through September. Discharge canal samples consistently 

captured more species of eggs than intake samples; i.n­

dicating spawning activity in either the high level intake 

canal or the discharge canal. 

Calculated number of fish per 100 m3 was less than 

one fish per 100 m3 from January through March (Fig. 4). 

Slight increases were recorded in early April but numbers 
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fell again in late April and early May. Number of fish 

again increased in mid-May l:>ut fell in l.ate May. Sharp 

increases were recorded in June and a slight decline.was 

recorded in July. Another increase was recorded in August· 

. when highest numbers were reached. A drastic decline was 

recorded in September and numbers remained very low 

through December. 

Increased fish abundance during mid-April (Fig. 4) was 

due to catches of larval white perch, Merone americana.and 

striped bass, Merone saxatilis. Again in mid-May, white 

perch and striped bass contributed to increased abundances 

(Table 4). Larval river herring, Alosa species also contri-

buted greatly to the increased abundance in May. Peak 

abundances in summer·.reflect the spawnirig activity of bay 

anchovy, Anchoa mitchilli and naked goby, Gobiosoma bosci. 

Abundance of fish eggs (Fig. 5) ·was relatively low 

through mid-June when increases were recorded with the 

onset of bay anchovy.spawning. Bay anchovy spawning 
. . . . ' - . . . . 

continued through August but ceased in September (Table 

5). Eggs were captured during April and May, with most 

being captured in the discharge canal. White perch, carp 

(Cyprinus carpio) and threadfin or gizzard shad (Dorosoma 

species) comprised the bulk of April and May catches. No 

eggs were captured past September. Highest abundance of 

eggs was recorded on 22-23 June (i.561/100 m3
). 
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Average catch of fish per sample (100 m3 ;·all sa.Inples) 

was constant at the surface, decreased at midwater, and 

increased.at the bottom (Table 6). Average catch per sample 

.. was stratified with depth (greatest catch at bottom) at 

both the intake and discharge. 

Average catch of fish eggs per sample (100 m3 ; all 

samples) increased at the surface and decreased at midwater 

and bottom (Table 6). Fish eggs were also stratified with 

depth at both the intake and discharge. The increased 

catch of eggs in surface discharge waters is presumably 

due to increased turbulence in the discharge canal. 

Bay anchovy and naked goby were the dominant species 
. 

captured during 1978 as in previous years {Jordan et. al., 

1978) (Tables 4,5 ·&7) .. All life stages of bay anchovy 

were captured; gobies were primarily the larval and post-, 

larval stages. Eggs, larvae, and postlarvae of both 

species were commonly taken from April through September . 

. Juvenile and adult anchovies were take11 .. all year .. These. 

two species comprised 89.6 percent of the total yearly calcu­

lated catch for both fish and eggs [bay anchovy= 66.0% (fish 

= 7.5%; eggs= 58.5%); naked goby = 23.6%]. From April-Septem-

ber, the period of larval goby and anchovy spawning, bay 

anchovy comprised 66.0 percent of the total catch (fish= 

7.3%; eggs= 58.7%) and naked goby comprised 23.7 percent 

of the total calculated catch for that time period. Naked 

goby was the most abundant fish captured reaching concen­

trations of 15/m3 on 17 August (Table 4). Bay anchovy 
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concentrations of ·s/m3 wer~ recorded on 17 August. Bay . 

anchovy eggs wer.e the single most abundant organism 

captured, reaching concentrations of 95/m3 in one tow 

on 22 June· (Table 5) . 

. Total yearly calculated catch· (100 m3
) of bay anchovy 

(fish and. eggs) was down·by 38 percent from the catch ±n 

1977 (approximately 88,400 versus 143,000). Bay anchovy rose 

slightly as a percent of total catch over 1977 (66.0% 

versus 65.5%) while total catch of all fish and eggs 

decreased (134,000 versus 209,000 or 35.9%) (Jordan et. 

al., 1978). Average catch (yearly) of bay anchovy per 

sample (100/m3
) decreased from 107/sample to.63/sample. 

Total yearly calculated catch of naked goby decreased 

by 35.5 percent from 1977 (31,600 ver~us 49,000). Percen­

tage of total· catch rose slightly (23.6% versus23.0%) 

(Jordan et. al., 1978) while average catch: per sample 

(100 m3
) decreased from 36/sample to 22/sample. 

Atlantic silverside . (Menidia menidia) , tidewater· 

silverside (Menidia beryllina) and rough silverside 

(Membras martinica) were captured in all life stages 

(Tables 4 and 5)~ Eggs, larvae, and juveniles were 

taken in spring.and summer (<1/m3
). Only juveniles and 

adults of these species were taken in fall and· winter. 

The tidewater silverside was the most common species 

of the silverside group. Silverside eggs are normally 
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attached to submerged objects, thus.eggs in our samples 

presumably had beeh dislodged by wave action and; water 

.currents •. 

Striped bass larvae and white perch eggs and larvae 

were common in April and May samples (Tables 4 and 7). 

Though concentrations never exceeded l/m3 both species 

were more abundant than in 1976 or 1977. 

Postlarval and juvenile Atlantic croaker (Micropogon 

·undulatus) and spot (Leiostomus xanthurus) were captured 

seasonally (Tables 4 and 7). Croaker were captured during 

fall and early-winter in concentrations of less than l/m3
• 

Spot were captured during spring in concentrations of less 

than l/m3
• Sciaenids as a group spawn in offshore waters 

but postlarvae and juveniles move into the-estuaries ·(such 

as the James) which serve as nursery areas for these species. 

Atlantic.menhaden (Brevoortia tyrannus) also utilize 

the James River estuary as a nursery area in the postlarval 

and.juvenile stages; During late winter-early spring, 

menhaden were captured in concentrations of less than l/m3 

at VEPCO Surry Nuclear Power Plant (Tables. 4_ and 7)-. 

Carp eggs were taken in low numbers during April and 

May (Table 5). Carp eggs were taken primarily-in the dis~ 

charge canal indicating a resident population spawning in 

the high level intake canal or in the discharge canal. 

Other species were captured in low abundance 

(.Tables 4 and 5) • 
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. Hydrographic data 

Ranges of salinity, water temperature, and dissolved 

oxygen taken during 24 hour stations are presented in 

Tables 8, 9, and 10, and intake data are shown in Figures 

6, 7, and· 8. 

Salinities during 1978 remained relatively low until 

fall when a prolonged dry spell elevated salinities. (Table 

8; Fig. 6). During the spawning season (April, May), 

salini tes remained below 1 °; 0 0 except for the last half 

of ApriL 

Water temperature at the intake was at a minimum of 

1 con 16-17 February and a maximum of 32 Con 17-18 August 

(Table 10; Fig. 7) .. Water temperature at the discharge 

usually·exceeded intake temperatures by 4-9 C unless one 

or both generation units were inoperative. 

Dissolved oxygen data show no oxygen dificiencies 

· (4 mg/1) at either the intake or discharge thou~h readings 

were·. between 4 mg/1. and 5 mg/1 in late· June .and August· 

. (Table 10; Fig. 8). 
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Statistical Results 

An examination of simple correlation matrices of 

· potent.ial. regression variables in OJ;'.'igi:hal and log-trans-. 

formed scales was made to identity the final for.ni of 

variables. In general, correlations were higher between 

transformed dependent variables (Yi) and independent 

variables (X.) in their original scale, except for fish 
J 

·and egg species diversities. Little or no improvement 

in correlations were found by transforming either species 

diversity or the independent variables. 

Although many simple correlation coefficients (r) 

between the dependent and independent variables were 

declared highly significant (P<0.001), most correlations 

were rtot high (maximum r = O ~ 6 7) . ALL independent 

variables, except depth, period, and tide, were signifi­

cantly correlated (P<0.05 or better) with five or more 

of the dependent variables. 

Descriptive .statistics of the dependent and ·indepen-. 

dent variables, are shown in Table 11 and the results of 

the regression analysis appear in Table 12. Each final 

regression equation i~ discussed separately, then overall 

patterns are summarized. 

The regression coefficients (b; 's) a:re partial coeffi-
J ·-

cients which estimate the effects of a particular variables 

while holding constant or controlling for other varialbes 
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. Total Abundance of Fish (Y 1 ) : 

All independent variables except tide and the dummy 
.. , . . . 

seasons were retained in.the_final regression equation as 

significant predictors of totai abundance of.fish (Y1). 

The equation for Y1 was highly significant (P<0.001) and 

about two-thirds of the variation in total abundance of 

fisb was accounted for by the regression (R2 = 0.64). 

Depth, temperature and period had. positive b. 's; i.e., . . - J . 

their partial effects on fish abundance were positive. 

The remaining variables had negative b.'s. J . 

Within the ranges of values observed, the equation 

predicts an increasing total abundance of fish with an· 

increasing depth or. temperature, or with a decreasing 

salinity or di1ssolved oxygen, holding other:. variables 

constant. Y
1 

was significantly higher at the mouth of the 

intake canal than in the discharge canal (recall location 

was coded a~ 0 = intake, 1 = discharge). A significantly 

high~r fish abundance was·foun¢i at night than day (period· 

was coded as O = day, 1 = night). 

Abu.i,dance of Fish Spe~ies (Y 2 ): 

Depth, temperature, salinity, period, winter and·spr:i,ng 

were retained in the e_quation _ for Y 
2

• The highly signifi-. 

cant·regression explained over half of the variation in 

abundance of ·fish species (R 2 = 0.55). "The partial re­

gression coefficients for salinity and winter were negative; 

the others were positive. The equation predicts Y2 will 



e 

e 

e 

16 

increase as temperature and sampling depth increase and 

as salinity decreases. A significantly higher abundance­

of fish species.was f.ound at night than day. No.signifi-

. cant difference in fish species abundance was detected 

between the two sampling locations. 

Dummy seasons were included.in the analysis to math-· 

ematically reduce the unexplained variation in the model 

and to remove factors which could confound the analysis. 

After allowing for the effects of other variables in the 

equation, spring had a significantly higher abundance o~ 

fish species than the reference season summer; for winter, 

the converse-was true. This suggests that other seasonal 

effects (in addition to those accounted for by variables 

in the equation) tend to decrease fish abundance in winter 

and ·increase it in .. spring. Factors .which may be reflected 

in the season variables include time and duration of migra­

tions of parent populations, recruitment, wind direction, 

· currents; . fishing efficiency· of gear~ and other unmeasured · 

factors. For example, the high abundance of ctenophores 

during the summer would decrease the gear efficiency by 

clogging nets and would lead to lower abundance estimates 

in this season. 

Fish Species Diversity ·(Y 3 ): 

The equation for Y3 , significant at P<0.001, explained 

35 percent of the variation in fish species diversity. All 
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independent variables except dissolved oxygen, tide and 

spring were'significant •. Fish species diversity will 

increase as depth and· temperatu:re increase and as salinity 

decreases.• Holding other variables constant, diversity was 

significantly higher (P<0.01) in the discharge canal than 

at the power plant intake structure. Two plausible 

explanations for this unusual pattern are (a) additional 

·. species which were not present in samples· taken at the 

intake inhabit and reproduce in the high level intake 

canal, and (b) the efficiency and selectivity of .the 

sampling gear differed between the two locations. Samples 

at night had a higher fish species diversity than samples 

during daylight. Unmeasured seasonal factors collectively 

represented by the seasons fall and winter tended to 

decrease. the diversity in these seasons. 

Total Abundance.of Eggs (Y~): 

The regression of Y~ on all independent variables, 

except depth, dissolved oxygen and location, was highly 

significant and explained 30 percent of the variation in 

egg abundance. The partial effects of temperature, 

salinity, tide, winter and spring were positive, while those 

for period and fall were negative. The equation predicts· 

a higher temperature or salinity. Significantly more 

eggs were collected at high tide and during the day. Un­

measured se·asonal factors in winter and spring tended to 

increase egg·abundance·during these seasons compared to 
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summer. The converse was true for fall. There. was no 

significant difference in egg abundance .between intake 

and discharge samples. 

Abundance of. Egg Species (Y 5 ) : 

The highly significant regression equation for Y5 

explained 36 percent of the variation in egg species 

abundance. Temperature, location and·spring had positive 

b. j's; fall had a negative bj. The remaining independent 

variables were not selected as significant predictors of 

egg species abundance. Abundance of egg species was 

significantly higher in the discharge canal. 

Egg Species Diversity (Y 6): 

Although the final equation for Y6 was highly signifi­

cant,·only 23 percent of the variation in egg diversity 

was explained by the regression. Since the primary objective 

of the analysis was to assess the effects of the independent 

va:r:iables and. not to predict di~ersity, a low R2 does not.· 

hinder the analysis. 

Dissolved oxygen, location and spring were selected 

as positive predictors of egg.diversity and winter was 

selected as a negative predictor. Other independent. 

variables were.not.found to be significant. The discharge , 

canal had a higher egg diversity than the intake. 
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·. Abundance of Anch9a mitchilli Fish (Y 7 ): 

Fifty-nine.percent of the variation in ~ 7 was explained 

by the highiy significant regressi~m of anchovy abundance 

on all independent variables except ·salinity, location and 

fall. Depth, temperature,. period and ti~e had a positive 

relationship with anchovy abundance but dissolved oxygen 

and spring had a neg:ative relationship. A higher anchovy 

abundance is predicted at night and at high slack water. 

The partial effect of spring on Y7 was negative. No 

difference in -anchovy abundance was found between the 

two sampling locations. 

Abundance·of Gob:iosoma bosci Fish (Y 8): 

The highly significant equation for goby abundance 

explained 56 percent of the variation in.Y. 8 and retained 

· all independent variables except salinity, period .ahd tide. 

Depth, temperature, fall and spring had positive partial 

regression coefficients. Dissolved oxygen and location 

had negative coefficients. · Goby .· abundance was significantly 

higher at the mouth of the intake canal and in fall and 

spring. 

Abundance of Anchoa mi tchilli Eggs. (Y 
9 

) : 

The highly significant equation for anchovy egg 

abundance explained 37 percentof the variation in Y
9

• 

All independent variables except dissolved oxygen and fall 

were retained as· significant predictors of anchovy_ egg 
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abundance. Independent variables with significant positive 

partial regression qoefficients were depth, temperature, 

salinity, 1::ide . and spring. .Location and period had nega:-. 

t-ive partial regression coefficients. Intake and day 

collections had a higher anchovy egg abundance. 

Summary' of Regression Analysis: 

A nonparametric ranking procedure was developed to 

assess the re.lative importance of the. independent variables. 

Direct comparisons of partial regression coefficients 

are not useful since the independent variables were 

measured in different units. However, comparisons between 

standardized coefficients (dependent and independent 

variables, standardiz.ed to unit variance) can be used to 

determine the relative- effect of each independent variable 

on the dependent variables. The procedure consisted of 

ranking the absolute values of the standardized b.'s 
J 

in each equation, summing the individual ranks for each 

variable across all equations, and ranking these sums 

to give an overall measure of relative importance (Table 

13). Ties were assigned average ranks, and seasons were 

not included in the analysis. 

Overall, temperature ranked first in relative importance 

and was retained in all but one of the regression equations 

as a highly significant (P<0.01 or better) predictor of 

fish and egg abundances and diversities. The relationship 

between temperature and the dependent variables was positive; 
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within t~e range of temperatures encountered during the 

study, abundance and diversity will increase as temperature 

in~reases. 

Salinity was the second most important independent 

variable and was retained in five equations. The relation-·· 

ship.between fish abundance, fish species abundance and 

fish species diversity was negative; i.e., these dependent 

variables increased as salinity decreased. For total 

abundance of eggs and abundance of anchovy eggs, the 

converse was true. 

Location was third in relative importance and was 

a significant variable in six equations. The pattern o_f 

its effect was mixed. Significantly higher total abundance 

of fish, goby abundance, and anchovy egg abundance were 

found at the mouth of the intake canal. On the other hand, 

fish species diversity, .abundance of egg species and 

egg species diversity were higher in the discharge cana_l. 

The p:resence of resident populations. of .fishes within 

the intake canal proper is a complicating factor. Th_e 

location variable is a net measure of the mechanical re­

moval of fish and eggs as the water passes through the· 

plant. Additional fishes inhabiting the intake or discharge 

canal could account for the unexpected gain in fish and 

egg species diversities. Also, the stresses of passage 

through the plant could make some species more susceptible 

to capture in the discharge canal and would result in 

inflated estimates. 
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Depth was fourth in importance and was retained in 

six equations. Depth had no s_ignificant effect on total 

egg abundance, egg_species abundance· and. egg species 

diversity but was. positively related to the other de­

pendent variables. Fish abundance, fish species abundance, 

fish species diversity, anchovy abundance, goby abundance 

and anchovy egg abundance increased as sampling depth 

increased. If samples contained· a majority of negatively 

buoyant larvae this pattern would be explained. Also, 

surface effects (e.g.,.wind, currents; turbulence, and 

velocity) may have resulted in a decreased gear efficiency 

for surface samples. 

Period was fifth in relative importance and was re­

tained in six regression equations as a highly signfi­

cant independent variable. The relationship between 

period. and· all fish abundance and diversity variables 

except goby abundance was positive; fish abundance and 

fish species diversity. were significantly higher. at 

night than during the day. If net avoidance was greater 

during the day because of increased visibility, this 

pattern could result from diurnal differences in the catch 

· efficiency of the sampling gear. The opposite pattern 

was observed for total egg abundance and anchovy egg 

abundance which were significantly higher during the day. 

No explanation for this pattern can be offered at this time. 

Dissolved oxygen ranked sixth in overall importance. 

Egg species diversity increased as dissolved oxygen 
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increased. Total abundance of fish, anchovy abundance 

and goby ab~ndance increased with a decreasing dissolved 

oxygen. Apparently, levels of dissolved oxygen were not 

low enough to result in a decreased fish abundance. 

Tide was the least.important independent variable 

and was retained in only three equations. Tide had 

little or no effect upon the overall fish community 

structure. ·rt was a significant factor, however, in 

the total abundance of eggs and the abundance of anchovy 

fish and eggs; these dependent variables increased as 

tide increased, i.e. , abundance was greater at late flood, 

high slack and early ebb than at other tide stages. 
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CONCLUSIONS 

VIMS ichthyoplankton data collected at VEPCO Surry 

Nuclear Power Plant_ since 1976 reveal a decrease in the 

overall catch of fish eggs and larvae in our samples. 

The two dominant species, bay anchovy and naked goby 

have each decreased by forty percent or more. While this 

decrease may seem great, in actuality it may not be, 

and it cannot.be directly attributed to mortality inflicted 

by the power plant. Natural fluctuations of considerable 

magnitude do occur in fish populations and these fluctuations 

reflect changes in natural mortality. Natural mortality 

from the egg to juvenile stage is 99 percent or more (Pearcy, 

1962; Ahlstrom, 1954). Success of a given yearclass is 

correlated with natural mortality and conditions on the 

spawning and nursery grounds. Thus, from year to year 

there may be natural fluctuations in species abundance 

of one or more orders of magnitude similar to those we 

have observed at VEPCO Surry. 

The decrease in catch of ichthyoplankton at VEPCO 

Surry is attributable to variations in salinity patterns 

more than to other factors. · Salinity at VEPCO may vary 

from O O 
/ 0 0 i:5 14 ° /0 0 depending on meteorological conditions 

and seasons. Since anchovies consti.tute nearly 60 percent 

of the catch (as eggs and larvae) and anchovies prefer 

higher salinities for spawning (Lippson and Moran, 1974), 

lower river salinities near Hog Island in 1978 caused the 

decreased catches of anchovy. 
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The decline in catch of gobies is unexplainable at 

this point. If salinity were the major factor influencing 

gobies, they should have. increased slightly in 1977 (as 

did anchovies) and decreased in 1978. However, they have 

declined each year since the inception of this sampling 

program. Naked goby are seldom captured in trawl or 

seine surveys. They inhabit oyster bar communities and 

other areas where crevices, etc. afford shelter. It is 

impossible to obtain ·.a realistic estimate of their adult 

population from present data. We have no estimates of 

concentrations of larvae in mainstream either; therefore, 

effect of the plant on adult population levels cannot 

be determined. 

Bay anchovy and naked goby are not important commer­

cially, but are principal forage species for commercially 

important species such as weakfish (Cyno'scion regalis), 

bluefish (Pomatomus saltatrix), striped bass (Marone 

saxatilis), and catfishes (Ictalurus spp.}, etc. (Hildebrand 

and Schroeder, 1928). Even though they constitute the 

major portion of our catches,their centers of abundance 

are not located near the VEPCO Surry Nuclear Power Plant 

since each species prefers slightly higher salinities. 

The James River has been subjected to numerous stresses 

in recent years, i.e., organic and inorganic pollutants, 

siltation, flooding, etc. To extract any one stress (e.g., 
I 

VEPCO Surry) from such a combination is extremely difficult, 

especi.ally when the effects of other stresses have not been 
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analyzed. Coupled with sampling variability, natural 

population fluctuations, biological attributes of ichthyo­

plankton, environmental factors, and other sources of 

variability inherent in any sampling prOgram, any changes 

other than those of catastroph~c proportions are difficult 

to assess. 

Multiple regression techniques explained ~ome of the 

complex relationships between environmental factors and 

the abundance and diversity of fish and eggs, and isolated 

factors which tend to confound the analysis of data from 

general field surveys. These techniques were successful 

in identifying the dominant environmental factors and 

assessing their relative importance~ 

This study was designed to identify and enumerate 

ichthyoplankton entering and leaving VEPCO Surry Nuclear 

Power Station. This objective has been satisfied. The 

impact of the plant upon the adult populations cannot be 

determined from these data alone. Without larval fish 

concentrations from the mainstream and continual monitor­

ing of population levels, biological impact assessment is 

impossible. Even with these data, other stresse~ (i.e., 

Kepone, chlorination, dredgingetc.) would have to be 

eliminated before any direct impact could be shown. 
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FRONT VIEW TOP VIE"W 

Figure 1. Paired net apparatus used at VEPCO Surry 
Nuclear Power Plant for ichthyoplankton 
collections. 

N 
I.O 



• 

U) 
w u w 
0.. 
U) 

:i: 
U) 

ii: 
u. 
0 

a::: w 
ID 
::E 
::, 
z 

e 

13-

D INTAKE 

12- ., C DISCHARGE 

11-

10- - - -
~ J; 

9-
~- ~ ~ - ~ 
·, ;, _r.. '· 

8- ~i 
l 

I 
f~ ~ 

14 ~~ )1 
\ 

~' ~ .~ • 't g ;:, 
7- " - f 

1 l ' ,'fo-

i ~ -,r· 
j 

" ~ !'f \' ,, 
I; ;;- r ·~ ,, 

6- i' l,,\ ( i 
ti •l l 

,, 
t i~ :~ 

,; w I· ~ n ., 
t,..,. a, 

5- - z 4 t 'l. - f; - -[\' ·~ I 
:f ~ )' 

4-
m 

-ii ~ r., 
~ ( 

3- ~~ , . 
. , 

2- - ~ 'f 
li. -,j -~ 

" 
,!I ti ,l 11 ~,i 

J; 
,{ 

·I 1:.. -
fl ~l .~ :i ~i' 

", -
\ I ~ ;il:l \'I. ,, 

} 
,, ,, 1 ,,l; ;·.;! ,;, 1,, .~ t~' ,:. I 

' \ d ,;~ 
1:· .. I· ' 0 

,('J ./ . 

'4·25 16-17 9-10 16-17 6~7 13-14 18·19 24·2:' 2·3 11-12 18-1! 25·26 8·9 22-~ ~-26 11-1e 21·22 IH!O 15-16 11-12 
JAN FEB -MAR-+ APR MAY -JUN- JUL AUG SEP OCT NOV DEC 
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w 
0 



• e 

.. I ·, 

I 
·.1 I ,I• 

8-
·1·· - ·_I 

. II) 

!:!:! 
u 
w 
a. 
II) 

<.? 
<.? 
w 

7-

6-

5-

4- -

D INTAKE 

- DISCHARGE 

ffi 3- -
ID 
:l: 
::, 
z 

2- - ' - -· - -

I- - - - ......... -

I I I Io ', ' ~ ,- I I I I I I I I 
0- -4.25 ps-11 1_9·10 1s-11 - s-7 3-14 18·1 24.25 2-3 11-12 18·19 2!1-26 8-9 22-~ 25-26 11-18 21-22 lls-rol 115·~~ p1-121 

JAN FEB - MAR-+ APR MA¥ ~ - JUN~ JUL AUG SEP I OCT
1 

I tKN DEC 

Figure 3. Number of egg species captured during plant entrainrcent stations at 
VEPCO Surry Nuclear Paver Plant in 1978. -

:- •.: 
t .:; 

e 



:c 
(/) 

u. 
u. 
0 

0:: 
w 
CD 
::i: 
::J 
z· 

.. ;·: 

280 

260 

240 

220 

200 

180 

160 

140 

120 

100 

80 

60 

· 40 

30 

20 

10 

0 

c::J INTAKE - DISCHARGE 

N 

CJI 
t-N 
N 

-

!2 

II 18 
~~.:. •'--~MAY'~..;._~ 

t­
N 
- co 

g. 

I'> 
co 
N 

Figure 4. Average number of fish per sample ( 100 m 8) captured during plant entrain­
. nent stations at VEPCO Surry Nuclear Pa-rer Plant in 1978. 

e 
''. 



2,000 

1,500 

1,000 

700 

600 

500 
(/) 
l!) 400 
C) 
w 
IL. 300 
0 

0: . 200 
w 
ID 100 ::!: 
:::, 
z 

60 

~o 

40 

30 

20 

• J ~ 

,. 1 10 
. ' ... . . l' 

... .. ·i ' 
. . . ; '' .··· .. 

l .... : ·':": .. :·.'.:/::; ~' · .. ' .• 

.0 

.. . . 

' 
. ,. ; .. ,···· .1,i =~ 

,; 

,,1 I' 

/· . 

Figure.5 • 

c::J INTAKE 

181 DISCHARGE 

II'> 
<\I I') 

<\I 

co 
in 
J 

~ 
co 

'. 

0 
,0 
<\I 

25 17 
JUL AUG 

00 00 00 
II 

DEC 
-·--·--.. :.~ t,• -1.~: . •. 

Average number of eggs per.sanple (100 m3) captured during plant entrain-:­
rrent stations at VEPCO Surry Nuclear Power Plant in 1978. 

w 
w 

I. 



e e 

11~·1 

10, 

... ,. 
9 
?•1 

8 

'J "o l 
~-- 7 !· ....... ) 

0 

>-"·' 11_; 

t-,1 6 -,~ I!, z·, 
...I ( 5, ctr· . ' 
U>.' 

11: 

:2 ~r' 
1,1 
I·· i•l 

3 
u 

2' 1 Ir 

I I . 1I .•.. · Ji I l 
I II . . . . . 

/.rr ·1 I • l 
il I I 

I 

I~ I 
2· 

I 

I 
0

1 I I • ;,;I ;.Jz . . 
· · --:,A·N-·11··-FEerl--~,ARrL··APRrl·- MAvr·1-JuN·-1-·-Juc. ... .J_Aus-'-sEp···LoqT-LNovJ-o~c 1 

.. "' F ,.,.. ,...... M ,; I.I· 1 JUH JI.Ii.. AUG SEP OCT NOV ' DEC r 

Figure 6. Ranges of salinity (O/oo) at the intake during plant entrai.nnent stations 
at VEPCO Surry Nuclear Paver Plant in 1978. · · · 

e 

.I 

w 
~.J 
VI 



• 

32 

30 

28 

26 

24 

22 

..... 2 
u 
.!!... 

18 
w 
~ 16 
.,:. 
: 14 
w 
a. 
::E 12 
w 
I- 10 

8 

6 

4 

2 

I 

e 

I I 
I 

I + 

I . I : 

I 
I 

o;---,----,------=-,----,---,----,----.-----.-----.----.----.---
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

Figure 7. Ranges of water temperature (C) at the intake during plant entrainment 
stations at VEPCO Surry Nuclear Pa.ver Plant in 1978. 

e 

'1 

w 
lJ1 ' 



' " 

• 

:::: 
CJI 
E 

z 
w 
(.!) 

>-
X 
0 

0 
w 
> 
...J 
0 
U) 
U) 

0 

e 

14 

13 

12 I I 

I 11 
I 

10 

I 1I I 9 

I II : ... I. B 

I I · rI 7 .i'1 , l ',. . 

I 6 

5 

4 

3 
1 . / ,: 

2 

o;---,----,----,----,----,---...----,---...-----.-----.-----.------. 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

Figure 8. Ranges of dissolved oxygen (ffi.3'/l) at the intake during plant entra.i.nrrent 
stations at VEPCO Surry Nuclear Pa-rer Plant in 1978. 

e 

1.'' 

w 
O'I 



Table 1. Ichthyoplankton sampling schedule for plant and plume entrainment studies at VEPCO Surry Nuclear Power 

Plant (January through December 1978). 

Study 

Plant Entrainment 

Plume Entrainment 

Jan. 

X 

X 

Feb. 

X 

X 

Mar. 

xx 

xx 

Apr. 

xxxx 

xxxx 

May 

xxxx 

xxxx 

June 

xx 

xx 

July 

X 

xx 

Aug. 

X 

xxxx 

Sept. 

X 

xx 

Oct. 

X 

X 

Nov. 

X 

xx 

Dec. 

X 

xx 
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Table 2. Dependent (Y.) and independent (X.) variables for statistical analysis (standardized catch is number 
1 J . 

collected per 100 cubic meters of water strained per collection). 

Variable Definition 

y 1 • Total abundance of fish yl = log (C1 + 1). where c1 = standardized catch of fish 
e 

Y2, Abundance of fish species Y2 = log 
e (C2 + 1), where c2 = number of fish species 

y Fish species diversity y -EPk loge Pk, where Pk 
nk . of the kth 3 • = = lif• nk = number of fish 3 

species, and N = tota 1 number of fish 

y '*. Total abundance of eggs y = loge (C + 1). where C = standardized catch of eggs 
'* '* '* 

y • Abundance of egg species y = loge (C + 1), where C = number of egg species 
5 5 5 5 

y Egg species diversity . nk of the k th w 
6 • 

y = -EPk 1 oge Pk, where Pk = N' nk = number of eggs CX) 

6 

species, and N = total number of eggs 
y 

7. Abundance of A. mitchi 11 i fish y = loge (C + 1). where C = standardized catch of A. mi tchi 11 i fish 
7 7 7 

Ya, Abundance of G. bosci fish Ya = log (CB + 1), where CB = standardized catch of G. bosci fish e 
y 9. Abundance of A. mitchi 11 i eggs Y9 = loge ( Cg + 1), where Cg = standardized catch of A. mi tchi 11 i eggs 

\· Collection depth Meters 

x2. Water temperature oc 

x3 • Salinity ppt 

x'*. Dissolved oxygen mg/1 

XS, Location dummy variable 0 = intake, 1 = discharge 



Table 2. (continued). 

Variable 

X6 , Period dummy variable 

X
7

, Tide 

X8 , X9, X10 , Season dummy variables 

Definition 

0 = day (5 to 16.9 h EST), 1 = night (17.0 to 4.9 h EST) 

+1.0 = slack before ebb Represented by a cosine function: -l.O = slack before flood 

Season 
Summer (July, Aug., Sept.) 
Fall (Oct., Nov., Dec.) 
Winter (Jan., Feb., March) 
Spring (April, May, June) 

Xe, Fall = X9, Winter= X10, Spring= 
0 0 0 
1 0 0 
0 1 0 
0 0 1 

w 
I.O 
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Table 3. Number of species captured during 24-hour stations 
at VEPCO Surry Nuclear Power Station in 1978. 

NUMBER OF SPECIES 

Species occurring 
at both intake 

INTAKE DISCHARGE and discharge 

DATE Fish Eggs Both* Fish Eggs Both* Fish Eggs 

Jan. 24-25 3 0 0 4 1 0 3 0 

Feb. 16-17 1 0 0 2 1 0 0 0 

Mar. 09-10 2 0 0 2 0 0 1 0 

Mar. 16-17 1 0 0 1 1 0 0 0 

Apr. 06-07 5 2 1 4 4 1 3 2 

Apr. 13-14 10 4 2 9 5 4 7 4 

Apr. 18-19 4 2 1 9 5 3 3 2 

Apr. 24-25 7 1 1 8 4 2 6 1 

May 02-03 10 3 2 11 4 3 9 3 

May 11-12 8 2 1 9 6 3 5 2 

May 18-19 10 2 1 13 8 4 7 2 

May 25-26 9 0 0 9 3 1 4 0 

June 08-09 12 2 2 10 4 2 9 2 

June 22-23 5 1 1 7 2 2 4 1 

July 25-26 5 1 1 9 3 1 4 1 

Aug. 17-18 7 1 1 8 4 2 7 1 

Sep. 21-22 5 1 1 ·9 1 0 5 0 

Oct. 19-20 2 0 0 3 0 0 2 0 

Nov. 15-16 2 0 0 2 0 0 2 0 

Dec. 11-12 1 0 0 3 0 0 1 0 

* Species occurring as both fish and eggs 
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Table 4. Species and calculated number of fish per 100 m3capturedduring 24-hour stations at VEPCO Surry Nuclear Power 

Plant in 1978. 

SPEC TES 

MENIDIA 

MfNIDIA 

STATION 
TIME 

10:00 

eERYl LINA 

14:00 

BE'lYLLINA 

18 :oo 

AL CSA HST IVALl S 
ME~IOI A eEP.YLL INA 

22:00 

AI\GUILU RIJSHATA 
MCRCNE AMERICANA 

2:00 

,-.DRONE AMERICANA 

b:OO 

MF.NIDIA eER Yl L !NA 

JANUA~Y 24 - 25, 1978 

SURFACE 
LEFT RIGHT 

5 

3 

TNTAKE DISCHf,RGE 

M IDWATER BCJT TOM SURFACE XIDWATER BOTTO"\ 
LE FT RIGHT LEFT RIGHT LEFT RI GIH LEFT RIGHT LEFT RIGHT 

3 6 

] 

4 3 
5 

3 



Table 4. (continued). 

FEBRUARY 16 - 17, 1 <;7 e 

INTAKE DISCHARGE 
----- ---------

STATIOI\ 
SPECIES TIME SUfl FACE' MIOWATER B0TT0"1 SURFACE M IDWATER BOTTOM 

LfFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 

10:00 

t'Et.lDIA BER'ILLINA 5 

14 :oo 

MEN ID I A f'El'iIOIA 2 

18:00 

MEN 10 IA 8 ERYLLI NA 4 

.i,,. 
N 

6: 00 

ANGUILLA RCST~ AT A 3 3 

;;. 
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Table 4. (continued). 

SPECIES 
STAT ION 

TIME 

10 :oo 

ANGUILLA RCSTRATA 

18:00 

MENIDIA eERYLLINA 

22:00 

ANGUILLA ROSTRATA 
MORCNE AMERICANA 

MA RC H 9 - 1 0, 19 7 8 

SURF ACF 
LEFT RIGHT 

INTAKE 

MIDWATER 
LEFT RIGHT 

5 

4 

BOTTOM SURFACE 
LEFT RIGHT LEFT RIGHT 

3 

3 

OJ SCHARGE 

M IOWA TER 
LEFT RIGHT 

BOTTOM 
LEFT RIGHT 
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Table 4. (continued). 

SPEC IE S 
STATION 

TIME 

10 :oo 

ANGUILLA ROSTRATA 

22:00 

ALCSA AESTIVALIS 

MARCH 16 - 17, 1978 

SURFACE 
LEFT RIGHT 

INTAKE 

M IDWATER 
LEFT RIGHT 

• 

DISCHARGE 

BOTTOM SURFACE MIOWATER BOTTO"' 
LEFT RIGHT LEFT RI GtH LEFT RIGHT LEFT R IGH,· 

3 

3 



Table 4. (continued) • 

APP IL 6 - 1, 1978 

I NT AKE DISCHARGE 
------ ---------

STATION 
SPECIES TIME SURFACE M IOWAT ER BOTTOM SURFACE MIDWATER BOTTO"! 

LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHl LEFT RIGHT 

10:00 

BREVOORTIA T't'RANNUS 10 
"ORONE A!-IER ICAl';A 5 

14: 00 

8REVCOflTIA TYRANI\LS 4 4 4 

18:00 

ANGUILLA RCSTRATA 5 8 5 4 
~ BREVCORT IA TY RAN NUS -~ Ul 

22 :oo 

ANGUILLA flCSTPATA - , 
eREVOORTIA TYRANNLS 4 14 5 

2:00 

ANGUILLA ROSTKATA 4 4 
BREVOOflTIA TYr.ANI\US 5 9 8 4 7 4 8 4 l•) lil 
l'ENID U eERYLL INA 3 
"nCNE Al'ER I CAM 12 3 
TRl"',EC1ES MAC lJLA TUS 4 



Table 4. (continued). 

SPECIES 
STATIOI\ 

TIME 

6: 00 

eREVOORTIA TVRANNUS 
HC~CNE A~ERICANA 
HORONE SA)ATILIS 

SURFACE 
LEFT RIGHT 

INT AKE 

MIOWATER 
LEFT RIGHT 

4 
4 

II 

e 

DISCHARGE 

BOTTOM SURFACE M!DWATER BOTTrM 
LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 

4 3 3 6 
4 



Table 4. (continued). 

APRIL 13 - 14, 1978 

INTAKE DISCHARGE 
---- -------

STATIOt,, 
SPECIES TIME SURFACE MIDWATER BOTTOM SURFACE M IDWATER BOTTOM 

LEFT RIGHT LEfT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT L EFI RIGH', 

10:00 

~LCSA SP. 5 
BREVnORJIA TYRANNUS 8 4 5 5 11 4 l 'I 
CYPR INUS CARPIO 2 :! 
OCRCSOl'A CEPEDIANUM 4 :? 
"'QRONE A,.ERICANA 14 8 7 15 10 5 13 4 26 9 l, 

.. OROI\E SAXATlllS 5 4 4 2 
SPECIMEN MANGLED 3 

14 :oo 

ALOSA SAPICISSIMA 4 
eR E VOOR TI .'I TYkANNUS 12 6 4 4 11 9 9 .i::,. 

CCRCS0"'A SP. I 2 ...J 

LEir.STOl'LS XAI\THURUS 2 
J,lr'PONE AHEl{ICAI\A 42 35 35 64 54 15 16 23 22 17 5•· .I . 
!'ORONE S.,~Hl LIS 12 6 21 7 2 7 ~i 
SPECIMEN ~ANGLED 

ll 
4 

18 :oo 

eREVOORTJA TYkANNUS 2 6 6 ,, 
CYPR INLS CAP.PIO 3 2 ;~ 
'10P.(NE AMER IC.Af-.A 87 38 26 12 17 5 3 ;~ 8 7 13 25 3,, 

MORONE SAXATlLlS e 17 10 12 6 5 5 2 4 2 ,, 
SPECIMEN MANGLED 3 



e 
Table 4. (continued). 

INTAKE DISCHARGE 
------ -------

STATIOI\ 
SPECIES TIHE SURFACE MIOWATER BGT TOM SURFACE MIOWATER BOTTOM 

LEFT RIGHT LEFT R[GHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 

22:00 

.ncsA SP. 
., 
l. 

ANGU[LLA ROSTRATA 3 3 3 
BREVOORTIA TY~ANI\US 3 3 17 6 3 13 2 :) 
CYPRINUS CARPIO 2 
CCRCSOMA CEPEDIANUM 2 2 4 ~? 
~EN[D[A BERYLLINA 3 
1-!nRONE Al"Eq(CM;A 7 6 3 3 6 12 9 ll ,, 
"'CRCH S.AX4TIL IS 3 3 7 3 2 ;~ 

2:00 

ANCI .. ILL.A RO STRATA 5 2 2 
eR E\/COR TIA TYRANN US 11 12 5 20 5 15 l '• 
CYPRil\lO.AE 6 

,i:,,. 

CXl 
CYP l<I NLS CARP IO 5 3 ,· .> 
LEIOSTC,..US XANTHIJRUS 4 2 2 ;~ 
l'ORONE AHR ICAM 18 23 32 19 82 92 9 9 10 19 12 4!i 
l'OROI\E S.AXATILIS 36 l 7 27 24 15 3 12 12 7 ~) 

ii' o:oo 

eREVCO~TIA TYRANNUS 14 10 3 3 4 4 7 :~ 
CYPRII\L:S CARP 10 3 2 ;! 
OCRCSOl'A CEPEDIAI\UM 2 
,..ORrl'iE .AMERICANA 10 3 6 5 6 14 3 11 24 n l ".' 
"ICRCNE SAXATI LIS 3 3 3 2 2 l ·1 



Table 4. (continued). 

A FR IL 18 - 19, 1978 

INT AKE DISCHARGE 
----- ---------

STAT IOf\ 
SPECIES Tl'"'E SUP FACE MIDWATER BOTTOM SURFACE MIDWATER BOTTO"l 

LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 

10:00 

ANCHOA P,,ITCHILLI 3 
BREVOORTIA TYRANNUS 3 
"ICPCNE Ai" ER ICANA 4 2 

14:00 

ANCHOA "1ITCHILLI 7 5 5 3 5 
BREVOORTIA TY RAN NUS 5 8 10 
DCRCSO,..A CEPED1Af\UM 5 
l'IORCNE AMERICANA 3 3 3 
MCRGNE SAXATILIS 3 3 5 

.i::,. 

'-0 

. 18: 00 

A!IJCHOA MITCHILLI 5 3 3 11 8 
A'IGUILLA RCSTl<ATA 3 
flll EVOORT IA TYFANf\US 5 
LflOSTC,..LS XANTHLRUS 3 3 
,-.ENIDIA eERYLLINA 5 
l'CROt\E SAXATILIS 3 

22:00 

A~JCt-,OA 1-'ITCHILLI 5 8 5 8 8 
Ar!GUILLA RCSTl<ATA 3 3 3 8 
ER EV CORT I A TYJ;.ANl';US 3 3 3 8 3 
Ml:NfOIA eER 'ILL INA 5 4 
l'!CRCNE Ar.,ERICANA 3 



Table 4. (continued). 

SPEC lES 
STA TI Of\ 
TlkE 

2:00 

ALnSA SP. 
ANCHOA M ITCHILLl 
ANGUILLA ROSTRATA 
eREVOORTIA TYRANNLS 
DORCSO~A CEP~DIANUH 

t,:00 

eREVOORTIA TYRANNUS 
CYPRINLS CARPIO 
HOR ONE Af,I ER IC.ANA 

INTAKE 

SURFACE MIOWATER BOTTOM 
LEFT RIGHT LEFT RIGHT LEFT RIGHT 

0200 INTAKE SAMPLING 
0

ABOR'fED 

SURFACE 
LEFT RIGHT 

3 

OISCHA~GE 

MIDWATER 
LEFT RIGHT 

2· 

2 
12 

2 
2 

2 

BOTTOM 
LEFT RIGHT 

7 

3 
3 
5 

5 

Vl 
0 



e 
Table 4. (continued). 

APRIL 24 - 75, 1978 

INTAKE 01 SCH AR GE 
------ --------

STA Tl ON 
SPECIES TIME SURFACE MIDWATER BOTTOM SURFACE MIDWATER B0TT0'1 

LEFT RIGHT LEFT· RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 

lOHIO 

B REVOCRT I A TYRANNUS 6 3 6 
LEICSTO~LS XANTHURUS 4 
MORONE AM ER ICAI\A 4 

14: 00 

ANCHOA MITCHILLI 3 9 •• 
BREVODRTIA TYRANNUS 4 5 2 -~ 
LE(CSTC,..US XANTHURUS .~ 
>-Ollnt.E SAXATI ll S :~ 

Ul 
~ 

Ul: 00 

AL CSA FSEUCOHARE I\GUS 3 
ALGSA SP. 2 
Al'iCHOA ,.. ITCH ILL I 6 4 4 3 3 14 8 25 B 
ANGUILLA RCST~ATA 

1,1. 
3 2 

BREVOORTIA T'rfi.ANNUS 4 4 4 3 16 11 B 13 
OCR C S0"'A SP. 11 
MCRCNE ,'!MER (Ct.NA 3 
,-.CRCll:E SAXATILlS 11 

22:00 

ANCHOA ~tTCHILLI 7 14 24 9 10 l3 6 9 21) 
A~GLILLA ROSTRATA 5 ] 

BREVCCRTIA TY~Ahl\US c; 5 9 5 6 12 3 ·3 
LEIOSTrMLS XA~TliLRUS 5 6 ·1 
MOROH: AMfq(CANA 3 



Table 4. (continued). 

STATIOt. 
SPECIES TIME 

. 2: 00 

ANCl-<CA I" ITCH ILLI 
BREVOORTIA TYRANNUS 
LE IOSTC!l"US XAr.THURUS 
MOPONE Al"ERICANA 

6:00 

ANCI--CA MITCH ILL I 
BREVCCRTIA TYRANt.US 
LEIOSTCMUS ~ANTHURUS 
MCRCNE SAXAT1L1S 

SUll FACE 
LEFT RIGHT 

I NT AKE 

MIOWATER 
LEFT RIGHT 

8 

4 

5 

BOTTOM 
LEFT RIGHT 

8 
4 

3 

4 

3 
5 

SURFACE 
LEFT RIGHT 

6 

3 

DISCHARGE 

MIDWATER 
I. EFT RIGHT 

24 
12 

6 

3 
6 

6 
3 

18 

3 
9 

3 

BOTTOM 
LEFT RIGHT 

10 
10 

6 
3 

7 
2 
2 

13 
18 

l 2 
15 

lJl 
N 



Table 4. (continued). 

MAY 2 - 3, 1978 

SPECIES 

AL(' SA SP. 
BREVOORTIA 
LEIOSTCHS 

STATION 
TIME 

10:00 

TYRANNUS 
XAt-.THURLiS 

"'CRC~E SAXATILIS 
POMCXIS NIGROMACLLAT~S 

14: 00 

ALC SA PSEUCCHARH,GIJS 
AL CSA SP. 
BREVCORTIA TYRANNUS 
DCROSO~A CEPEOIANUM 
DCRCSO,..A SP. 

18:00 

ALO SA P SEUD[HAkENGUS 
ALP.SA ~P. 
BREVCORT I A TYf<.ANI\US 
OCP.CSO~A CEPEDIAI\UM 
QCRC SOP'A PETEl,ct,, SE 
CCRCSO~A SP. 
LEICSTCMUS XANTHURUS 

SURFACE 
LEFT R[GHT 

18 

5 

23 

INTAKE DISCHARGE 

MIDWATER BOTTOM SURFACE M IDWATER BOTTO I'. 
LEFT RIGHT LEFT RIGHT LEFT RI Gtn LEFT RIGHT LEFT RIGHT 

10 6 
7 

'• 
5 6 

3 

18 9 
12 

7 
5 Ul 

4 3 w 

II 
7 

4 4 
5 

4 
4 

16 
8 4 ll 



e 
Table 4. (continued). 

INT AKE DISCHARGE 
------ ---------

STATION 
SPECIES TI ~E SURFACE M IOI.ATER BOTTOM SURFACE MIDWATER BOTTOM 

LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGhT 

22:00 

HCSA SP. 7 6 3 
ANCt'OA fo!ITCHILLI 7 
OCROSOMA CEPEDIAt-.UM 3 
DCRCSO"'A PETEI\ENSE 6 3 
ICTALUPUS PUt-.C.TATUS 6 .. 
LEICSTCl'US XAt-.THURUS 6 3 3 3 16 
~()RONE Al'ERICAM 7 6 3 
l"fJRCt-.E S.AXATIL IS 6 12 3 
t-.0TRCP1S HUDSCNIUS 7 19 13 14 3 3 

2:00 

AL fl SA PS E LOO HARE NGUS 4 
ALCSA SP. 9 
A NC HCA I' ITC'"iJLLI ·6 4 10 6 3 6 U1 

EREVCORTI! TY kAt-.NUS <;I 3 
.i::. 

CCPCSOfo!A CEPtDIANUM 4 3 
DO~CSO~A Pf TE/.Et-.SE 3 
OCRCSC,..A SP. 8 
LEICSTC,..t;S XM,THURUS 6 3 9 
,.,CRU.E A,.,ERICANA 6 6 
l"ORnt-.E SAJIAIILIS 4 3 3 
NOTRCPIS t'UOSC•NI US 24 7 3 3 3 

6:00 

.ALCSA SP. 6 " At-.CHCJA "'ITCHILll 4 
orprso,.,A PETE~ENSE 7 4 
OOPOSOI-A SP. 13 
l"OROI\E Afo!F.R !CANA 4 

~OTRCPIS HUCS[NIUS l I 
SPECIMEN fo!ANGLEO 5 



e 
Table 4. (continued). 

MAY 11 - 12, 1978 

I NT AKE DISCHARGE 
------ ---------

STATION 
SPECIES TIHE: SUR FACE MIDWATER BOTTOM SURFACE MIDWATER BOTTO~ 

LEFT RIGHT LEFT RIGHT LEFT RIGHT LffT RIGHT LEFT RIGHT LEFT RIGHT 

10:00 

.ALCSA PSEUCCHARENGUS 14 
ALCSA SP. 34 18 31 28 34 27 10 14 19 45 39 
BREVCORTIA TYPANNUS B 
LE IOS TCP'U S XANTHlJRUS 3 4 
"Er,. ID I A BER YLL.I NA 5 
l'ORG~;E AtJER !CANA 4 It 
l'ORCt-.E SAXATILIS 9 6 23 9 11 4 7 3 4 4 

14:00 

ALCSA AESTIVAL IS 8 
lJl ALCSA PSELCOhAREl',GUS 8 U1 

Ill( SA SP. 8 56 35 7 7 5 46 53 30 34 43 19 
eR E VOGR TIA TYl<ANNUS 5 
CYPR INUS CARI'- JO 4 
ETl-'FCSTC~A CLMSTEDI 4 
"'0'<CNE A"'FR. ICM;A 7 .. 4 
f'ORONE SAX/\TILIS 7 
1',0Tl<CPIS 1-UCSLt-.lUS 8 19 4 4 4 

10:00 

ALOSA PS EUfJrlt-ARU-GUS 10 
AL CSA SP. 78 57 9 4 4 11 7 38 28 37 
B~EVOORTIA TYRAN"US 11 4 4 3 
l'ORn I', E Al'ER IU,I\A 3 
NOTRCPIS HUDSCNIUS 9 3 4 



-
Table 4. (continued). 

INTAKE DISCHARGE 
----- -------

STATION 
SPECIES TIME SURFACE MIDWATER BOTTOM SURFt..CE I-IIDWATER BOTTOM 

LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 

22:00 

ALCSA SP. 6 28 16 3 23· 10 65 12 
BREVOORTIA TYRAr-..1'.US 15 6 
LEIOSTC~US XANTHURUS 6 25 4 4 4 
MORONE SAJCATILIS 6 3 8 4 
NOTROPIS HUCS(t,jIUS 1 10 3 3 9 

2:00 

AL CSA PSEUDCHARl:NGUS 10 
l!LCSA SP. 30 26 13 74 20 4 16 16 14 
BPEVCORTIA TYRANNUS 6 
DOROSO~A CEPEDIANLM 6 
LEICSTC~US XAr-..THURUS 6 3 11 6 l 1 
NOTROPIS HUDSCNIUS a 7 3 3 8 4 

Ul 

°' 6:00 

AL CSA PSEUDrJHARE I\GUS 5 
ALCSA SP. 36 4 

Ii> 
9 17 3 3 8 10 18 1 l 

eRE~OORTII! TYRANNUS 5 7 
CYPRINLS CARPIO 4 
LEIOSTr.~us XANTHURUS 3 
"CRCI\E SAXATILIS 9 26 3 4 9 
~OTRCPIS HUCSONIUS 5 4 4 3 4 10 7 



Table 4. (continued). 

MAY 18 - 19, 1978 

SP EC IES 
STATION 

Tlt'E 

10: 00 

AL CSA PS E UCCH/,R EN GUS 
ALCSA s p. 
BREVOGRTIA TYRANNUS 
CYPRINLS CARPIO 
GOB IOS(~A 81J SC I 
LEIOSTC"IUS XM;THURUS 
WlRONE Al'ER[CANA 
MCRCNE SAXAT ILIS 

14 :oo 

ALOSA A E ~ Tl VALIS 
ALOSA PSEUD(Ht.Kl:.I\GUS 
ALrSA SP. 
BPEVOCRTIA TYPANI\US 
CYP~ INLS CA~PIO 
crRCSOf"A CEPED[AI\UM 
me 10sr11A B CSC I 
LEfOSTOl'US XANTHURUS 
"10R CN E Al"ER ICM1A 
MOKCNE SAXATILIS 

18:00 

ALCSA SP. 
BREVCCPT[A TYFANI\US 
CYPRINUS (A~PIO 
GOBICS(l'A ecsc 1 
f"OP CNE Al'E~ lCM,A 
f"CRO,E SAXATILIS 
I\OTRCPIS H~DSGNILS 

SURFACE 
LFFT RIGHT 

9 14 

9 5 

6 
6 
6 4 

7 

INTAKE 

MIDWATER 
LEFT RIGHT 

9 23 

9 

41 14 

10 

5 
1,1 

21 

10 16 

5 

5 
10 5 

DISCHARGE 

BOTTOM SURFACE M IDWATER BOTTOM 

LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 

4 
8 7 4 4 3 8 

3 4 
3 4 

19 16 8 
7 

8 27 7 4 3 15 
89 120 8 7 7 3 28 E3 

Ul 
-.J 

3 3 7 
5 

3 
5 9 10 

4 3 3 
4 3 

9 4 7 
9 8 4 7 12 3 3 

4 5 4 
4 

4 9 
9 12 3 3 5 
9 3 

30 31 3 3 7 10 5 lo 
4 



e 
Table 4. (continued). 

INTAKE DISCHARGE 
------ ---------

STATI UI\ 
SPECIES TIME SURFACE M IOWA TER BOT TOM SURFACE MIOWATER BOTTOM 

LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RTGHT 

22:00 

ALCSA AE 5T1 VALi S 4 
tLC SA 5P. 6 4 
AI\CHCA I' TTCHI Lll B 4 
BRE\IOOIITIII TYRANNUS 6 4 4 4 
C'r'PRINUS CARPIO 4 
GOE, IOSCl'A B CSC I 4 
ICTALUFUS PUM.T ATUS 4 
LE ICSTCl'US XAMHIJRUS 4 11 
MORCNE AMERICANA 9 4 
MORCNE SAXATlllS 25 5 3<; 37 17 12 18 6 24 14 10 2!> 
NOTROPIS HUCSONIUS 4 3 5 

2:00 

ALCSA FSEUCOHARENf.US 4 5 Ul 
ALCSA SP. 10 3 4 10 13 4 CX) 

A'ICI-CA MITCHILLI 3 
ATI-ERII\TCAE 3 
8::IE\ICCRTIA T'tllANI\US 5 3 35 20 4 7 16 4 4 

DCRCSO~A CEPEC!AI\UI' 7 22 5 p 3 3 
Gn£lICSCMA eosc 1 7 9 5 8 13 
LE I OS Trl-lt;S XAt,THURUS 10 12 10 8 4 10 25 13 8 
MCllr:NE AMERICANA 13 23 3 4 ::. 4 
l'OROI\E SA)ATILIS 36 30 88 63 l 2 11 7 6 35 12 
I\OTRCP TS HUCSOI\I US 4 
SPEC I MEN f,IA'iGU:O 4 

t,: 00 

AL( SA F SELCOHAKE I\GUS 4 
HCSA SP. 20 5 5 7 4 4 8 4 
A'I( LI LL A RO STRATA 4 
eREVCCRTlA TYRANNUS 4 
G(;f:I IOSrMA 1-l!; SC I 5 4 
MQRr:NE A.,. ER ICAr-,,A 4 9 
"flRrNE SOATILIS 15 30 7 4 12 4 23 25 17 l 2 
I\CTPCPIS hUCSCNlUS 4 4 4 



Table 4. (continued). 

f'AY 25 - 26, 1978 

INTAKE DISCHARGE 
----- ---------

STATION 
SPECIES TIME SURF~CE M IDWAT ER BOTTOM SURFACE Ml DWA TER BOT Tri-I 

LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT L.EFT R lGHT LEFT RIGH'." 

10:00 

tLCSA SP. 6 17 4 2 2 
CORCSO"'A CEPEDIANUM 4 
"'CRCNE SAXA Tl LIS ,, 

14:00 

ALOSA s p. 9 4 4 3 
BREVOORTlA TYRAtit-US 4 
LEIOSTCMLS XANTHURUS 3 't i, 

f'ORr. l\E SIIXATILIS 4 

Ul 

18 :oo I.O 

AL.CSA AESTIVAL IS 4 
.'IL(SA s p. 4 26 3 3 ] 

BREVCCRTIA TYRANNUS 3 
LE ICSTC/JUS XAI\.TtlURUS 5 

II, 
18 22 3 'I 

~ENIDJA BER,LLINA 3 
MCRCNE SAXA TI LIS 4 6 

22 :oo 

ALCSA PS EUDCHAR H CUS 4 
ALCSA ~P. 10 4 i' 
AN1,UILLA RCSTRATA 3 
EREVOORTIA TYRAr,NLS 9 4 
FU~OULUS HETEROCLITUS 4 
ICTALUflLJS ru:CTATLS 4 
LEICSTC~US XA~THURUS 76 5<.l 52 18 4 25 10 4 2] 
MENICIA eE~YLLINA 4 
NOTROPIS HUDSGNIUS 4 4 
TRII\ECTES MACLLATUS 3 



Table 4. (continued). 

STATIOt. 
SPECIES TIME 

2:00 

ALCSA SP. 
ANCHOA MITCHILLI 
BREVOORTIA TYkANNUS 
LElrSJC~US XANTHURUS 
~ORCt.E SAXATILIS 
t.OTRCPIS HUDSONIUS 

6:00 

ALCSA SP. 
BRE~CORTIA TYRANNLS 
LEIOSTO~lS XANTHLRUS 

SURFACE 
LEFT RIGHT 

5 

5 
5 

INTAKE 

MIDWATER 
LEFT RIGHT 

5 

5 
5 

16 

BOTTOM 
LEFT RIGHT 

4 

22 

4 
4 

7 

SURFACE 
LEFT RIGHT 

4 

DISCHARGE 

Ml OWAT ER 
LEFT RIGHT 

4 
4 

7 12 

BOTTOM 
LEFT RIGHT 

7 

4 

25 34. 

O'I 
0 



e 
Table 4. (continued). 

JUNE 8 - q, 1978 

I NT AKE DI SCH AR GE 
------ --------

STA TIO 1' 
SPECIES TIME SURFACE M IDWATER BOTTOM SURFACE Ml OWATER BOTTf'M 

LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 

10: 00 

ALCSA SP. 4 9 
ANCHCA I' ITCHILLl 4 6 
Goe IOSCl'A ecsc 1 172 152 74 80 17 19 55 51 82 
MEMeRAS MARTl~ICA 3 6 6 3 

14:00 

A~CHCA MITCHILLI :i 
GOeICS[l'a ecsc 1 5 5 127 98 124 94 1 () ;~6 85 104 192 18 ~; 
l'El'ERAS MARTl~ICA 5 6 
MENIOIA eER'rLLINA 3 12 ;I 

O'\ 
f--J 

18:00 

A LO SA SP. 4 
A"Ct-CA t' ITCHILLI 3 3 
DCROSOl'A CfPEOIA~UI' 4 

~ 

OORCSOl'A PfTENENSE 3 3 3 
GCB I0Srl'A BCSC.l 76 84 73 56 100 109 25 6 81 74 106 9 ;I 
ICTALURUS PUhCTATUS 3 
LElnSTr~LS XANTHURUS 3 3 6 3 
._. EM eRA S ,..ARTH, IC.A 4 3 
H" IDIA eERYLL INA 3 3 3 
MfNIDIA l'E~ IO IA 4 i 

22: 00 · 
I 

ANCt-(A MlTOtllll 5 8 
ER f.VCOH IA TYRA1'NUS 4 3 
GOE 1cscr,,A ecsc1 42 12 235 111 218 236 37 117 130 240 15 0 
LEl~STC~LS XANlHLRUS 4 a 3 3 13 3 3 •' 

,-E~.IDIA eERHlll\A a 17 4 3 3 
, 
·' 

l"Cl<CI\E SAJCATILIS 4 3 
TRl~ECTES ~ACULATUS 4 



Table 4. (continued). 

I NT AKE DISCH~RGE 
------ --------

STATION 
SPECIES TIME SURFACE MIDWATER BOTTOM SURFACE ~IOWATER BOTTO~ 

LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT· RIGHT LEFT RIGHT 

2:00 

ANCHOA M ITCHILLI 1 8 3 
BREVOORT(A TYRAN~US 10 5 
OCRCSOl'A PETENENSE 9 3 
GOeIOS0"1A B<1SC( 19 52 511 382 306 213 60 27 344 210 565 470 
LEIOSTOl'US XANTHURUS 14 
MEMBRAS "1ARTlhlCA 14 
MENIOIA eERYLLlhA " 10 3 
"1 EN IO IA "1EN ID IA 4 
MORCNE SAXATILIS 3 

6:00 

AtiCt"CA MITCH ILL! 7 4 4 3 O'I CO?rSOl'A PETE~ENSE 4 3 N 
GOB IOS(l'A BCSCI 122 147 b5 71 100 88 24 29 58 bb 71 H 
LEl0STC"1LS XA~THURUS 4 
ME~IDIA BEPYLLINA 4 3 3 
MENIDIA MENIDIA 3 

.. 



e 
Table 4. (continued). 

JUNE 22 - 23, 1918 

I NT AKE DISCHARGE 
------ --------

STATI01', 
SPECIES TIME SURFACE MIDWATER BOTTOM SURFACE Ml DWATER B0nm1 

LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RI G'-IT LEFT RIGHT LEFT RlGHf 

10:00 

ANCHOA ,.. ITCI-IILLI 75 7 107 3 20 16 15 27 
GOBICSC,..A ensu 35 32 509 248 53 71 10 14 56 69 l 78 120 
ME,..BRAS ~AQTINICA 3 

14:00 

Al',CHOA ,.ITCHILLI 83 50 49 3 49 31 
GOBIOSO,..A Bf15Cl U,7 212 249 6 41 16 423 497 

lB :oo 
O'I 

All.Ct-DA ~ITCt'ILLI 4 3 6 3 17 
w ·r 

C nJ [SCI CN R EGALl S 4 
FUND~LLS HETfRCCLlTUS 19 
GCB IGS C,.A 8(5(1 38 22 27 109 123 21 29 66 50 82 e:i 

22: 00 
ii 

ENTIRE 2200 SAMPLING ABORTED 

2:00 

ANCHOA t' l TCHI LL l 43 37 101 Bl 15 3 37 13 31 2:l 
Gr.AI CSCl'A ease 1 19 296 232 1067 550 22 10 351 269 295 316 
LE ICSTOl"LS XAI\T HU RUS 4 4 
Ml'"flRAS "AJlTII\ICA 6 3 
MENIDIA eER 'rl LINA 59 10 3 4 



Table 4. (continued). 

SP EC IES 
STATIOI\ 

TIME 

6:00 

ANCl-lOA "ITCHILLI 
CYI\CSCl(I\ REGALIS 
GOBICSCl"A EOSCI 
i,iORCNE SAJ<ATILIS 

SURFACE 
LEFT RIGHT 

8 

8 9 

I NT AKE 

Ml DWATER 
LEFT RIGHT 

17 

67 

21 
4 

74 

BOTTOM 
LEFT RIGHT 

13 

31 

8 

25 

SURFACE 
LEFT RIGHT 

7 

3 

DISCHARGE 

MIOWATER 
LEFT RIGHT 

24 

87 

13 

114 

BOTTOM 
LEFT RIGHT 

32 

410 

24 
4 

263 
4 

e 



e 

Table 4. (continued). 

Jlil y 25 - 26, 197b 

I NT AKE DISCHAKLE 
---------

STATION 
SPECIES TiME SURFACE MIDl'IATf:R BOTTUM SURFACE MIUWATER llOTlOM 

LEfT RIGHT Llf T RIGHT LEFT RIGHT LEF-T RIGHT LEFT RIGHT L EfT RIGHT 

10:00 

A NC HOA f,I ITCHILL1 5 46 27 7 7 13 9 12 3 42 33 
GODICSCMA BOSCI 63 27 286 255 28 9 15 21 bl 47 
MEMDRAS ~ARTl~ICA 34 3 3 
MENIDIA BERVLLINA 3 

l't: 00 

ANCHOA HITCHILLI 43 15 llb 73 7 10 41 20 72 80 
CY~CSCICN REGALTS 3 
FUNDULLS HETENUCLITUS 4 b O"'I 

GlllllGSCMA BOSCJ 68 44 111 105 7 7 7 34 37 Ul 

MEMBRAS ~ARTlNICA 18 (, 

MENIOIA llERYLLINA 18 

lll:00 

ANCHOA f,I ITCHILLI 5 4 8 170 18') 22 n 81 38 117 168 
GUBIOSOMA BOSCI 44 6 4 7 66 84 2Q3 262 

'..) UYPSU8LE~N1US 1-.1:~TZI 3 
ME,BRAS "'ARTINICA 4 8 24 15 9 
IH:NIOIA MENIGIA 4 
SYNGNATr.US FUSCUS 3 

22:00 

ANCliC:A MITCHILLI 65 31 56 29 39 17 111 1 7 53 40 
GllfJIOSOMA ease I 4 52 2 1 11 29 6 !Hl 52 i, 7 ')') 

MlNIDIA l!ERYLL INA 4 
MILKOPCGrN UNDLLATUS 3 



e 
Table 4. (continued). 

SPECIES 
STATION 

TIME 

2:00 

ANChOA MITCHILLI 
CVNGSCIO~ ~EGALIS 
GOillllSOMA IJOSCI 
MEMORAS MARTlhlCA 
HEN I GI A HEN IC I A 

6:00 

ANCHOA MITCH I LLI 
GOl:liOSOMA BOSCI 
MEHdRAS ~ARTINICA 

SURFAc.E 
LEFT . R IGtff 

27 
13 

'6 

INTAKE 

M IOWAH:R 
LlFT KIGHT 

12 
61 

tlllTTOM 
LEFT l<IGHT 

86 
522 

SUK FACE 
LEFT kl GHT 

3 

14 

41 
25 

45 
l3'J 

DI SCHAK GE 

MIDWAH:K 
U:H klGHT 

6'} 

JB 

5 

75 
156 

3 

90 
3 

'JJ 
3 

107 
148 

BOTT IJM 
LEFT IHGHT 

102 

119 
3 

L43 
bl5 

lb't 
6 

155 

221 
526 

3 



e 
Table 4. (continued). 

AUGUST 17 - l ij' l ',7 IJ 

I NT AKE 01 SCHARGE 
(-- ----- ---------

STATIO~ 
SPECIES TIME SURFACE MIOWATEH BOTTuM !:.UkFAC.E MIOWATER BOT JOM 

LEFT HIGHT LEFT klGHT LEFT l<.IGHT LE: FT klGHT LEFT RIGHT LEFT RIGHT 

.. 
10:00 

r, 

'' 
ANCHOA l,IITCHILLI 5 500 133 32 / 3 0 25 40 74 94 
ATHER IN IDAE 5 
GOlllGSC"'A BOSCI 1500 1000 3d!> l !>51 68 113 137 86 l 01 lll4 

,,.., 
\. 

MEHORAS ~ARTINlCA 15 
~ENIOIA BERYLLINA 15 3 

·'"' 
14 :oo 

,_,.-, 

A~CHOA "11TCHILLI 42 43 17 17 25 19 31 33 183 147 
CYNCSCICN MEGALIS 3 2 
GCB l0SC"1A 50SCI 472 35~ 98 12 l 113 89 .233 ll3 430 343 °'. I 

... 
-..J 

18:00 

A NC HOA 1,1 ITCH I LL I 34 24 27 11 ll 12 5 3 46 55 208 16 7 
GOB IOSO~A 80SCI 46 54 113 113, 30 44 61 35 126 104 
HENlDlA BERYLLINA 3 

22:00 

ANCHOA MlTCHILLl 23 30 159 95 144 109 32 4l 62 72 39 63 
CYNCSC·lCN REGALIS 2 
GOLi l0S0"1A BCSCI 17 37 58 59 41 54 51 55 56 27 
HEMORAS ~ARTINICA 23 14 {j 

MENlOIA eEf<YLLINA 11 11 11 4 l 
l-ll:NIDIA M£NICIA b 

·-· TRl~EC.TES HACULATUS 4 
SPECIMEN MANGLED 4 



I 
Table 4. 

SPEC JES 

(continued). 

STATION 
TI ME 

2:00 

ANCHOA MITCHILLI 
GOIH OSCMA ease I 
HEMtiRAS MARTINICA 
HENIUIA BERYLLINA 
HENIDIA HENIOIA 
TRINEClES HACULAlUS 

6: 00 

ANCHCA ~JTCHILLI 
GOBIOSCMA BOSCI 
HEMURAS ~AKTINICA 
SYNGNAThLS FUSCUS 

SURFACE: 
LEFT td GH f 

'i 
13 

4 
4 

8 
36 

23 
34 

INTAKE 

Mll)wATEH 
U:.FT RIGHT 

7b 
53 

5 

129 
42 

3 

80 
3l 

4 

150 
16 

UOTTUM 
Ltfl kllihT 

l 9~ 
78 

!l 

bu 
80 

ltd 
39 

14 

33 
104 

SUI\FAI..E 
Ll::f-T k IGHT 

l l 
37 

5 

3 

10 
7 

40 
30 

22 
30 

DI SUIAKGE 

MIOWATER 
LEFT R.I GIH 

5tl 
23 

32 
10 

50 
62 

2 

29 
32 

2 

BOT TUM 
L Ef T R l GH T 

83 
63 

5 
2 

21 
21 

60 
60 

5 

32 
23 

O"I 
0) 



I 

~1 
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Table 4. (continued). 

SEPTEMUER 21 - 22, 

ST AT ION 
SPECIES TIME SUKFAC E 

LEFT KIGHT 

10 :oo 

ANCHOA ,.lTCHILLI 
G08 IOS0,.A OCSCI 

1'1:00 

ANCHOA l'!ITCHILLI 
GOO IDSDMA BOSCI 
SY~GNATI-US FUSCUS 

18: 00 

ANCHCA ,.lTCHILLI 
GCBIOSOl'A BOSCI 

22:00 

ANCHCA MITCHILLI 
ANGUILLA RCSTRAlA 
GU fl lUSOMA tlOSCI 
,.EMB~AS HARTINICA 
MICROuOlllUS THALASSINUS 
HICKOPCGC~ U~UULATUS 
SYl'l'HUflUS PL AG I USA 
SY~GNATI-US FUStUS 

2:00 

ANCHOA l'!TCHILLI 
GOBIOSCMA BOSCI 
MEMURAS ,.ARTINlCA 
MICRCGCBIUS THA(ASSI~us 
HIC~CPCGCN UhOULATUS 
MORONE AMERICANA 
SYNGNAThLS fUSCUS 

l ':170 

INTAKE: 
------

Ml LWATl:k 
L l:FT KIGHT 

4 

4 

13 
3 6 

3 

- e 

ul SCHAHGI:' 
---------

llUTT l1M SUR f-ALt M IDwA H.K BOTTUM 
LcFT · K llilH U:t-T KIGHT LEH KIGHT LEFT KlGIH 

4 5 9 b 
3 

8 11 
j 

3 

°'. 
\0 

3 5 12 12 10 J 
2 5 

6 14 11 8 12 7 20 
3 

3 3 2 18 16 
3 

3 
2 3 

3 
3 

4 7 20 11 3 8 13 17 
8 4 3 5 5 

3 2 

6 3 2 
2 
2 



,., 
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Table 4. (continued). 

SPECIES 
STATION 

TIME 

t:00 

ANCHCA HITCHILLl 
GOtH CS(f,IA BOSC l 
HICROPOGON LNDULATUS 

SURFACE 
LEFT HIGHT 

INT AK I: 

H IUhATER 
Ll:f-T klGHT 

llOTTOH 
Ll:FT .klGI-IT 

13 
4 
4 

l3 

SURHCE 
L H 1 k 1 lili T 

6 6 

DISCHARGE 

1'11 DWA T EK 
LE: f-T KI GIi I 

3 
3 
3 

UOTHJH 
LHT RIGHT 

10 12 

e 

-...) 

0 



Table 4. (continued). 

OCTOBER l'.l - 20 l'Ho 

INTAl<.E DISCHARGE ------ ---------STATICN 
SPECIES TIME SUkf ACE: MIUWATER ULl TT OM SUKFAU M IOWA TE:k tWTlOM 

LEFT RIGHT Lt.FT RIGHT LEH HIGHT LEFT RIGHT LEFT RIGHT LEfT HIGHT 

10 :oo 

Al'ICHCA 1:1 ITCH I LLI 4 

14:00 

A NC HCA to! ITCHILLI 5 . 3 a 3 6 6 

18: 00 

ANCHOA MITClllLLI 3 :J 7 5 5 3 22 5 
MICRCPCGCN uNCULATUS 3 -....J 

I-' 

22:00 

A~CHOA MJTCHILLl 5 5 7 3 12 25 19 
GCU IOSCl'!A tlCSCI 4 
MICROPGGCN U~DuLAlUS 5 4 6 6 13 

2:00 

ANCHOA MllCHILLI 4 10 4 6 

6:00 

ANCHOA ~ITCHILLl 4 4 5 5 3 3 2 
MICRGPCGCN U~DLLATuS 2 



Table 4, (continued). 

NOVEMl:IER 15 - 16, 1978 

SPECIES 
STATICN 

TIME 

10:00 

A NC HOA I' ITCHI lll 

1'1: co 

ANCHOA HITCHILLI 

18:00 

ANCtiCA MITCH I Lll 
HICROPOGC~ UNDULATUS 

22:00 

ANCHOA ~ITCHILLI 
HlCROPOGO~ U~CULATUS 

St;RFACI: 
LEfT RIGHT 

5 

INTAKE 

M IDhA TE R UlJ Tl uM 
LEfT RIGHT LEfT HIGHT 

3 
3 

UISLHARGE 

SU hi-AC I: MIDWATER 
L EF l Kl GHT LEFT RIGHT 

3 

3 

5 

BUT TUM 
LEI-T RIGHT 

7. 12 

2 

e 

-..J 
N 



Table 4. (continued). 

D[CEMBER 11 - 12, l~78 

SPECIES 
STAT HIN 

TIME 

14:00 

ANCHOA MITCHILLI 

10:00 

ANCHOA ~ITCHILLI 
HICROPOGUN U~CULATUS 

22:00 

MICRCPCGON UNDULATUS 

2:00 

ALCSA AESTIVALIS 
ANCHOA MITCH I LL I 
HICROPOGON UNCULATUS 

SURf-ACf: 
LEFT RIGIH 

I NT AKE 

MluwATl:K 
LHT RIGHT 

4 5 

DISCHARGE 

tHHTUM 5Ul\t-AL [ MlllWA TER 
LEFT RIGHT UFT R lGHT LEFT RIGHT 

3 

80T TOM 
LEFT klGHT 

2 

2 

2 

2 

2 

2 
4 



e e e 
Table 5, Species and calculated number of fish eggs per 100 m3 captured during 24-hour stations at VEPCO Surry Nuclear 

Power Plant in 1978. 

SPECIES 
STATION 

TIME 

18:00 

Ut.JCENTJFJEC 

JANUARY 24 - 25, 1978 

INTAKE 

SURFACE I-IIOWATER 
LEFT RIGHT LEFT RIGHT 

l)l SCH AR GE 

BOTTO"! SURFACE "l!OHATER BOTHl'"! 
LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 

.S 



Table 5. (continued). 

SPECIES 
STATION 

TIME 

2:00 

Ul',I CENT If IEC 

FEBRUARY lb - 17, 1g1a 

SURFACE 
LEFT RIGHT 

INTAKE 

MIDWATER 
LEFT RIGHT 

DISCHARGE 

BOTTOM SURFACE MIDWAT ER BOTTOM 
LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 

3 



Table 5. (continued). 

SPECIES 
STATION 

TIMI: 

14:00 

Ut.lDENT IFIEC 

MARCI, 16 - 17, 1978 

SURFACE 
LEFT RIGHT 

INTAKE 

MTOWATF.R 
LEFT RIGHT 

DISCHARGF 

BOTTOM SURFACE MIDWA TER BOTTr'M 
LEFT RIGHT LEFT RIGHT lfFT RIGHT LEFT RIGHT 

10 



e 
Table 5. (continued). 

APR IL 6 - 7, 1978 

l~TAKF. DISCHARGE 
------ -------

STAT ION 
SPECIES TIME SURFACE M fDlolATER BOTTOM SURFACE MIDWATER BOTTr.M 

LEFT RIGHT LEFT ~IGHT LEFT RIGHT LEFT RIGHT. LEFT RIGHT LEFT RIGHT 

10 :oo 

CYPRINLS CARPIO 30 33 20 9 
DCRCSOf,A SP. 5 
~CRCNE A"'ERICANA 4 14 9 

14:00 

CYPR INU5 CARPI 0 4 12 
"'ORONE />MER ICt.t--A 7 8 

18 :oo 
-.J 

MORC"lE />"ER (CANA 4 8 
-.J 

UI'- Jl)ENT IF IEC 4 

22:00 

.. 
DCRCSO"'A SP. 6 26 5 5 11, 
~CIICNE /ii' ER ICAM 5 5 

2:00 

CYPR INU 5 CARP 10 3 3 
"'CRn:E />MERIC/>NA 3 3 

6:00 

CYPRINLS CA RP 10 4 
CCRCSCI'~ s p. 27 17 21 17 3 46 
MflRCNE Allo!ER TCANA 7 3 7 25 
Ll\fDENTlflED 4 7 3 6 



e e 
Table 5. (continued). 

A FR IL 13 - 14, 1978 

INTAKE DISCHARGE 
------ ---------

STATIOI\ 
SPECIES TIME SURFACE M IOWA TER BOTTOM SURFACE MI OWA TER BOTTOM 

LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT I.EFT RIGHT LEFT RIGHT 

10:00 

CYPRINU CARPIO 8 10 56 73 76 56, 
COROSOf"A SP. 5 8 2 
l'ORCNE Al'ERICANA 3 4 

14:00 

AL r: SA SP. 4 2 
CYFRINUS CARPIO 24 12 7 3 ;~ 
DCPCSOr,A s p. 14 4 ., 
MCRCNE .AMER !CANA 3 3 4 2 
UdCEI\TIFIEC 3 ~? 

-.J 
co 

18:00 

ALCSA SP. 6 ., 
CYPRII\US CARPIO 3 6 10 3 l 
CCRCSC".A SP. 3 2 23 l '> 
MORCN E A"'E~ICANA 2 ,, 
LNICENTIFIEC 5 

22:00 

.Al.CSA SP • 2 '• 
CYPRINUS CARPIO 3 2 
Dr PC S01'A SP. 5 2 2 

,, ,. 
MCRCI\E A"'ER ICM,A 2 

2:00 

CYPR VWS CA~Pll) 5 5 9 56 Bel 
CCPOS01'A ~P. 5 5 21 
HO RONE AMER ICAt-.A 3 3 2 7 ., n 



I 

I 
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Table 5. (continued). 

SPECIES 

ALCSA SP. 

STATIO" 
TIME 

6:00 

CYPR (NLS CARPIO 
OCRCSC/IA SP. 
MORONE i~ERlCANA 

SURFACE 
LEFT RIGHT 

7 
3 

I NT AKE 

M lDWATER 
LEFT R(GHT 

3 

BOTTOM 
LEFT RIGHT 

6 

SURFACE 
LEFT RIGHT 

3 
8 

5 

5 

DISCHARGE 

M(OWATER 
LEFT RIGHT 

18 

11 

2 
9 

I l 
6 

BOTT!J'~ 
LEFT RIGHT 

2 
30 

4 

25 



Table 5. (continued). 

APRIL 18 - 19, 1978 

INTAKE DI SCH AR GE 
----- --------

STATION 
SPECIES TIHE 5URFACE M lDW.ATER BOTTOM SURFACE MIDWATER BOTTOM 

LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 

10:00 

ALCSA SP. 3 
CYPRINlS CARPIO 11 3 
CCf/CSO"A SP. 6 3 3 2 
MORONE A"lERICANA 8 13 5 9 

14:00 

CYPRINLS CARP IO 3 4 3 
OCRCSOP,A SP. 6 8 

l'GRONE AHRICANA 5 

co 
18:00 0 

COROSOP,A SP. 3 13 9 

22:00 

CCROSO"'A SP. 9 3 
l"CRCNE ~MERICANA 3 3 

2:00 

ALCSA ~P. 5 8 
DCi<rS01"A SP. 0200 INTAKE SAMPLING ABORTED 7 2 2 
flOf<Cl'o;E AflER !CANA -, 5 8 

6:00 

CCRCSOl'A SP. 15 15 I 8 l(l 

l'ORCNF A"'ERICANA 5 10 10 5 

UI\ICENT If I EC 15 16 



e 
Table 5. (continued). 

A PR IL 24 - 25, 191e 

INTAKE DISCHARGE 
---- --------

STA TI ON 
SPECIES TIME SURFACE MIDWATER BrJTTOM SURFACE MIDHATER BOTTOM 

LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 

10:00 

tLCSA SP. 3 3 
DCRQSOl'A SP. 3 6 3 
,..CRCNE AMERICANA 3 6 

14:00 

DCRCSO,.A SP. 3 5 2 
"ORONE A,..ER ICANA 3 2 2 2 

lll:00 

OJ 
f-' 

AL CSA SP. 3 
COROSOl'A SP. 5 5 10 
"CRCNE Al' ER I CANA 3 3 2 4 

22:00 

COROSO"'A SP. 2 3 3 12 3 1 
MCP CNE A!olfR IC ANA 6 7 3 3 
Ut-lCEI\TIFIEC 3 

2:00 

CCR( S0"'A SP. 19 13 49 33 3 
"4C:RCNE Al' ER !CANA 4 4 3 3 3 3 3 

t.:oo 

cr:1wsor.iA ~p. 1 
~CPCNE AMFR (CANA 6 . 12 2 10 
UdCENl IF IEC 2 



Table 5. (continued). 

MAY 2 - 3, 1978 

I NT AKE 0 l SCH AR GE 
------ --------

STAT ION 
SPECIES Tl ME SURFACE MTDWATER BOTTOM SURFACE MIOWATER BOTTO"I 

LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 

10: 00 

C'tPR INL:S CARPIO 4 7 7 10 45 
CCROSOl'A SP. 1) 

MOR ONE ""' ER ICANA 4 3 3 31 55 

14: 00 

CYPRINUS CARP IO 4 4 7 3 14 22 
COROSOl-lA SP. 9 4 4 3 
~ORCNE Al'ERICANA 7 3 14 22 

18:00 00 
l\.) 

CYPIIIMS CARPIU 8 
OCRCSOl'.6 SP. 6 4 4 

~ORCNE .61'ER (CANA 4 16 8 

22:00 

CYPRINUS CARPI 0 3 
CCl<OSO,-A SPe 3 7 7 
MORCNE .6MER (CANA 6 25 3 10 3 13 lo 

2:00 

OCl<CSOl'.6 SP. 3 

!'ORONE .61'ERICANA 4 9 29 21 26 15 80 4.:, 

6:00 

ALCSA SP. 4 

CYPI< INLS CARP 10 4 4 8 B 29 
OCRCSCl'A SP. 18 B 23 •• 
~rJIHJNl AH.H ICANA l <J 5 20 l l 25 20 20 1,2 lt, !, l 



e 
Table 5. (continued). 

MAY 11 - 12, 1978 

INTAKE' DISCHARGE 
------ -------

STATION 
SPECIES TIME SURFACE MIDWATER BOHOi-i SURFACE MIDWATER BOTTO"! 

LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT- LEFT RIGHT LEFT RIGHT 

10:00 

HCSA SP. 26 
CYPPINLS C.\APIO 8 25 36 23 14 
nCRCSOfolA CEPEDIA~UM 3 4 
MCRCNE AMERICANA 3 7 16 49 14 

14:00 

CYPRINUS CARPIO 28 7 1 5 4 4 
COl<rSOfolA SP. 4 
fo/Ol<ONE A"ERICANA 4 22 4 

co 18:00 w 

,LOSA SP. 9 
OCRCSOfo/A SP. 7 3 
~CRCNE AME~ICANA 9 

22:00 

ALCSA SP. 4 4 
fo/Ol<O~E Afo/ERIC~NA 8 9 4 

2:00 

CYPR mus CARP IO 7 3 7 
CCl<CSOl'A SP. 6 
ME~IOJj eE~~LLINA 4 
"ORCNE Afo/ERICANA 10 24 7 



Table 5. (continued). 

SPECIES 

aLCSA SP. 

S UT ION 
TIME 

6:00 

(HR INUS caRPIO 
OCRCSCIIA SP. 
MCRCNE AHRICANA 

INTAKE 

SURFACE MIOWATER BOTTOM 
LEFT RIGHT LEFT RIGHT LEFT RIGHT 

5 

5 4 

OJ SCHARGE 

SURFACE MIOWATER BOTTOM 
LEFT RIGHT LEFT RIGHT LEFT RIGHT 

14 18 D 
3 53 28 37 22 
9 

18 i2 38 35 73 4~; 



Table 5. (continued). 

SPECIES 
STA Tl ON 

TIME 

10: 00 

ALCSA SP. 
CYPRINUS CARPIO 
MCRCNE AMERICANA 

14 :oo 

CYPRINUS CARPIO 
CCRCsoi,,A SP. 
MOR CNE Alo4ER. IC ANA 

18:00 

CYPRINLS CARP IO 
H't'10 I A BERYLL INA 
HEIi.IO IA ~ENIDIA 
P'ORCNE Al'ERICANA 

22:00 

ncsA SP. 
CYPRINLS CAqPIO 
[CRCSCl'A SP. 
l'CRCNE A~ERIC.ANA 
L"ICENTIFIEC 

2:00 

AL CSA SP. 
CYPRINLS CARPIO 
CCRCSC~A CEPEDIANUM 
,.rJRQNE IIMER IC.ANA 

~AY 18 - 19, 1978 

SURFACE 
LEFT RIGHT 

8 

INT AKE 

MIOWATER BOTTOM 
LEFT RIGHT LEFT RIGHT 

5 

4 

DISCHARGE 

SURFACE MI DWAT ER BOTTO,,.. 
LEFT RIGHT LEFT RIGHT LEFT RI1oHT 

'• •• 
4 7 10 28 26 
8 4 15 7 33 30 

4 3 
4 3 ·r 

3 

CX) 

Ul 

4 4, 
3 

L 

4 

~· ,, 
,. 
·' 

6 
4 5 

... 

E 
4 4 14 13 18 E 

4. 

6 35 2 (1 



e 
Table 5. (continued). 

STATIOI'. 
SPECIES TIME 

b:00 

CYPR INLS CA RP IO 
~ORO~E A~ERICAWA 
Ur-.IOENTIFIED 

INTAKE 

SUPFACE. MI DWATER 
LEFT RIGHT LEFT RIGHT 

4 

DISCHARGE 

BOTTOM SURFACE MIDWATER 
LEFT RIGHT LEFT RIGHT LEFT RIGHT 

4 
11 4 

BOTTOM 
LEFT RIGHT 

13 23 
E-

00 
O"I 



Table 5. (continued). 

SPECIES 

llCSA SP. 

STATION 
TIME 

10 :oo 

14 :oo 

f"ORCNE lM ER ICANA 

6:00 

CYPfl INUS CARPIO 

MAY 25 - 26, l'HB 

SURFACE 
LEFT RIGHT 

INTAKE 

M IOWA TER 
LE FT RIGHT 

BOTTOM SURFACE 
LEFT RIGHT LEFT RIGHT 

4 

4 

DISCHARGE 

MIDWATER 
LEFT RIGHT 

7 3 

BOTTOM 
LEFT RIGHT 

4 

16 

CX) 

...J 



Table 5. (continued). 

SPECIES 

At-CHCA 

STATIOt­
TIME 

14:00 

1" ITCHI Lll 
lNIOENTIFIEO 

18:00 

ANCHOA "ITCHILLI 

22:00 

At-CHCA t'1TCHILLI 
CORCSOMA SP. 
l'EI\ IOI A eERVLLINA 

2:00 

ANCHOA M ITCHILLl 
DCRCSQr,,A SP. 
MENIDIA BERYLLINA 

6:00 

ANCHOA P' ITCHILLI 

JUt-E 8 - 9, 1978 

SURFACE 
LEFT fl. lGHT 

5 

I NT AKE 01 SCHARG E 

MIDWATER BOTTOM SURFACE MI OWATER BOTTO~ 
LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 

3 

3 

5 4 4 
00 

3 00 
5 4 

5 
II 

7 5 4 
3 

3 

3 12 



,--- - e 
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Table S. (continued). 

JU~E 2 2 - 23, 1978 

INTAKE DISCHARGE 
----- -------

STATIO~ 
SPEC I ES TIME SURFI\CE MIOWATER BOT TOH SURFACE MIOWATER BOTTOM 

LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGtH LEFT RIGHT I.EFT RIGHT 

10:00 

ANC110A fl lTCHI lll 752 617 4000 1628 9579 7107 197 90 436 548 629 371 

14:00 

ANChOA M ITCHILLI 70 46 178 212 428 239 318 31"1 

18:00 

ANCt-CA MITCHILLI 162 132 315 164 134 138 80 32 164 l 71 172 3:1 

00 2:00 ~ 

ANCHOA fl lTCHILll 170 123 1022 849 7647 4569 202 2130 317 188 372 32] 

6:00 .. 
ANCHOA fllTCHILLI 904 435 1346 730 1430 1197 2231 1556 2425 2059 3 336 278}. 
,.EMellAS f,IARTINICA 5 

ENTIRE 2200 SAMPLING ABORTED 



Table 5 ~ (continued). 

JlJL Y 25 - 26, l'HO 

SPECIES 

ANCHOA 

ANCHCA 

STAT ION 
T IMf: 

10:00 

H ITCHILL I 

14:oo 

HITCH ILL I 

16:00 

ANCHOA HITCHILLI 
UNICENTlflED 

22·: 00 

ANCHOA M lTCHILL I 
U/\ICf.NTIFIED 

2:00 

ANCHOA MllCHILLI 
CYPRINCDCN VARIEGATUS 

6:00 

ANCHOA I' lTCHI LL I 

5Ul<fACE 
LEfT RIGHT 

6 15 

4 4 

13 12 

INTAKE 

M 11)1,i A TlcK HOTT UH 
LEFT RIGHT LEFT KIGHT 

60 15 15 7 25 l 

4 4 5 19 

4b 1.5 

21', 101 113 

e 

DISCHARGE 

5Ul<FALI: MIUi.AT ER iiOl TOM 
Ll:FT KIGHT LEFT RIGHT LEFT RIGHT 

9 b b 3 b 

25 3 4 10 14 b 

6 40 3 
3 \.0 

0 

12 6 27 
:> 

;) b 

3 

222 317 301 211 no 365 



.~ e 
Table 5. (continued). 

IILGLST 17 - 11:, lC,78 

SPECIES 
STAT ION 

TIME 

10:00 

ANCHOA HITCH I LL I 

14:00 

ANCHOA MITCHILLI 

l8 :oo 

ANCHOA MITCHILLI 

2:00 

ANCHCA MITCHILLI 
CVPRINCDCN VARIEGATUS 
GOLIIGSCMA BOSCI 

6:00 

ANCf-tOA MJTCHILLI 
FUNDULuS DIAPHANUS 

SUH ACE 
LEFT RIGHT 

30 118 

15 4 

3 

INTAKE 

Ml U\olATER 
LEFT RIGHT 

2000 5500 

63 49 

7 

DISCHARGE: 

lllJTTOM SUP.f Ac.E M 1 IJWA TE R BOT TOM 
LEFT RIGHT Ll:t-T i<IGHT L EfT k I GHT L EfT RIGHT 

10 L45 1 74 22b 161 205 69 160 

73 107 29 10 2 9 14 

12 5 5 
10 
I-' 

12 2 2 
2 

10 

2 
2 



Table 5. (continued) , 

SPECIES 
STATIOf\ 

TIME 

lC:00 

FUNOULUS DIAPHANUS 

22:00 

ANCHOA l<I ITCHJLLI 

SEPTEMBEk ll - 22, l"J7u 

INTAKE 

SURFACE MID~ATER 
LEFT N IGIH U:FT RIGHT 

bUTTOM SUKfAL[ 
LEFT RIGHT L Ef T k I Gf1T 

DISCHAkGE 

MI DWA TEI< 
L[ FT k IGH T 

BOTTOM 
LEfT HIGHT 

\0. 
:--.> 



Table 6. Average (yearly) number of fish and fish eggs captured per sample (by depth) 
during 24-hour stations at VEPCO Surry Nuclear Power Station in 1978. 

Fish 

% Change 

Eggs 

% Change 

Intake 
Surface 

11 

16 

0% 

81% 

Discharge 
Surface 

11 

29 

Intake 
Midwater 

49 

78 

-39% 

-50% 

Discharge 
Midwater 

30 

39 

Intake 
Bottom 

57 

142 

4% 

-65% 

Discharge 
Bottom 

59 

50 I.D 
w 



Table 7, Average number per sample of dominant species (fish and fish eggs) captured during 24-hour stations at VEPCO Surry Nuclear Power Plant in 1978. 

1978 INTAKE DISCHARGE 

Auchoa Anchoa Gobiosoma Micropogon Brevoortia Marone Marone Anchoa Anchoa Gobiosoma Micropogon Brevoortia Marone Marone 
Date !!!!:tChilli mitchilli ~ bosci undulatus tyrannus saxatilis americana mitchilli mitchilli ~ bosci undulatus tyrannus saxatilis americana 

Jan. 24-25 0 0 0 0 0 0 <l 0 0 0 0 0 0 <l 

Feb, 16-17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Mar, 09-10 0 0 0 0 0 0 <l 0 0 0 0 0 0 0 

Mar, 16-17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Apr, 06-07 0 0 0 0 1 <l l 0 0 0 0 3 0 <l 

Apr, 13-14 0 0 0 0 4 23 0 0 0 0 5 3 14 

Apr. 18-19 l 0 0 0 0 <1 <l 2 0 0 0 2 <l <l 

24~25 
\.0 

Apr. 3 0 0 0 2 <l <1 6 0 0 0 6 <l <l ,J:s. 

May 02-03 <l 0 0 0 <l 1 1 1 0 0 0 <1 <l <l 

May 11-12 0 0 0 0 1 3 <l 0 0 0 0 1 2 <l 

May 18-19 <l 0 2 0 3 23 3 0 0 2 0 1 13 2 

May 25-26 <l 0 0 0 1 <l 0 0 0 0 0 <l <l 0 

Jun, 08-09 l 1 121 0 1 <l 0 <l l 111 0 <l <l 0 

Jun, 22-23 24 1,561 147 0 0 0 0 14 690 131 0 0 <l 0 

Jul, 25-26 34 38 64 0 0 0 0 60 52 90 <l 0 0 0 

Aug, 17-18 7!> 230 183 0 0 0 0 53 30 89 0 0 0 0 

Sep.· 21-22 2 <l 1 <l 0 0 0 7 0 2 l 0 0 <l 

Oct, 19-20 2 0 0 <l 0 0 0 4 0 <l 1 0 0 0 

Nov. 15-16 <l 0 0 <l 0 0 0 <l 0 0 1 0 0 0 

Dec. 11-12 <l 0 0 0 0 0 0 <l 0 0 <l 0 0 0 



Table 8. Ranges of salinity (0 /oo) during 24-hour stations at VEPCO Surry 
Nuclear Power Plant in 1978. 

I N T A K E D I s C H A R G 
DATE Surface Midwater Bottom Surface Midwater 

Jan. 24-25 High 0.2 0.2 0.3 0.2 0.2 
Low 0.1 0.1 0.1 0.1 0.1 

Feb. 16-17 High 2.2 2.5 2.5 2.5 2.4 
Low 2.0 2.0 2.0 2.1 2.1 

Mar. 09-10 High 3.1 3.2 3.2 3.2 3.2 
Low 1. 8 1. 8 2.3 2.1 2.2 

Mar. 16-17 High 0.3 0.3 0.3 0.3 0.3 
Low 0.2 0.2 0.2 0.2 0.2 

Apr. 06-07 High 0.2 0.2 0.2 1. 6 0.5 
Low 0.1 0.1 0.1 0.1 0.1 

Apr. 13-14 High 0.4 0.4 0.5 0.4 0.4 
Low 0.2 0.3 0.2 0.3 0.3 

Apr. 18-19 · High 2.8 2.8 3.0 3.0 3.1 
Low 2.5 2.6 2.5 2.6 2.6 

Apr. 24-25 High 3.2 3.3 3.5 3.3 3.3 
Low 2.6 2.6 ·2.6 2.6 2.6 

May 02-03 High 
Data misplaced 0.5 0.5 

Low 0.3 0.3 

May 11-12 High 0.2 0.1 0.1 0.1 0.1 
Low 0.1 0.1 0.1 0.1 0.1 

E 
Bottom 

0.2 
0.1 

2.4 
2.1 

3.2 
2.3 

0.3 
0.2 I.O 

U1 

0.2 
0.1 

0.4 
0.3 

3.0 
2.6 

3.3 
2.5 

0.5 
0.3 

0.1 
0.1 



Table 8. (Continued) 

I N T A K E D I s C H A R G E 
DATE Surface Midwater Bottom Surface Midwater Bottom 

May 18-19 High 0.6 0.3 0.4 0.3 0.3 0. 3 
Low 0.1 0.1 0.1 0.1 0.1 0.1 

May 25-26 High 0.3 0.3 0.3 0.4 0.4 0.4 
Low 0.2 0.2 0.2 0.2 0.2 0.2 

June 08-09 High 1. 5 1. 5 1. 4 1. 9 1. 5 1. 5 
Low 1. 2 1. 3 1. 3 1. 3 1. 2 1. 2 

June 22-23 High 4.1 4.1 4.2 4.0 4.0 4.0 
Low 3.3 3.5 3. 7 3.4 3.4 3.4 I.O 

(J'\ 

July 25-26 High 6.0 6.0 6.2 6. 0 6.0 6.0 
Low 5.2 5.2 5.3 4.0 5.3 5.3 

Aug. 17-18 High 4.6 4. 6 4.6 4.7 4.7 4.7 
Low 3.8 3.8 3.9 3.8 3.9 3.9 

Sept. 21-22 High 9.2 9.2 9.2 9.2 9.2 9.2 
Low 8.4 8.5 8.5 8.5 8.5 8.4 

Oct. 19-20 High 9. 8 9.6 9.9 9.7 9.7 9.7 
Low 9.4 9. 4 9.4 9. 4 9.4 9.4 

Nov. 15-16 High 10.5 10.6 10.6 10.6 10.6 10.6 
Low 9.6 9.6 9.6 9.7 9.7 9.7 

Dec. 1.1-12 High 7.3 7.2 7.2 7.1 7.0 7.0 
Low 5.7 5.7 5.8 5.7 5.7 5.7 



Table 9. Ranges of water temperature (C) during 24-hour stations at VEPCO Surry 
Nuclear Power Plant in 1978. 

I N T A K E D I S C H A R G E 
DATE Surface Midwater Bottom Surface Midwater Bottom 

Jan. 24-25 High 4 4 4 12 12 12 
Low 3 3 3 11 11 11 

Feb. 16-17 High 2 2 2 10 10 io 
Low 1 1 1 9 9 9 

. Mar. 09-10 High 3 3 3 12 11 11 
Low 2 2 2 11 10 11 

Mar. 16-17 High 9 9 9 18 18 18 
Low 7 7 7 15 16 16 I.O 

•-.I 

Apr. 06-07 High 15 15 14 20 20 20 
Low 13 13 13 19 19 18 

Apr. 13-14 High 18 17 17 24 24 24 
Low 15 15 15 22 22 21 

Apr. 18-19 High 14 14 14 21 21 21 
Low 14 14 14 21 20 20 

Apr. 24-25 High 16 16 16 22 22 21 
Low 15 15 15 19 19 19 

May 02-03 High 16 16 16 22 22 20 
Low 14 14 14 20 19 20 

May 11-12 High 20 20 19 25 24 24 
Low 17 17 17 23 22 22 



e 

Table 9. (Continued) 

·I N T A K E D I S C H A R G E 
DATE Surface Midwater Bottom Surface Midwater Bottom 

May 18-19 High 23 22 21 28 28 27 
Low 20 20 19 25 25 24 

May 25-26 High 24 24 23 24 24 24 
Low 22 22 22 22 22 22 

June 08-09 High 26 26 26 31 30 30 
Low 24 24 24 29 28 28 

June 22-23 High 28 28 27 35 32 32 
Low 24 24 24 31 30 30 I.O 

00 

July 25-26 High 30 30 30 35 34 34 
Low 27 27 27 32 32 32 

Aug. 17-18 High 32 31 31 39 38 38 
Low 29 29 29 37 35 37 

Sept. 21-22 High 28 27 27 35 34 34 
Low 24 24 24 33 32 32 

Oct. 19-20 High 17 17 17 27 26 26 
Low 15 15 15 26 25 24 

Nov. 15-16 High 16 16 16 25 24 23 
Low 16 16 16 23 23 25 

Dec. 11-12 High 10 10 10 18 17 18 
Low 8 9 9 14 13 13 



Table 10. Ranges of dissolved oxygen (mg/1) during 24-hour stations at VEPCO Surry 
Power Plant in 1978. 

I N T A K E D I s C H A R G E 
DATE Surface Midwater Bottom Surface Midwater Bottom 

Jan. 24-25 High 11. 6 11. 6 11. 6 11. 2 11. 6 11. 3 
Low 10.3 11. 2 11. 2 10.2 9.2 9.8 

Feb. 16-17 High 12.1 12.1 12.2 14.9 12.l 12.0 
Low 11. 8 11. 6 11. 8 11. 5 11. 4 11. 4 

Mar. 09-10 High 12.4 12.4 12.4 12.3 12.3 12.4 
Low 12.0 12.0 11. 9 11. 3 11. 4 11. 4 

Mar. 16-17 High 10.6 10.7 10.7 10.6 10.4 10.5 
Low 10.4 10.3 10.4 10.3 10.0 10.2 

Apr. 06-07 High 9. 8 9. 8 9.6 9.2 9. 3 9. 3 
Low 8. 9 9.0 8. 8 8. 9 8. 7 8.4 

Apr. 13-14 High 8.9 8. 7 8.9 8.7 9.5 8.6 
Low 8.2 8. 3 8.3 8.1 8.3 8.3 

Apr. 18-19 High 9.1 8.9 9.2 9.0 9.0 9.0 
Low 8.5 8.6 8.7 8.3 8.5 8.5 

Apr. 24-25 High 9.6 10.0 9.8 9.0 9.2 9.2 
Low 8.0 8.2 8.3 8.3 8.5 8. 3 

May 02-03 High 9.2 9.1 10.6 8.4 8.7 8.3 
Low 8.0 7. 8 7.9 7.7 8.0 8.0 

May 11-12 High 8. 0 8. 4 7.9 8.0 8. 0 8.2 
Low 7.0 7.8 7.1 7.5 7.6 7.5 

"° "° 



Table 10. (Continued) 

I N T A K E D I s C H A R G E 
DATE Surface Midwater Bottom Surface Midwater Bottom 

May 18-19 High 7.6 8.2 8.3 7.5 9.2 7.7 
Low 7.2 7.0 7.4 6.3 6.9 6. 6 

May 25-26 High 7.4 7.3 7.3 7.3 7.1 7.2 
Low 6.9 6.0 6.4 6.6 6.7 7.b 

June 08-09 High 7.8 6.7 6.7 6.6 7.1 6.5 
Low 5.7 5.8 5.5 5.3 5.7 6.0 

June 22-23 High 7.1 7.3 8.1 6.6 6.7 6. 6 I-' 
Low 4.5 4.4 5.1 4.3 5.5 5.9 0 

0 

July 25-26 High 8.1 8.0 8.3 6.9 6.9 7.0 
Low 5.2 6.1 6.4 6.2 6.1 6.0 

Aug. 17-18 High 6.3 6.3 6.6 6.1 6.2 6.2 
Low 4.8 4.7 5.5 4.7 4.6 5.3 

Sept. 21-22 High 7. 8 7.9 8.1 6. 7 6.5 6.5 
Low 6.4 6.6 6. 3 5.6 5.9 5.2 

Oct. 19-20 High 8.1 8.2 8.1 7. 8 7.9 7. 8 
Low 6.5 6.5 5.5 6.9 7.1 5.4 

Nov. 15-16 High 7.9 8.0 8.4 11. 5 7.6 7.9 
Low 7.5 7.1 7.4 6.5 6.9 7.1 

Dec. 11-12 High 9.8 9.5 9.7 9.9 9.7 9.7 
Low 7.1 7.4 6.7 7.8 8.0 8.7 



Table 11. Descriptive statistics of dependent ( y.) and independent (X.) variables. 
1 J 

J.anuary-December 1978 May-October 1978 
(N = 656) (N = 316) 

Standard Standard 
Variable Mean Deviation Minimum Maximum Mean Deviation Minimum Maximum 

Y1, Total abundance of fish 2.3 2.10 0.0 8.01 

Y2, Abundance of fish species 0.8 0.64 0.0 2.30 

Y3, Fish species diversity 0.3 0.44 o.o 1.8 

y ti' Total abundance of eggs 1.2 1.94 OoO 9.7 

Vs, Abundance of egg species 0.3 0.45 0.0 1. 6 
I-' 
0 

y 6 ' Egg species diversity 0.1 0.24 0.0 1. 2 I-' 

Y7, Abundance of A. mitchilli fish 1.6 1.86 0.0 6.2 

y 8' Abundance of G. bosci fish 2.1 2.40 0.0 7.8 

y 9 ' Abundance of A. mitchilli eggs 1.2 2.31 0.0 9.7 
---------------------------------------------------------------------------------------------------------------
x1 , Depth 3.1 2.09 1.0 7.0 3.1 2.06 1.0 7.0 

x2, Temperature 19.7 8.70 1.0 39.0 26.2 5.57 15.0 39.0 

X3 ' Salinity 3.0 3.34 o.o 11.0 3.5 3.52 0.0 10.0 

x1i, Dissolved oxygen 8.4 L92 4.3 14.9 6.9 0.87 4.3 9.2 

Xs' Location 0.5 0.50 0 1 0.5 0.50 0 1 

X 
6 ' 

Period 0.5 0.50 0 1 0.5 0.50 0 1 



Table 11. (continued). 

January-December 1978 May-October 1978 
(N = 656) (N = 316) 

Standard Standard 
Variable Mean Deviation Minimum Maximum Mean Deviation Minimum Maximum 

X1, Tide o.o 0.70 -1 1 0.1 0.70 -1 1 

Xa' Fall 0.1 0.35 0 1 0.1 ·0.30 0 1 

X9, Winter 0.2 0.41 0 1 

X10, Spring 0.5 0.50 0 1 0.6 0.50 0 1 

I-' 
0 
N 



e 
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Table 13. Standardized partial regression coefficients with ranks of relative importance in parentheses. 

y. 
1 DeQth TemQerature Salinit,t Dissolved Oxygen Location Period Tide 

y 0.200 ( 3) 0. 727 ( 1) -0.358 (2) -0.145 (4) -0.129 ( 5) 0.080 (6) ns ( 7) 
1 

y 0.150 (3) 0.542 ( 1) -0.326 (2) ns (6) ns (6) 0.136 (4) ns (6) 
2 

y 0.116 (4) 0.168 (2) -0.212 (1) ns (6.5) 0.109 (5) 0.146 ( 3) ns (6.5) 
3 

ylj. ns (6) 0.427 ( 1) 0.189 (2) ns (6) ns (6) -0.119 ( 3) 0.094 (4) 

y ns (5) 
5 

0.167 (2) ns (5) ns (5) 0.257 ( 1) ns ( 5) ns (5) 

VG ns (5) ns ( 5) ns ( 5) 0.276 (2) 0.318 (1) ns (5) ns (5) 

Y1 0.304 (2) 0.376 (1) ns (6.5) -0. 210 ( 3) ns (6.5) 0.104 (4) 0.073 (5) I-' 
0 
.i:,. 

YB 0.279 ( 3) 0.929 ( 1) ns (6) -0.166 (4) -0.302 (2) ns (6) ns (6) 

y9 0.094 (6) 0.703 (1) 0.611 (2) ns ( 7) -0.307 ( 3) -0.145 (4) 0.109 (5) 

Sum of 
Ranks 37 15 31. 5 43.5 35.5 40 49.5 

Overal 1 
Rank of 4 1 2 6 3 5 7 

Relative 
Importance 



3.6 FISH MORTALITIES 

Fish impingement estimates for the low-level screens for the 

time period of January 1, 1978 to December 30, 1978 are reported. Due 

to ice damage to the screens, samples were not taken during the period 

from February 5 through March 4. These estimates are based on two 

five-minute replicates taken daily Monday through Friday and extra­

polated to reflect weekly values. 

The low-level screens, which were specifically designed to 

reduce fish impingement mortality, stopped an estimated 4,043,054 fish 

from entering the high level canal during this time period. Of this 

total, an estimated 3,796,682 individuals were returned to the river 

alive. The average eleven-month survival was 94% with a range of 83% 



SURRY POWER STATION 
LOW LEVEL WEEKLY REPORT 

·Ave. No. Circ. Pumps: 

Temperature Min- Max: 

Salinity Min - Max: 

4'tek Of January 1 Th rough January 7, .1978 Survival Percentage: 

VIMS 
MODAL SIZE. (mm) rnnF COMMON NAME SCIENTIFIC NAME 

040 Channel catfish lctalurus punctatus 

039 White catfish lctalurus cat us 200-299 

116 Brown bu 11 head lctalurus nebulosus 

108 Golden shiner Notemigonus crysoleucas 

110 Spottail shiner Notropis hudsonius 

060 American eel Anguilla rostrata 300-399 

051 Gizzard shad Dorosoma cepedianum 140-199 
275 Threadfin shad Dorosoma petenense 60-79 

026 Alewife Alosa pseudoharengus 100-119,120-139 

027 Blueback herrinq Alosa aestival is 60-79 

037 Atlantic menhaden Brevoortia tyrannus 80-99 

103 Bay anchovy Anchoa mi tch i 11 i 

149 Tidewater ~ilverside Menidia beryl l ina 60-79 

--o Atlantic silverside Menidia menidia 80-99 
;5 Pumpkinseed Lepomis qibbosus 

032 White perch Marone americana 80-99 
033 Spot Leiostomus xanthurus 80-99 
005 Atlantic croaker Micropogon undulatus 40-59 
151 Hog choker Trinectes maculatus 80-99 
107 Silvery minnow Hybognathus nuchalis 120-139 
231 Striped mullet Mugil cephalus 140-199 

-

R - 9/75 3.6-2 TOTAL 

8 

3.1 - 4.4 
1.6 - 2.9 

99.5 % 

ALIVE DEAD 

288 0 

576 0 
23,112 0 
4,968 0 

864 0 

30,528 144 
6,048 0 

504 0 

2.232 0 

91,800 648 

648 0 

1.22h 72 

360 0 

lhL. 0 

lL.!i 0 

163,440 864 



SURRY POWER STATION 
LOW LEVEL WEEKLY REPORT 

Ave. No. Circ. Pumps: 

Temperature Min-Max: 

Salinity Min-Max: ek Of ,January 8 Through January 14, 1976 Survival Percentage: 

VIMS 
rnni= COMMON NAME SCIENTIFIC NAME MODAL SIZE (mm) 

040 Channel catfish lctalurus punctatus 200-299 

039 White catfish lctalurus catus 140-199,200-299 

116 Brown bu 11 head lctalurus nebulas us 200-299 

108 Golden shiner Notemigonus crysoleucas 

110 Spottail shiner Notropis hudsonius 

060 American eel Anguilla rest rat a 300-399 

051 Gizzard shad Dorosoma cepedianum 140-199 
275 Threadfin shad Dorosoma petenense 60-79,80-99 

026 Alewife Alosa pseudoharengus 120-139 

027 Blueback herrino Alosa aestival is 60-79 

037 Atlantic menhaden B revoo rt i a ty rann us 80-99 

103 Bay anchovy Anchoa mitchill i 60-79 

149 Tidewater silverside Menidia bery 11 i na 60-79 

so Atlantic silverside Menidia menidia 80-99 

I 35 Pumpkinseed Lepomis qibbosus 

032 White perch Mo rone ame r i can a 80-99 

033 Spot Leiostomus xanthurus 80-99 

005 Atlantic croaker Micropogon undulatus 40-59 

151 Hog choker Trinectes maculatus 60-79,100-119 

052 Carp Cyprinus carpio 400-h99 

122 Mummichog Fundulus heterocli tus 80-99 

031 Striped bass Marone saxatilis 200-299 

231 Striped mullet Mugil cephalus lh.0-199 

030 American shad Alosa sapidissima 80-99,120-139 

R - 9/75 3,6-3 TOTAL 

8 
0.7 - 6.o 
o.c - 4.9 

99 O/o 

ALI VE DEAD 

576 0 

3,21.0 0 

216 0 

360 0 

28,368 288 
J,096 144 

936 0 

22,536 72 

22,320 216 

1,080 144 

360 11.4 

3,888 288 

135,720 1,221.i 

11.4 0 

2,520 72 

216 0 

432 0 

72 0 

216 0 

360 0 

288 0 

226,944 2,592 



SURRY POWER· STATION 
LOW LEVEL WEEKLY REPORT 

Through Janilary 21, 1978 

·VIMS 
r.nni= . COMMON NAME SCIENTIFIC NAME 

040 Channel catfish lctalurus punctatus 

039 White catfish lctalurus catus 

116 Brown bullhead lctalurus nebulosus 

108 Golden shiner Notemigonus crysoleucas 

110 Spottail shiner Notropis hudsonius 

060 American eel Anguilla ros t rat a 

051 Gizzard shad Dorosoma ceoedianum 

275 Threadfin shad Dorosoma petenense 

026 Alewife Alosa pseudoharengus 

027 Blueback herrino Alosa aestival is 

037 Atlantic menhaden Brevoortia tyrannus 

103 Bay anchovy Anchoa mi tch i 11 i 

149 Tidewater silverside Men i di a. beryl] ina 
. -o Atlantic silverside Menidia menidia 

135 Punipkinseed Lepomis oibbosus 

032 White perch Marone americana 

033 Spot Leiostomus xanthurus 

005 Atlantic croaker Micropogon undulatus 

151 Hog choker Trinectes maculatus 

122 Mummichog Fundulus heteroclitus 

031 Striped bass Morone saxatilis 

231 Striped mullet Mugil cephalus 

R - 9/75 3,6-4 

Ave. No. Circ. Pumps: 

Temperature Min- Max: 

Salinity Min - Max: 

Survival Percentage= 

MODAL SIZE (mm) 

200-299 
200-299 

400-Li99,500+ 

, 140-199 

100-119 

· 60-79 

60-79 
100-119 

80-99 
80;;;.99 

80-99 

140-199 

140-199 

TOTAL 

8 

3.1 - 5.4 
O.J - 0.0 

98 % 

ALIVE DEAD 

72 0 

2,J04 0 

216 0 

35,928 288 

576 0 

69,L.08 2,088 

1,152 72 

72 0 

72 0 

hJ,272 936 

144 0 

1hu 0 

576 0 

1.53,936 3,384 



SURRY POWER STATION 
LOW LEVEL WEEKLY REPORT 

.ek Of JanuarT" 22 Through January 2R, 1976 

VIMS 
rnni= COMMON NAME SCIENTIFIC NAME 

040 Channel catfish lctalurus punctatus 

039 White catfish lctalurus catus 

116. Brown bu 11 head lctalurus nebulosus 

108 Golden shiner Notemigonus crysoleucas 

110 Spottai I .shiner Notropis hudsonius 

060 American eel Anquilla rostrata 

051 Gizzard shad Dorosoma ceoedianum 
275 Threadfin shad Dorosoma petenense 

026 Alewife Alosa pseudoharengus 

027 Blueback herrinq Alosa aestival is 
Qj7 Atlantic menhaden B revoo rt i a ty rann us 

103 Bay anchovy Anchoa mitchilli 

149 Tidewater si1verside Menidia beryl I i na 

-o Atlantic silverside Menidia menidia 

135 Pumokinseed Lepomis gibbosus 

032 White perch Mo rone ame r i can a 

033 Spot Leiostomus xanthur:us 

005 Atlantic croaker Micropogon undulatus 

151 Hog choker Trinectes maculatus 

030 American shad Alosa sapidissima 

122 Mwnmichog Fundulus hetercclitus 

231 Striped mullet Mugil cephalus 

031 Striped bass Marone saxatilis 

052 Car9 Cyprinus carpio 

R - 9/75 3. 6-5 

Ave. No. Circ. Pumps: 

Temperature Min- Max: 

Salinity Min - Max: 

Survival Percentage: 

MODAL SIZE (mm) 

200-299, 300-399· 

11.to-199 

200-299 

140-199 
80-99 

80-99,100-119 

60-79 

140-199 

60-79 

80-99 

40-59 

lOC-119 

60-79 

140-199 

140-199 

500 + 

TOTAL 

7 
2.1-6.0. 

o.o - o.u 
__ 9_9 __ 0/0 . 

ALI VE DEAD 

288 0 

47 ,J04 0 

576 0 

161,352 648 

144 0 

576 0 

103,824 1,872 

72 0 

792 72 

163,296 2,520 

72. 0 

72 0 

216 0 

288 0 

1,368 0 

288 0 

480:,528 5,112 



SURRY POWER STATION 
LOW LEVEL WEEKLY REPORT 

Ave. No. Circ. Pumps: 

Temperature Min-Max: 

Salinity Min-Max: 

~k Of January 29 Through February 4,1978 Survival Percentage: 

VIMS 
(mm) rnnF COMMON NAME SCIENTIFIC NAME MODAL SIZE 

040 Channel catfish lctalurus punctatus J00-399 

039 White catfish lctalurus catus lh0-199 

116 Brown bullhead lctalurus nebulosus 200-299 

108 Golden shiner Notemigonus crysoleucas 

110 Spottai 1 shiner 
I 

Notropis hudsonius 

060 American eel Anquilla ros t rat a 300-399 

051 Gizzard shad Dorosoma ceoedianum 140-199 

275 Threadfin shad Dorosoma petenense 

026 Alewife Alosa pseudoha rengus 

027 Blueback herrinq Alosa aest i va 1 is 60-79 

037 Atlantic menhaden Brevoortia tyrannus 

103 Bay anchovy Anchoa mitchill i 

149 Tidewater silverside Men id i a bery 11 i na. 60-79 

'30 
Atlantic silverside Menidia menidia 80-99 

5 Pumokinseed Lepomis gibbosus 

032 White perch Mo rone ame r i can a- 80-99 

033 Spot Leiostomus xanthurus 

005 Atlantic croaker Micropogon undulatus 

151 Hog choker Trinectes maculatus 

100 Sea lamprey Petromyzon marinus 500 + 

052 Carp Cyprinus carpio 300-399 

122 Mummichog Fundulus het~roclitus 80-99 

231 Striped mullet Hugil cephalus lh0-199 

031 Striped bass Merone saxatilis 140-199,200-299 

R - 9/75 
3.6-6 TOTAL 

' 
7 
0.4 - 2.6 
o.o - 0.3 

99 O/o 

ALI VE DEAD 

360 0 

61.632 72 

144 0 

288 0 

18,11!4 432 

1, hl.J.O 72 

936 0 

144 0 

39.456 1.296 

72 0 

288 0 

504 0 

288 0 

216 0 

123,912 1,872 



SURRY POWER STATION 
LOW LEVEL WEEKLY REPORT 

.. k Of March 5 

VIMS 
rnnF COMMON NAME 

040 Channel catfish 

039 White catfish 

116 Brown bu 11 head 

108 Golden shiner 

110 Spottail shiner 

060 American eel 

051 Gizzard shad 

2 75 Threadfin shad 

026 A 1 ewi fe 

027 81 ueback herring 

037 Atlantic menhaden 

103 Bay anchovy 

Through 

149 Tidewater silverside 

-o Atlantic silverside 

135 Pumpkinseed 

032 White perch 

033 Spot 

005 Atlantic croaker 

151 Hog choker 

101 Longnose gar 

030 American shad 

R - 9/75 

Ave. No. Circ. Pumps: 
7 :'< 

Temperature Min- Max.: ___ 2_·_2 - 3. 3 

Salinity Min-Max: 1.4 - 3.3 

March 11, 1978 Survival Percentage: l 00 % 

* 7 pumps with l screen operating 

SCIENTIFIC NAME MODAL SIZE (mm) ALIVE DEAD 

lctalurus punctatus 

lctalurus catus 

lctalurus nebulosus 

Notemigonus crysoleucas 

Notropis hudsonius 

Angu i 11 a rostrata 

Do rosoma cepedianum 100-119, 140-199 720 0 
Dorosoma petenense 

Alosa pseudoha rengus 100-119 432 0 

Alosa aestival is 60-79 19,296 0 

Brevoortia tyrannus 

Anchoa mi tch i 11 i 

Menidia bery 11 i na 80-99 144 0 

Menidia menidia 80-qq 5,760 0 

Lepomis qibbosus 

Mo rone ame r i can a 80-99 2,592 0 

Leiostomus xanthurus 

Micropogon undulatus 

Trinectes maculatus 

Lepisosteus osseus 300-399 288 0 

Alosa sapidissima 100-119 144 0 

3,6-7 TOTAL 29,376 0 



SURRY POWER STATION 
LOW LEVEL WEEKLY REPORT 

Ave. No. Circ. Pumps: 7 '~ 
Temperature Min-Max: .--6_._3_- _9._5 __ 

0.7 - 0.2 

~k Of March 12 Through March 18, 1978 
Salinity Min-. Max: 

. Survival Percentage: 
----__ 9_9 __ o;

0 

* 7 pumps with l screen operating 
VIMS 

(mm) AL i VE rnoF COMMON NAME SCIENTIFIC NAME MODAL SIZE DEAD 

040 Channel catfish I eta 1 u rus punctatus 

039 White catfish lctalurus catus 

116 Brown bullhead lctalurus nebulosus 

108 Go 1 den sh i n e r Notemigonus crysoleucas 

110 Spottai 1 shiner Notropis hudsonius 

060 American eel Anguilla ros t rat a 

051 Gizzard shad Dorosoma cepedianum 140-199 l ,728 0 

275 Threadfin shad Dorosoma.petenense 

026 Alewife Alosa pseudoha rengus 100-119 432 0 

027 Blueback herring Alosa aest i va 1 is 60-79 9,072 144 

0'17 Atlantic menhaden Brevoortia tyrannus 

103 Bay anchovy Anchoa mi tch i 11 i 

149 Tidewater si lverside Menidia beryl I ina .~o ·Atlantic si lverside Menidia menidia 

35 Pumokinseed Lepomis qibbosus 

032 White perch Marone americana 120-11q 3,312 n 

033 Spot Leiostomus xanthurus 

005 Atlantic croaker Micropogon undulatus 

151 Hog choker Trinectes maculatus 

122 Mummichog Fundulus heteroclitus 60-79 288 0 

R - 9/75 3,6-8 TOTAL 14,832 144 



SURRY POWER STATION 
LOW LEVEL WEEKLY REPORT 

Ave. No. Circ. Pumps: 

Temperature Min- Max: 

Salinity Min - Max: 

7 ~·: 
8.0-ll.2 

0.0 - 0.2 eek Of March 19 Through March 25, 1978 Survival Percentage: 99.6 % 

* 7 pumps with l screen operating 
VIMS 
rnni: COMMON NAME SCIENTIFIC NAME MODAL SIZE (mm) AL I VE DEAD 

040 Channel catfish lctalurus punctatus 

039 White catfish lctalurus catus 

116 Brown bullhead lctalurus nebulosus 

108 Golden shiner Notemigonus crysoleucas 

110 Spot tai l shiner Notropis hudsonius 

060 American eel Anquilla rostrata 

051 Gizzard shad Do.rosoma ceoedianum 120-119. 100-399 576 0 

275 Threadfin shad Dorosoma petenense 

026 Alewife Alosa pseudoha rengus l 00-119. 120-1.39 288 0 

027 81 ueback herrinq Alosa aestival is 60-79 33,840 a 

017 Atlantic menhaden B revoo rt i a ty ran nus 

103 Bay anchovy Anchoa mi tch i 11 i 

149 Tidewater silverside Menidia beryl 1 i na 

so Atlantic si lverside Menidia menidia 80-99 238 a 
135 Pumokinseed Lepomis gibbosus 

032 White perch Marone americana 80-qq 3,312 144 

033 Spot Leiostomus xanthurus 

005 Atlantic croaker Micropogon undulatus 

151 Hog choker Trinectes maculatus 

107 Sil very minnow Hybognathus nucha l is l 00-119 288 () 

122 Mummichog Fundulus heteroclitus 60-79 3,456 a 

R - 9/75 3, 6-9 TOTAL 42,048 144 



SURRY POWER STATION 
LOW LEVEL WEEKLY REPORT 

Ave. No. Circ. Pumps: 
Temperature Min- Max: 

Salinity Min - Max: 

5 '~ 
10.2 - 13.5 

o.o - 0.4 ----
.k Of March 26 Through· Apr,il 1, 1978 Survival Percentage: 98 % 

* 5 pumps with 1 screen operating 
VIMS 

(mm) rnoF COMMON NAME SCIENTIFIC NAME MODAL SIZE ALIVE DEAD 

040 Channel catfish I eta 1 u rus punctatus 

039 White catfish I cfal urus catus 

116 Brewn bu 11 head lctalurus nebulosus 

108 Golden shiner Notemigonus crysoleucas 60-79. 432 0 

110 Spottai 1 shiner Notropis hudsonius 80-99 144 0 

060 American eel Anguilla ros t rat a 

051 Gizzard shad Dorosoma ceoedianum 140-199 576 0 
275 Threadfin shad Dorosoma petenense 

026 Alewife Alosa pseudoharengus 80-99, 100-119 432 0 

027 B 1 ueback herrino Alosa aestival is 80-99 9,594. 0 
037 Atlantic menhaden Brevoortia tyrannus 140-]qq 576 " 
103 Bay anchovy Anchoa mitchill i 

149 Tidewater silverside Men id i a bery 11 i na 

-o Atlantic si lverside Menidia menidia 100-119 288 0 

135 Pumokinseed Lepomis gibbosus 120-139.140,-]99 576 288 

032 White perch Marone americana 60-79. 30-99 864 0 

033 Spot Leiostomus xanthurus 

005 Atlantic croaker Micropogon undulatus 

151 Hog choker Trinectes maculatus 

122 Mummichog Fundulus heterocl itus 60-79 2,736 0 
137 Largemouth bass Micropterus salmoides 100-39q 288 0 
142 Ye 1 low perch Perea flavescens 100-119 144 0 

031 Striped bass Marone saxatilis 80-99 144 0 

3,6-10 
TOTAL 

16,704 288 
R - 9/75 



SURRY POWER STATION' 
LOW LEVEL WEEKLY REPORT. 

.k Of April 2 

VIMS 
rnni: COMMON NAME 

040 Channel catfish 

039 White catfish 

116 Brown bullhead 

108 Golden shiner 

110 Spottai 1 shiner 

060 American eel 

051 Gizzard shad 

275 Threadfin shad 

026 Alewife 

027 Blueback herrinq 

0<.7 Atlantic menhaden 

103 Bay anchovy 

Through 

149 Tidewater silverside 

-o Atlantic silverside 

135 Pumokinseed 

032 White perch 

033 Spot 

005 Atlantic croaker 

151 Hog choker 
122 Mummichog 

n8 Black crappie 

R - 9/75 

Ave. No. Circ. Pumps: 5 -!: 

Temperature Min.- Max: __ 1_.2_·_8 - 14 • 7 
Salinity Min-Max: O.O - o.o 

Apri 1 8, 1978 Survival Percentage= I 00 % 

SCIENTIFIC NAME MODAL SIZE (mm) AL I VE DEAD 

lctalurus punctatus 

lctalurus cat us 

I eta 1 urus nebulosus 

Notemigonus crysoleucas 

Notropis hudsonius 80-99, 100-119 864 0 

Anqu i 11 a ros t rat a 

Dorosoma ceoedianum 
Dorosoma petenense 

Alosa pseudoha rengus 

Alosa aestival is 80-99 5,040 0 

Brevoortia tyrannus 60-79, 120-139 288 0 

Anchoa mi tch i 11 i 

Menidia beryl I ina 60-79 288 0 

Men i.di a menidia 

Lepomis gibbosus 100-119, 140-199 288 0 

Mo rone ame r i can a 80-99 2,880 0 

Leiostomus xanthurus 

Micropogon undulatus 4o-.i;q 288 n 
Trinectes maculatus 60-79, 80-99 2,448 0 
Fundulus heterocl itus 40-59 <,;456 0 

Pomoxis niaromaculatus 200-2gg 144 0 

-

3.6-ll TOTAL 15,984 0 



SURRY POWER STATION 
LOW LEVEL WEEKLY REPORT 

Apr i 1 9 

VIMS 
rnnF COMMON NAME 

040 Channel catfish 

039 White catfish 

116 Brown bu 11 head 

Through April 15, 1978 

SCIENTIFIC NAME 

lctalurus punctatus 

lctalurus cat us 

lctalurus nebulosus 

Ave. No. Circ. Pumps: 
8 * 

Temperature Min- Max: ---- __ 15. 1 - 16.9 

Salinity Min - Max: o.o - 0.2 

Survival Percentage: 99 o/o 

* 8 pumps with 4 screens operating 

MODAL SIZE (mm) ALIVE . DEAD 

140-199 576 0 

140-199 288 0 

108 Go 1 den s h i n e r Notemigonus crysoleucas 

110 Spottai 1 shiner Notropis hudsonius 80-g9 144 0 

060 American eel Anquilla ros t rat a 200-299 144 0 

051 Gizzard shad Dorosoma ceoedianum 140-199, 1.00-499 576 0 
275 Threadfin shad Dorosoma petenense 

026 Alewife Alosa pseudoharengus 200-299 720 0 

027 Blueback he rri nq Alosa aestival is 60-79 4,032 0 

037 Atlantic menhaden Brevoortia tvrannus 140-199 4,464 0 

103 Bay anchovy Anchoa mitchi 11 i 60-79 432 432 

149 Tidewater si lverside Menidia beryl] i.na .-o Atlantic si lverside Menidia menidia 

;5 Pumpkinseed Lepomis qibbosus 100-119, 140-199 1,008 0 

032 White perch Mo rone ame r i can a 80-99 7,920 0 

033 Spot Leiostomus xanthurus 100-119 8,784 0 

005 Atlantic croaker Micropogon undulatus 

151 Hog choker Trinectes maculatus 60-79 2,304 0 
122 Mummichog Fundulus heterocl itus 60-79 2.592 0 
136 Bl ueg i 11 Lepomis macrochirus 200-299 288 0 

R - 9/75 3 .6-12 TOTAL 34,272 432 



SURRY POWER STATION 
LOW LEVEL WEEKLY REPORT 

ek Of April 16 

VIMS 
rnnF COMMON NAME 

040 Channel catfish 

039 White catfish 

116 Brown bullhead 

Through April 22, 1978 

SCIENTIFIC NAME 

lctalurus punctatus 

lctalurus catus 

lctalurus nebulosus 

Ave. No. Circ. Pumps: 

Temperature Min- Max: 

Salinity Min - Max: 

Survival Percentage: 

8 ,': 

13.9 - 14.9 

1.6 - 3.3 ---
96 % 

* 8 pumps with 6 screens operating 

MODAL SIZE (mm) AL I VE DEAD 

108 Golden shiner Notemigonus crysoleucas 60-79 144 0 

110 Spottai l shiner Notropis hudsonius 80-99 720 0 

060 American eel Anguilla ros t rat a 200-299,300-399 432 0 

051 Gizzard shad Dorosoma cepedianum 140-Jqq 144 144 

275 Threadfin shad Dorosoma petenense 

026 Alewife Alosa pseudoha rengus 
200-299 1,584 0 

027 Blueback herrinq Alosa aest i va Ii s 200-299 4,608 288 

037 Atlantic menhaden B revoo rt i a ty ran nus 100-119 9,936 0 

103 Bay anchovy Anchoa mitchilli 60-79 38,016 2,880 

149 Tidewater si lverside Menidia bery 11 i na 40-59 ·432 288 

-0 
Atlantic silverside Menidia menidia 

35 Pumpkinseed Lepomis qibbosus 120-139 432 0 

032 White perch Marone americana 80-99 14,544 0 

033 Spot Leiostomus xanthurus 100-119 9,936 0 

005 At 1 antic croaker Micropogon undulatus 

151 Hog choker Trinectes maculatus 60-79 4,464 n 
122 Mummichog Fundulus heteroclitus 40-59 288 0 

148 Rough silverside Membras martinica 100-119 288 0 
031 Striped bass Marone saxatilis 120-139 288 0 

R - 9/75 3,6-13 TOTAL 
86,256 3,600 



SURRY POWER STATION 
LOW LEVEL WEEKLY REPORT 

Ave. No. Circ. Pumps: 

Temperature Min- Max: 

Salinity Min - Max: 

tltek Of April 23, 1978 Through April 29, 1978 Survival Percentage: 

VIMS 
(mm) rnni= COMMON NAME SCIENTIFIC NAME MODAL SIZE 

040 Channel catfish lctalurus punctatus 

039 White catfish lctalurus cat us 

116 Brown bu 11 head lctalurus nebulosus 140-199 

108 Golden shiner Notemigonus crysoleucas 

110 Spottai 1 shiner Notrop is hudsonius 

060 American eel Angu i 11 a ros t rat a 200-299 

051 Gizzard shad Dorosoma cepedianum 200-299 
275 Threadfin shad Dorosoma petenense 

026 Alewife Alosa pseudoharengus 100-119 

027 Blueback herring Alosa aestival is 200-299 
037 Atlantic menhaden B revoo rt i a ty ran nus 80-99 

103 Bay anchovy Anchoa mitchilli 60-79 

149 Tidewater silverside Menidia beryl l i na 60-79 .~o Atlantic silverside Menidia menidia 80-99 

35 Pumpkinseed Lepomis qibbosus 140-199 

032 White perch Marone americana 80-99 
033 Spot Leiostomus xanthurus 100-119 

005 Atlantic croaker Micropogon undulatus 

151 Hog choker Trinectes maculatus 60-79 
052 Carp Cyprinus carpio 200-299,300-399 
122 Mummic.hog Funrl.ulus heteroclitus 40-59,60-79 

031 Stri:eed bass Marone saxatilis 100-119 

007 Weakfish Cynoscion r8galis 140-199 

R - 9/75 3,6-14 TOTAL 

5 
10.6 - 15.6 

2.-7 - 7.0 ---
81 % 

ALIVE DEAD 

lhL. 0 

720 0 

432 0 

720 0 

5,904 288 
9,216 864 

26,640 15,552 

288 0 

uJ2 0 

576 0 

19.584 0 

6,624 0 

86h 0 
288 0 

576 0 

288 0 

14h 0 

73,hhO 16,704 



SURRY POWER STATION 
LOW LEVEL WEEKLY REPORT 

~k Of Apr:l 30 Through May 6, 1978 

VIMS 
rnf)F COMMON NAME SCIENTIFIC NAME 

040 Channel catfish lctalurus punctatus 

039 White catfish lctalurus catus 

116 Brown bullhead lctalurus nebulosus 

108 Go I den sh i n er Notemigonus crysoleucas 

110 Spottail shiner Notropis hudsonius 

060 American eel Anquilla ros t rat a 

051 Gizzard shad Dorosoma ceoedianum 

275 Threadfin shad Dorosoma petenense 

026 Alewife Alosa pseudoha rengus 

027 Blueback herrinq Alosa aest i va 1 is 

037 Atlantic menhaden Brevoortia ty ran nus 

103 Bay anchovy Anchoa mi tch i 11 i 

149 Tidewater silverside Menidia bery 11 i na 

.0 
Atlantic si lverside Menidia menidia 

,35 Pumpk i nseed Lepomis gibbosus 

032 White perch Marone americana 

033 Spot Leiostomus xanthurus 

005 Atlantic croaker Micropogon undulatus 

151 Hog choker Tri nectes maculatus 

030 American shad Alosa sapidissima 

122 Mummichog Funrl.ulus heteroclitus 

188 Redbreast sunfish Lepo mis e.11ri tus 

031 Striped bass Marone saxatilis 

R - 9/75 3.6-15 

Ave. No. Circ. Pumps: 

Temperature Min- Max: 

Salinity Min - Max: 

Survival Percentage: 

MODAL SIZE (mm) 

120-139,200-299 

200-299 

200-299 

lh0-199 

80-99,lh0-199 

80-99,120-139 

l,0-59 

lh0-199 

80-99 

100-119 

60-79 

120-139 

60-79 

120-139, ll.10-199 

200-299 

TOTAL 

5 
lJ.h - 15.6 

o.o - o.8 ----
_ _.9'-'9____ 0/o 

ALIVE DEAD 

576 0 

lhh 0 

1,531.t 0 

li32 0 

h32 0 

3.024 0 

2,hL.8 lhL. 

576 0 

7.776 lhh 

9.072 lhh 

2,30h 0 

288 0 

288 0 

I. 1 ') ('. ~..,,, ..... \J 

288 0 

29,66h 432 



SURRY POWER STATION 
LOW LEVEL WEEKLY REPORT 

Ave. No. Circ. Pumps: 

Temperature Min- Max: 

Salinity Min - Max: 

Through May 13, 1973 Survival Percentage: 

VIMS 
rnni: COMMON NAME SCIENTIFIC NAME MODAL SIZE (mm) 

040 Channel catfish lctalurus punctatus 200-299 

039 White catfish I eta l urus catus 

116 Brown bullhead lctalurus nebulosus 

108 Golden shiner Notemigonus crysoleucas 

110 Spottai I shiner Notropis hudsonius 

060 American eel Anguilla ros t rat a 400-h99 

051 Gizzard shad Dorosoma cepedianum 

275 Threadfin shad Dorosoma petenense 

026 Alewife Alosa pseudoha rengus 

027 Blueback herrino Alosa aestival is 200-299 

037 Atlantic menhaden Brevoortia ty ran nus 80-99 

103 Bay anchovy Anchoa mi tch i 11 i 

149 Tidewater silverside Menidia beryl 1 i na 

~o 
Atlantic silverside Menidia menidia 

5 Pumpkinseed Lepomis qibbosus 120-139 

032 White perch Marone americana 80-99 

033 Spot Leiostomus xanthurus 100-119 

005 Atlantic croaker Micropogon undulatus 120-139 

151 Hog choker Tri nectes maculatus 60-79 

122 Mummichog Fundulus heteroclit~s 60-79 
lL.8 Rough. silverside Membras .... mar c.1.n1.ca lOC-119 

136 Bluegill Lepomis macrochirus 80-99 
031 Stri~ed bass l1orone saxa tilis 100-119.120-139 

R - 9/75 
3,6, 16 TOTAL 

5 
lh.O - 18.3 

o.o - 0.1 ----
___ 9 __ 7 __ O/o 

ALI VE DEAD 

288 0 

720 0 

lh4 0 

864 288 

..,~/"\ 
( ~'.J 0 

L.,176 144 
6,624 0 

1Ld1 0 

l,hL.o 0 

lU.i 0 

288 0 

L.32 0 

h32 0 

16,Li16 432 



SURRY POWER STATION 
LOW LEVEL WEEKLY REPORT 

Ave. No. Circ. Pumps: 
Temperature Min-Max: 

Salinity Min-Max: 
Through May 20, 1978 Survival Percentage: 

VIMS 
(mm) r.nni: COMMON NAME SCIENTIFIC NAME MODAL SIZE 

040 Channel catfish lctalurus punctatus 200-299 

039 White catfish lctalurus catus 200-299 

116 Brown bul ]head I eta l urus nebulosus 80-99 

108 Golden shiner Notemigonus crysoleucas 

110 Spottai l shiner Notropis hudsonius 80-99 
060 American eel Anguilla ros t rat a 200-299 

051 Gizzard shad Dorosoma cepedianum 

275 Threadfin shad Dorosoma petenense 

026 Alewife Alosa pseudoha rengus 200-299 

027 Blueback herring Alosa aestival is 

037 Atlantic menhaden Brevoortia tyrannus = 120-139 

103 Bay anchovy Anchoa mitchilli 

149 Tidewater silverside Menidia beryl l i na 

ti/ Atlantic silverside Menidia menidia 

5 Pumpkinseed Lepomis qibbosus 120-139,lL.0-199 

032 White perch Mo rone ame r i can a 80-99 

033 Spot Leiostomus xanthurus . 120-139 

005 Atlantic c:roake r Micropogon undulatus 80-99 

15i Hog choker Trinectes maculatus L.0-59 
122 :Mummichog Fundulus heteroclitus 80-99 

136 Bluegill Lepomis macrochirus 120-139 

137 La~gemotith bass Micropterus salmoides J00-399 

\ 

-, 

• 
R - 9/75 3,6-17 TOTAL 

5 
17.6 - 21.3 
o.o - 0.1 

99 O/o 

ALIVE DEAD 

L.32 0 

288 0 

238 0 

ll.d.1 0 
1,008 0 

14L. 0 

2.~92 0 

1,58h 0 

2.301.i 0 

J,168 2es 

iuu 0 

Jl.i.212 288 

288 0 

1.008 0 

288 0 

l.i?,952 576 



SURRY POWER STATION 
LOW LEVEL WEEKLY REPORT 

Ave. No. Circ. Pumps: 

Temperature Min- Max: 

Salinity Min - Mcix: 

Survival Percentage: ~k Of May 21 Through May 27, 1978 

VIMS 
rnnF COMMON NAME SCIENTIFIC NAME MODAL SIZE (mm) 

040 Channel catfish lctalurus punctatus 200-299 

039 White catfish lctalurus catus lh0-199,200-299 

116 Brown bu 11 head lctalurus nebulosus 

108 Golden shiner Notemigonus crysoleucas 

110 Spottai 1 shiner Notropis hudsonius 

060 American eel Anguilla ros t rat a 200-299 

051 Gizzard shad Dorosoma ceoedianum J00-399 

275 Threadfin shad Dorosoma petenense 

026 Alewife Alosa pseudoha rengus 

027 B 1 ueback herrinq Alosa aest i va Ii s 200-299 

037 Atlantic menhaden Brevoort i a tyrannus h0-59 
103 Bay anchovy Anchoa mitchilli 60-79 

149 Tidewater silverside Menidia bery.11 i na .-o Atlantic silverside Menidia menidia 

;5 Pumpkinseed Lepomis gibbosus 

032 White perch Marone americana 80-99 

033 Spot Leiostomus xanthurus 120-139 

005 Atlantic croaker Micropogon undulatus 

151 Hog choker Trinectes maculatus h0-59 
122 Mu..Tu"llichog Fundulus heteroclitus 40-59,60-79 

138 Redbreast surifish Lepomis auritus lh0-199 

136 Bluegill Lepomis macrochirus h0-59,100-119 

031 Striped bass Morone saxatilis 200-299 

R - 9/75 
3,6-18 

TOTAL 

5 
20.7 - 22.9 
0.1 - 0.4 

_.._9_6 __ 0/ 0 

ALIVE DEAD 

720 0 

288 0 

1.872 0 

lh4 0 

2,~8 0 

3.168 h32 

11.i.h 0 

3.L.56 0 

7,632 S76 

3.888 0 

432 0 

h32 0 

h32' 0 

lhh 0 

23,040 1,008 



SURRY POWER STATION 
LOW LEVEL WEEKLY REPORT 

Ave. No. Circ. Pumps: . 

Temperature Min- Max: 

Salinity Min - Max: 

Through June J, 1978 Survival Percentage: 

VIMS 
(mm) rnni: COMMON NAME SCIENTIFIC NAME MODAL SIZE 

040 Channel catfish I ctal urus punctatus 200-299 

039 White catfish lctalurus catus 

116 Brown bu 11 head lctalurus nebulosus 

108 Golden shiner Notemigonus cryso leucas 

110 Spottail shiner Notropis hudsonius 

060 American eel Anguilla rest rat a 200-299 

051 Gizzard shad Dorosoma cepedianum 200-299 

275 Threadfin shad Dorosoma petenense 

026 Alewife Alosa pseudoha rengus 

027 Blueback herrinq Alosa aestival is 

017 Atlantic menhaden Brevoortia tyrannus 100-119 

103 Bay anchovy Anchoa mi tch i 11 i 60-79 

149 Tidewater silverside Menidia bery 11 i na -~o Atlantic silverside Menidia menidia 

35 Pumokinseed Leoomis qibbosus lhC-199 

032 White perch Merone americana 100-119 

033 Spot Leiostomus xanthurus 1.i0-59 
005 Atlantic croaker Micropogon undulatus 

151 Hog choker Trinectes maculatus )~0-59 
148 Rough silverside Membras martinica 60-79 

OJl Striped bass :Marone saxatilis lh0-199 

co3 Summer flounder Paralichthys dentatus 20-39 

R - 9/75 3,6-19 TOTAL 

4 
22.7 - 2J.6 
0.6 - l.C ----

__ 9_1 __ 010 

AL I VE DEAD 

l,L.l.tC 0 

1,296 0 

432 r, 
V 

h,896 864 

432 ·O 

25S 0 

2,880 0 

18,000 2.448 

7.776 lhh 

0 lhh 

h32 0 

288 0 

38,160 3,600 



SURRY POWER STATION 
LOW LEVEL WEEKLY REPORT 

~k Of June 4 Through 

VIMS 
rnnF COMMON NAME 

040 Channel catfish 

039 White catfish 

116 Brown bul ]head 

108 Go I den sh i n e r 

110 Spottai I shiner 

060 American eel 

051 Gizzard shad 

275 Threadfin shad 

026 Alewife 

027 Blueback he rri nq 

037 Atlantic menhaden . 

103 Bay anchovy 

149 Tidewater silverside .-o Atlantic silverside 
·;5 Pumpkinseed 

032 White perch 

033 Spot 

005 Atlantic croaker 

151 Hog choker 

031 Striped Bass 

R - 9/75 

Ave. No. Circ. Pumps: 

Temperature Min - Max: 

Salinity Min - Max: 

June 10, 1978 Survival Percentage: 

SCIENTIFIC NAME MODAL SIZE (mm) 

lctalutus punctatus 200-299 

lctalurus catus 140-199 

lctalurus nebulosus 

Notemigonus crysoleucas 

Notropis hudson i us 

Angu i 11 a ros t rat a 200-299 

Dorosoma ceoedianum 140-199 
Dorosoma petenense 

Alosa pseudoharengus 

Alosa aestival is 

Brevoortia tvrannus l 00-119 

Anchoa mitchilli 60-79 

Men id i a bery 11 i na 

Menidia menidia 

Lepomis gibbosus 

Mo rone ame r i can a 140-199 

Leiostomus xanthurus 40-59 

Micropogon undu I atus · 80-99 

Trinectes maculatus 40-59 

Morone saxatilis 20-39, 140-199 

3 ,6-20 TOTAL 

5 
2].9 - 25o5 

0.9 - l.3 

96 % 

ALIVE DEAD 

l ,296 0 

432 0 

864 0 

144 0 

23,040 l .584 

1,440 720 

4,320 0 

36,288 720 

144 0 

4,752 0 
l, 008 0 

73,728 3,024 



SURRY POWER STATION 
LOW LEVEL WEEKLY REPORT 

Ave. No. Circ. Pumps: 

Temperature Min-Max: 

Salinity Min-Max: 

-k Of June l l. Through June 17, 1978 Survival Percentage: 

VIMS 
rnbE COMMON NAME SCIENTIFIC NAME MODAL.SIZE (mm) 

040 . Channe I catfish lctalurus punctatus 200-299. 300~399 

039 White catfish I.eta I urus catus 140-199 

116 Brown bu 11 head lctalurus nebulosus 200-299 
108 Golden shiner Notemigbnus crysoleucas 

110 Spottail shiner Notropis hudsonius 

060 American eel Anquilla rest rat a 200:-299 

051 Gizzard shad Dorosoma. ceoedianum 
275 Threadfin shad Dorosoma petenense 

026 Alewife Alosa pseudoharengus 200-299 

027 Blueback herrinq Alosa aestival is 300-399 
o·n Atlantic menhaden Brevoortia tyrannus 100-119 

103 Bay anchovy Anchoa mi tch i 11 i 60-79 

149 Tidewater silverside Menidia beryl Ii na 

150 Atlantic silverside Menidia menidia 

-35 Pumokinseed Lepomis gibbosus 

032 White perch Mo rone ame r i can a 100-119 

033 Spot Leiostomus xanthurus 60-79 

005 Atlantic croaker Micropogon undulatus 

151 Hog choker Trinectes maculatus 40-59 
052 Carp Cyprlnus carpia 120-139 
009 Bluefish Pomatomus saltatrix 200-299 

031 Striped bass Marone saxatilis 40-59, 120-139 

• 
R - 9/75 

3. 6-21 
TOTAL 

5 
21. 9 - 25.2 

l.O - 2.4 

96 O/o 

ALIVE DEAD 
864 144 
864 0 

144 0 
-

432 a 

144 0 
144 0 

.28, 368 I 728 
576 144 

" 

1.872 0 

40,896 1 • 7.28 

27_q% a 
J 1+4 a 
144 0 

432 288 

102,960 4,032 



SURRY POWER STATION 
LOW LEVEL WEEKLY REPORT 

Ave. No. Circ. Pumps: 

Temperature Min-Max: 

Salinity Min-Max: 

Through June 24, 1978 Survival Percentage: 

VIMS 
r.nni= COMMON NAME SCIENTIFIC NAME MODAL SIZE (mm) 

040 Channel catfish lctalurus punctatus 400-499 

039 White catfish lctalurus cat us 

116 Brown bullhead lctalurus nebulosus 

108 Golden shiner Notemigonus crysoleucas 

110 Spot ta i 1 shiner Notropis hudson i us · 

060 American eel Angu i 11 a rest rat a 200-299 

051 Gizzard shad Doro soma ceoedianum 

275 Threadfin shad Dorosoma petenense 

026 Alewife Alosa pseudoha rengus 

027 Blueback herrino Alosa aestival is 

037 Atlantic menhaden Brevoortia tyrannus 100:- 119 

103 Bay anchovy Anchoa mi tch i 11 i 60--79 

149 Tidewater silverside Menidia bery 11 i na 

ISO Atlantic si lverside Menidia menidia .5 Pumpkinseed Lepomis qibbosus 120-139 

032 White perch Merone americana 100-119 

033 Spot Leiostomus xanthurus 120-139 

005 Atlantic croaker Micropogon undulatus 

151 Hog choker Trinectes maculatus 40-59 
052 Carp Cyprinus carpio 140-199 

009 Bluefish Pomatomus saltatrix 60-79 

136 B 1 ueg i 11 Lepomis macrochirus 100-119 

031 Striped bass Merone saxatilis 40-59 

003 Summer flounder Paralichthys dentatus 200-299 

• 
R - 9/75 

3,6-22 
TOTAL 

5 
24.8 - 26.1 
3.0 4:2 

95 O/o 

AL I VE DEAD 

144 0 

1 , 152 0 

25,632 1, 140 

1,008 864 

288 0 

4,032 0 

50, 112 2, 160 

7 o?n r::.16 

432 144 

432 144 
144 0 

1,584 . 0 

288 0 

93,168 5,328 



SURRY POWER STATION 
LOW LEVEL WEEKLY REPORT 

Ave. No. Circ. Pumps: 

Temperature Min-Max: 

Salinity Min-Max: 

-k Of June 25 Through July l, 1978 Survival Percentage: 

VIMS 
(mm) r-nni:- COMMON NAME SCIENTIFIC NAME MODAL SIZE 

040 Channel catfish lctalurus punctatus 200-299 

039 White catfish lctalurus catus 

116 Brown bullhead lctalurus nebulosus 

108 Golden shiner Notemigonus crysoleucas 

110 Spottai 1 shiner Notropis hudsonius 

060 American eel Anquilla ros t rat a 200-299 

051 Gizzard shad Dorosoma ceoedianum 

275 Threadfin shad Dorosoma petenense 

026 Alewife Alosa pseudoha ren gus 

027 Blueback he rri nq Alosa aestival is 

0'37 Atlantic menhaden Brevoortia tyrannus 100-119 

103 Bay anchovy Anchoa mi tch i 11 i 60-79 

149 Tidewater silverside Menidia bery 11 i na 

150 Atlantic silverside Menidia menidia 

.35 Pumokinseed Lepomis gibbosus 

032 White perch Marone americana 120-139 

033 Spot Leiostomus xanthurus 60-79 

005 Atlantic croaker Micropogon undulatus 100-119,140-199 

151 Hog choker Trinectes maculatus 40-59 
122 Mummichog Fundulus heteroclitus 80-99 

• 
R - 9/75 3.6-23 TOTAL 

' 

5 
25.0 - 26.8 

3.4 - 3.9 
95 o/o 

ALIVE DEAD 

288 0 

576 0 

20,592 1,584 

2,016 720 

3,024 0 
56,736 3,024 

720 0 

33~408 432 

144 0 

117,504 5,760 



SURRY POWER STAT I ON 
LOW LEVEL WEEKLY REPORT 

Ave. No. Circ. Pumps: 
Temperature Min- Max: 

Salinity Min - Max: 

July 2 ThroughJuly 8, 1978 Survival Percentage: 

VIMS 
(mm) r.ODF COMMON NAME SCIENTIFIC NAME MODAL SIZE 

040 Channel catfish lctalurus punctatus 200-299 

039 White catfish I eta 1 urus catus 40-59,140-199 
116 Brown bu 11 head lctalurus nebulosus 40-59 

108 Golden shiner Notemigonus crysoleucas 100-119 

110 Spottai 1 shiner Notropis hudsonius 

060 American eel Anguilla ros t rat a 200-299 

051 Gizzard shad Do ro'soma ceoedianum 300-399 
275 Threadfin shad Dorosoma petenense 

026 Alewife Alosa pseudoharengus 60-79 

027 Blueback he rri no Alosa aestival is 

037 Atlantic menhaden Brevoortia tvrannus 100-119 

103 Bay anchovy Anchoa mi'tch i 11 i 60-79 

149 Tidewater silverside Menidia beryllina 

-0 
Atlantic silverside Menidia menidia 

5 Pumpkinseed Lepomis qibbosus 

032 White perch Mo rone ame r i can a 40-59,120-139 

033 Spot Leiostomus xanthurus 60--79 

005 Atlantic croaker Micropogon undulatus 

151 Hog choker Tri nectes maculatus 40-59 
009. Bluefish Pomatomus saltatrix 200-299 
031 Striped bass Morone saxatilis 40-59 

R - 9/75 
3.6-24 TOTAL 

6 

24.3 - 25.4 

5.2 - 6.4 ---
97. % 

ALIVE DEAD 

576 0 

1,440 0 
288 0 

288 0 

1. 440 0 

144 0 

1,008 0 

2·1, 744 720 

288 288 

2,448 0 

63,072 2.016 

8,928 576 

576 0 

288 0 

105,528 3,600 



SURRY POWER STATION 
LOW LEVEL WEEKLY REPORT 

Ave. No. Circ. Pumps: 

Temperature Min- Max: 

~k Of July 9 Through July 15 

Salinity Min - Max: 

Survival Percentage: 

VIMS 
(mm) rnnF COMMON NAME SCIENTIFIC NAME MODAL SIZE 

040 Channel catfish lctalurus punctatus 200-299 

039 White catfish lctalurus catus 200-299 

116 Brown bul !head lctalurus nebulosus 40-59 
108 Golden shiner Notemigonus crysoleucas 

110 Spottai 1 shiner Notropis hudsonius 

060 American eel Angu i 11 a ros t rat a 200-299 

051 Gizzard shad Dorosoma ceoedianum 

275 Threadfin shad Dorosoma petenense 

026 Alewife Alosa pseudoha ren gus 60-79 

027 B 1 ueback herrinq Alosa aest i va Ii s 

037 Atlantic menhaden Brevoortia tyrannus l 00-119 

103 Bay anchovy Anchoa mi tch i 11 i 60-79 

149 Tidewater silverside Menidia bery 11 i na 

.0 
Atlantic silverside Menidia menidia 

35 Pumpkinseed Lepomis gibbosus 

032 White perch Marone americana 120-ng 

033 Spot Leiostomus xanthurus 80-qq 

005 Atlantic croaker Micropogon undulatus 100-119 

151 Hog choker Trinectes maculatus 4o-sg 
052 Carp Cyprinus carpio 300-399 
009 Bluefish Pomatomus saltatrix 100-119 

007 Weakfish Cynoscion regal is 40-59 

R - 9/75 3. 6-25 TOTAL 

5 
23.7 - 27.1 

4.4 - 5.9 

98 % 

ALIVE DEAD 

no 0 

864 0 

14.400 0 

720 0 

144 0 

49.536 720 

432 720 

qh 0 

q4 ~20 864 

144 0 

4 7S2 288 

144 0 

144 0 

144 0 

167,040 2,592 



SURRY POWER STATION 
LOW LEVEL WEEKLY REPORT 

July 16 Through 

VIMS 
rnoi= COMMON NAME 

040 Channel catfish 

039 White catfish 

116 Brown bul ]head 

108 Golden shiner 

110 Spottai I shiner 

060 American eel 

051 Gizzard shad 

275 Threadfin shad 

026 Alewife 

027 Blueback herrinq 

017 Atlantic menhaden 

103 Bay anchovy 

149 Tidewater silverside 

.0 
Atlantic silverside 

35 Pumokinseed 

032 White perch 

033 Spot 

005 Atlantic croaker 

151 Hog choker 

148 Rough silverside 

031 S.triped bass 

007 Weakfish 

00~ S11mm<>r fln11nriPr 

R - 9/75 

Ave. No. Circ. Pumps: 
Temperature Min- Max: 

Salinity Min - Max: 

July 22, 1978 Survival Percentage: 

SCIENTIFIC NAME MODAL SIZE (mm) 

lctalurus punctatus 

I eta l urus cat us 200-299 

lctalurus nebulosus 40-59 

Notemigonus crysoleucas 

Notropis hudsonius 

Anquilla ros t rat a 200-299 

Dorosoma ceoedianum 
Dorosoma petenense 

Alosa pseudoharengus 

Alosa aestival is 

B revoo rt i a ty rann us 100-119 
Anchoa mi tch i 11 i 60-79 

Menidia beryl Ii na 

Menidia menidia 

Lepomis gibbosus 

Mo rone ame r i can a 40-59 

Leiostomus xanthurus 60::.79. 

Micropogon undulatus 

Trinectes maculatus 40-59 
Membras martinica 4o-sq 

Marone saxatilis ··4o-sq 

Cvnoscion reaalis 140-199 

Paralichthvs dentatus 200-299 

3 .6-26 TOTAL 

5 
26.0 - 27.2 

5.3 - 7.4 
_ _.9...,5 _____ 0/o 

ALIVE DEAD 

288 0 

l ,584 0 

288 0 

3 024 0 
288 288 

l, 152 0 

1~ .6% 2 1/;0 

720 0 

144 (J 

864 0 

144 0 
288 0 

42,480 2,448 



SURRY POWER STATION 
LOW LEVEL WEEKLY REPORT 

Ave. No. Circ. Pumps: 

Temperature Min- Max: 

Salinity Min - Max: 

.. k Of July·23 Through July 29, 1978 Survival Percentage: 

VIMS 
(mm) rnni= COMMON NAME SCIENTIFIC NAME MODAL SIZE 

040 Channel catfish lctalurus punctatus 

039 White catfish lctalurus cat us 200-299 

116 Brown bullhead lctalurus nebulas us 40-59 

108. Golden shiner Notemigonus crysoleucas 

110 Spot ta i 1 shiner Notropis hudsonius 

060 American eel Anquilla ros t rat a 200-299 

051 Gizzard shad Dorosoma ceoedianum 
275 Threadfin shad Dorosoma petenense 

026 Alewife Alosa pseudoha rengus 60-79 

027 81 ueback. he rri nq Alosa aest i va 1 is 

0~7 Atlantic menhaden Brevoortia tyrannus 120-J~q 

103 Bay anchovy Anchoa mitchill i 60-79 

149 Tidewater silverside Menidia beryl l i na 

-o Atlantic si lverside Menidia menidia 

135 Pumokinseed Lepomis gibbosus 

032 White perch Marone americana 40-59 

033 Spot Leiostomus xanthurus 80-99 

005 Atlantic croaker Micropogon undulatus 80-99 

151 Hog choker Tri nectes maculatus 40-59 

009 Bluefish Pomatomus saltatrix 140-lqq 

0~ 1 Strinorl h.:ic:.c:: Marone c~v~Tilic 40-59.60-7g 

007 Weakfish Cynoscion reqalis '40-59 

R - 9/75 
3. 6-27 TOTAL 

6 
27.8 - 30.4 

$.$ - 6.9 

99 % 

ALIVE DEAD 

144 0 

16,992 288 

720 0 

288 0 

8 708 ?!18 

3.024 288 

3.744 0 

68,256 864 

144 0 

1,296 0 

l hh n 

S76 0 

l .008 0 

104,544 l, 728 



SURRY POWER STATION 
LOW LEVEL WEEKLY REPORT 

Ave. No; Circ. Pumps: 

Temperature Min- Max: 

Salinity Min - Max: 

-k Of July 30 Th rough Aug. 5, 1978 Survival Percentage: 

VIMS 
r.nni= COMMON NAME SCIENTIFIC NAME MODAL SIZE (mm) 

040 Channel catfish lctalurus punctatus 200-299 

039 White catfish lctalurus catus 40-59 

116 Brown bul I head lctalurus nebulosus 40-59 
108 Go I den s h i n e r Notemigonus crysoleucas 

110 Spottai l shiner Notropis hudsonius 

060 American eel Anqui 1 la ros t rat a 200-299 

051 Gizzard shad Dorosoma cepedianum 120-139 
275 Threadfin shad Dorosoma petenense 

026 Alewife Alosa pseudoharengus 60-79 

027 Blueback he rri nq Alosa aestival is 40-59 

037 Atlantic menhaden Brevoortia tyrannus 120-139 

103 Bay anchovy Anchoa mitchilli 60-79 

149 Tidewater silverside Menidia bery 11 i na .~o Atlantic silverside Menidia menidia 40-59 

35 Pumokinseed Lepomis oibbosus 140-1 qq 

032 'N'h i te perch Marone americana 140-199 

033 Spot Leiostomus xanthurus 80-99 

005 Atlantic croaker Micropogon undulatus 120:-139 
151 Hog choker Trinectes maculatus 40-59 
122 Mummichog Fundulus heteroclitus 60-79 

196 Atlantic needlefish Stronovlura marina 200-299 

148 Rough silverside Membras martinica 40-59 

009 Bluefish Pomatomus saltatrix 120-11g 

031 Striped bass Marone saxat i Ji s 80-99 

003 Summer flounder Paralichthys dentatus 300-399 

185 Cownose rav Rhinootera bonasus 200-299 

R - 9/75 3. 6-28 TOTAL 

6 
27.3 - 28.4 
5.4 - 6.9 

98 % 

ALIVE DEAD 

0 288 

1,152 0 

18.288 0 

288 0 

3.744 144 

288 0 

720 0 
ll+,976 432 

2 304 288 

JI+4 144 

144 0 

1 , 152 n 

39.888 2&8 

144 n 

1,008 0 

144 0 
288 0 

288 0 

1 .~96 0 
144 0 
144 0 

288 0 

86,832 1,584 



SURRY POWER STATION 
LOW LEVEL WEEKLY REPORT 

Ave. No. Circ. Pumps: 
Temperature Min- Max: 

Salinity Min - Max: 

7 * 
27.2 - 28.4 
3.2 - 4.5 ----

~k Of Aug. 6 Through Aug. 12,. 1978 Survival Percentage: 96 % 

* 7 pumps with 6 screens operating 
VIMS 

(mm) rnnF COMMON NAME SCIENTIFIC NAME MODAL SIZE AL I VE DEAD 

040 Channel catfish lctalurus punctatus 300-399 . 2.88 0 

039 White catfish I eta I urus catus 60-79 I, 728 0 

116 Brown bullhead lctalurus nebulosus 60-79 55,440 I ,296 

108 Golden shiner Notemigonus crysoleucas 

110 Spottail shiner Notropis hudsonius 

060 American eel Angu i 11 a ros t rat a 

051 Gizzard shad Dorosoma cepedianum I 00-119 432 0 

275 Threadfin shad Dorosoma petenense 

026 A I ewi fe Alosa pseudoha rengus 60-79 0 144 

027 Blueback herrino Alosa aestival is 300-399 288 0 

037 Atlantic menhaden Brevoortia tyrannus 120-139 50,400 I ;296 

103 Bay anchovy Anchoa mi tch i 11 i 6a-71q 1 440 864 
149 Tidewater silverside Menidia bery 11 i na 

-o Atlantic si lverside Menidia menidia 

135 Pumpkinseed Lepomis qibbosus 40-59,140-199 288 0 

032 White perch Mo rone ame r i can a 40-59 5, 184 144 

033 Spot Leiostomus xanthurus 60-79 70,704 3, 168 

005 Atlantic croaker Micropogon undulatus 

151 Hog choker ' Trinectes maculatus 

030 American shad Alosa sapidissima 60-79 288 0 
009 Bluefish Pomatomus saltatrix 120-139 576 0 
136 B 1 ueg i 11 Lepomis macrochirus 40-59 1 .008 0 
142 Ye I low perch Perea fl avescens 60-79 144 0 
031 Striped bass Marone saxatil is 140-199 288 0 

007 Weakfish Cynoscion regal is 40-59 864 720 
023 Searobin Prionotus sp. 40-59 288 0 

R - 9/75 3, 6-29 TOTAL 
189,648 7,632 



SURRY POWER STATION 
LOW LEVEL WEEKLY REPORT 

Ave. No. Circ. Pumps: 

Temperature Min-Max: 

Salinity Min-Max: t.k Of August 13 Through August 19, 1978 Survival Percentage: 
* 7 Pumps with 6 Screens 

VIMS 
(mm) rnni: COMMON NAME SCIENTIFIC NAME MODAL SIZE 

040 Channel catfish lctalurus punctatus 

039 White catfish lctalurus catus 60-79 

116 Brown bu 11 head lctalurus nebulosus 60-79 

108 Golden shiner Notemigonus crysoleucas 

110 Spottai I shiner Notropis hudsonius 

060 American eel Anquilla ros t rat a 200-299 

051 Gizzard shad Dorosoma cepedianum 120-139 
275 Threadfin shad Dorosoma petenense 

026 Alewife Alosa pseudoharengus 60-79 

027 B 1 ueback herrinq Alosa aestival is 200-2qq 
037 Atlantic menhaden B revoo rt i a ty ran nus 120-139 

103 Bay anchovy Anchoa mitchi lli 20-39 

149 Tidewater silverside Men id i a- beryl Ii na 

-o Atlantic silverside Menidia menidia 

135 Pumpkinseed Lepomis qibbosus 140-1qq 

032 White perch Merone americana 40-59 

033 Spot Leiostomus xanthurus 80-99 

005 Atlantic croaker Micropogon undulatus 100-119 

151 Hog choker Trinectes maculatus 

122 Mummichog Fundulus heteroclitus 80-99 
009 Bluefish Pomatomus saltatrix 120-139 

031 Stdped bass Moron~ saxatills 60-79 
007 \-Jeakfish Cynoscion regal is 40-59,60-79 

003· Summer flounder Paralichthys dentatus 200-299 

e 

R - 9/75 3. 6- 30 TOTAL 

7 . .,_ 
" 

28.3 - 29.9 
3.9 - 4.8 

97 O/o 

Operating 

ALI VE DEAD 

2,880 0 
1,728 0 

432 0 
1,728 0 

. 576 0 

144 0 

21 , 168 288 

1,296 144 

1uu 0 

13.1g2 864 
.. 

23,760 Ri::.J.i. 

1,152 n 

288 0 

2,448 0 

576 0 

432 0 

144 0 

72,288 2, 160 



SURRY POWER STATION 
LOW LEVEL WEEKLY REPORT 

-k Of August 20 Through 

VIMS 
r:nnF COMMON NAME 

040 Channel catfish 

039 White catfish 

116 Brown bullhead 

108 Golden shiner 

110 Spottai 1 shiner 

060 American eel 

051 Gizzard shad 

275 Threadfin shad 

026 Alewife 

027 B 1 ueback he rri no 

037 Atlantic menhaden. 

103 Bay anchovy 

149 Tidewater si lverside .-o Atlantic silverside 

;5 Pumpkinseed 

032 White perch 

033 Spot 

005 Atlantic croaker 

151 Hog choker 

009 Bluefish 
011 Harvestfish 

007 Weakfish 

R - 9/75 

Ave. No. Circ. Pumps: 7 .,. ,. 

August 26 

SCIENTIFIC NAME 

lctalurus ounctatus 

lctalurus cat us 

lctalurus nebulosus 

Notemigonus crysoleucas 

Notropis hudsonius 

Anguilla rest rat a 

Dorosoma ceoedianum 

Dorosoma oetenense 

Alosa pseudoharengus 

Alosa aestival is 

Brevoortia tvrannus 

Anchoa mi tch i 11 i 

Menidia beryl Ii na 

Menidia menidia 

Leoomis oibbosus 

Mo rone ame r i can a 

Leiostomus xanthurus 

Micropogon undulatus 

Trinectes maculatus 

Pornatornus saltatrix 

Peorilus alepidotus 
Cynoscion regal is 

3.6-31 

Temperature Min- Max: 

Salinity Min - Max: 

Survival Percentage: 

24.3 - 27.6 
4.2 6.3 ----

92 % 

* 7 Pumps with 6 Screens operating. 

MODAL SIZE (mm) ALIVE DEAD 

60-79 1,440 0 

60-79 576 0 

200-299~300-399 288 0 

120-139 1,440 0 

60-79 576 288 

120-139 26,928 l ,296 

60-79 3,024 l, 152 

40-59 288 0 

140-199 2,592 0 

60-79 32,400 3,312 

140-199 144 0 

40-59 432 144 

60-79,200-299 288 0 

TOTAL 70,416 6, 192 



SURRY POWER STATION 
LOW LEVEL·WEEKLY REPORT 

Aug. 27 Through 

VIMS 
rnni= COMMON NAME 

040 .Channel catfish 

039 White catfish 

116 Brown bul ]head 

108 Golden shiner 

110 Spottail shiner 

060 American eel 

051 Gizzard shad 
275 Threadfin shad 

026 Alewife 

027 Blueback herrino 

037 Atlantic menhaden 

103 Bay anchovy 

149 Tidewater silverside 

'30 Atlantic silverside 

5 Pumokinseed 

032 White perch 

033 Spot 

005 Atlantic croaker 

151 Hog choker 
011 Harvestfish 

007 . Weakfish 

204 C reva 11 e jack 

009 Bluefish 

003 ·Summer flounder 

R - 9/75 

Ave. No. Gire. Pumps: 
Temperature Min- Max: 27.5 - 28.4 

Salinity Min-Max= 6.o - 7.0 

Sept. 2, 1978 Survival Percentage= 95 % 
* 7 pumps with 6 screens operating 

SCIENTIFIC.NAME MODAL SIZE (mm) ALIVE DEAD 

lctalurus ounctatus 

I eta l urus catus 200-299 288 0 

lctalurus nebulas us 80-99 144 0 

Notemigonus crysoleucas 

Notropis hudsonius 

Anguilla ros t rat a 200-299,400-499 432 0 

Dorosoma ceoedianum 120-139 2.736 0 
Dorosoma oetenense 

Alosa pseudoharengus 60-79 288 0 
Alosa aestival is 

Brevoortia tyrannus 120-139 13,392 144 
Anchoa mitchill i 80-99 l ,008 288 

Menidia beryl l ina 

Menidia menidia 60-79 0 288 

Leoomis oibbosus 

Marone americana 140-199 1,296 0 

Leiostomus xanthurus 80-99 8,496 144 

Micropogon undulatus 60.:.79 288 0 
Trinectes maculatus 140-1qq 144 0 
Peprilus alepidotus 60-79 2, 160 576 
Cynoscion regal is 60-79 0 288 

Caranx hippos 80-99 144 0 

Pomatomus saltatrix 140-199 432 0 
Paialichthys dentatus 200-299 288 0 

3.6-32 TOTAL 31,536 1,728 



SURRY POWER STATION 
LOW LEVEL WEEKLY REPORT 

.ek Of Sept. 3 

VIMS 
rnni: COMMON NAME 

040 Channel catfish 

039 White catfish 

116 Brown bullhead 

Through Sept. 9, 1978 

SCIENTIFIC NAME 

lctalurus punctatus 

lctalurus cat us 

lctalurus nebulosus 

Ave. No. Circ. Pumps: 
Temperature Min- Max: 

Salinity Min - Max: 

Survival Percentage: 

26.3 - 27.4 
6.9 - 7.4 

96 % 

* 7 Pumps with 6 Screens operating 

MODAL SIZE (mm) ALIVE DEAD 

500+ 288 0 

80-gg 1,296 144 

108 Golden shiner Notemigonus crysoleucas 

110 Spottai I shiner Notropis hudsonius 

060 American eel Anquilla ros t rat a 

051 Gizzard shad Dorosoma ceoedianum 140-199 1,152 144 
" 275 Threadfin shad Dorosoma petenense -

026 Alewife Alosa pseudoha rengus 60-79 288 0 

027 B 1 ueback herrinq Alosa aes ti va 1 is 

037 Atlantic menhaden Brevoortia tyrannus 120-139 3,312 0 

103 Bay anchovy Anchoa mi tch i 11 i 4n-~q An-qq 2.448 288 

149 Tidewater silverside Menidia bery 11 i na 

,.:;Q Atlantic silverside Menidia menidia 60-79,80-99 720 n 

135 Pumokinseed Lepomis gibbosus 140-199 144 0 

032 White perch Mo rone ame r i can a 120-139,140-199 432 0 

033 Spot Leiostomus xanthurus 60-79 15. 552 432 
005 Atlantic croaker Micropogon undulatus 60-79 432 n 
151 Hog choker Trinectes maculatus l 00-119 288 0 
196 Atlantic needlefish Strongylura marina 200-299 288 0 

148 Rough silverside Membras martinica 60-79, 80-99 144 288 
011 Harvestfish Peprilus alepidotus 80-99 4,320 0 

R - 9/75 3 .6-33 TOTAL 31, l 04 l ,296 



SURRY POWER STATION 
LOW LEVEL WEEKLY REPORT 

Ave. No. Circ. Pumps: 

Temperature Min-Max: 

Salinity Min-Max: .k Of Sept. 10 Th rough .Sept. 16, 1978 Survival Percentage:. 

VIMS 
(mm) rnnF COMMON NAME SCIENTIFIC NAME MODAL SIZE 

040 Channel catfish lctalurus punctatus 

039 White catfish lctalurus catus 80-99 

116 Brown bu 11 head lctalurus nebulosus 

108 Golden shiner Notemigonus crysoleucas 100-119 

110 Spottai l shiner Notropis hudsonius 

060 American. eel Anguilla ros t rat a 500+ 

051 Gizzard shad Dorosoma ceoedianum 140-199 
275 Threadfin shad Dorosoma petenense 

026 Alewife Alosa pseudoharengus 

027 Blueback he rri no .Alosa aestival is 

037 Atlantic menhaden Brevoortia tyrannus 140-199 

103 Bay anchovy Anchoa mitchi lli 40-59 

149 Tidewater sil~erside Menidia beryl l ina 

'30 Atlantic si lverside Menidia menidia 

5 Pumokinseed Lepomis gibbosus 60-79 
. 032 White perch Marone americana 60-79 

033 Spot Leiostomus xanthurus 80-99 

005 Atlantic croaker Micropogon undulatus 80-99 
151 Hog choker Trlnectes maculatus 80-qq_ 100-11q 
122 Mummichog Fundulus heterocl itus 60-7q 
01 l Harvestfish Pepr i l us alepidotus 60-79 

007 Weakfish Cynoscion regal is 60-79 

R - 9/75 3, 6-34 TOTAL 

7 
24.o - 26.5 
6.7 - 9.3 

95 O/o 

ALI VE DEAD 

720 288 

144 0 

144 0 

1 2q6 0 

7.056 () 

l. 728 i:;16 

288 0 

720 0 

10,080 576 

1. 152 0 

i:;76 0 
144 0 

.4 ,896 144 

144 0 

29,088 1,584 



SURRY POWER STATION 
LOW LEVEL WEEKLY REPORT 

Ave. No. Circ. Pumps: 
Temperature Min- Max: 

Salinity Min - Max: 

25.4 - 27.3 
7o0 - 8.3 ----

.k Of Sept. 17 Through Septo 23, 1978 Survival Percentage= 98 % 

* 6 Pu~ps with 5 Screens operating 
VIMS 
rnn~ COMMON NAME SCIENTIFIC NAME MODAL SIZE (mm) AL I VE DEAD 

040 Channel catfish lctalurus punctatus 200-299 l ,296 144 

039 White catfish lctalurus catus 140-199 144 0 

116 Brown bul ]head lctalurus nebulas us 

108 Golden shiner Notemigonus crysoleucas 

110 Spottail shiner Notropis hudsonius 

060 American eel Anguilla ros trata 

051 Gizzard shad Dorosoma cepedianum 140-199 1,440 0 

275 Threadfin shad Dorosoma petenense · 

026 Alewife Alosa pseudoharengus 

027 B 1 ueback herring Alosa aestival is 

017 Atlantic menhaden B revoo rt i a ty ran nus 120-139 1,584 0 

103 . Bay anchovy Anchoa mitchill i 40-59 144 0 

1~9 Tidewater silverside Menidia bery 11 i na 

-0 
Atlantic silverside Menidia menidia 

35 Pumpkinseed Lepomis qibbosus ' 

032 White perch Marone americana 80-99. 720 0 

033 Spot Leiostomus xanthurus 80-99 22, 176 516 
005 Atlantic croaker Micropogon undulatus 80-99 144 0 

151 Hog choker Trinectes maculatus 

052 Carp Cyprinus carpio 140-199 288 0 
122 Mummichog Fundulus heterocl itus 60-79 144 0 

011 Harvestfish Peprilus alepidotus 60-79 l, 728 0 

031 Stdped Bass . Marone saxatilis 60-79, 80-99 432 0 

' 

3, 6-35 
30,240 720 

R - 9/75 TOTAL 



SURRY POWER STATION 
LOW LEVEL WEEKLY REPORT 

-k Of Sept. 24 

VIMS 
conF COMMON NAME 

040 Channel catfish 

039 White catfish 

116 Brown bu 11 head 

108 Golden shiner 

110 Spottai l shiner 

060 American eel 

051 Gizzard shad 

275 Threadfin shad 

026 Alewife 

027 B 1 ueback he rri nq 

037 Atlantic menhaden 

103 Bay anchovy 

Through 

149 Tidewater silverside .-o Atlantic silverside 

;5 Pumpkinseed 

032 White perch 

033 Spot 

005 At 1 antic croaker 

151 Hog choker 
148 Rough silverside 

011 Harvestfish 

031 Striped bass 

003 Summer flounder 

R - 9/75 

Sept. 30, 1978 

SCIENTIFIC NAME 

I eta 1 u rus punctatus 

lctalurus catus 

lctalurus nebulosus 

Ave. No. Circ. Pumps: 

Temperature Min- Max: 

Salinity Min - Max: 

21.9 - 23.1 
7.4 - 9.4 

Survival Percentage: 98 % 
* 7 Pumps with 5 screens operating 

MODAL SIZE (mm) ALIVE DEAD 
200-299 0 144 

60-79 432 0 

Notemigonus crysoleucas 

Notropis hudsonius 

Anguilla ros t rat a 

ceoedianum 140-199 2,304 0 
Dorosoma 
Dorosoma petenense 

Alosa pseudoharengus 

Alosa aest i va 1 is 

Brevoortia tyrannus 100-119 4,464 0 

Anchoa mi tch i 11 i 60-79 1,008 0 

Menidia beryl 1 i na 

Menidia menidia 60-79 0 288 

Lepomis gibbosus 

Marone ameri cana 120-139, 200-299 576 0 
Leiostomus xanthurus 80-99 10,368 0 

Micropogon undulatus 

Trinectes maculatus 80-99, l 00-119 720 0 

Membras martinica 80-99 288 0 

Peprilus alepidotus 80-99 l ,296 0 
Marone saxatilis 60-79 288 0 

Paralichthys dentatus 140-J.99 144 0 

3 .6-36 21,888 432 
TOTAL 



SURRY POWER STATION 
LOW LEVEL WEEKLY REPORT 

Oct. l Through 

VIMS 
rrrni= COMMON NAME 

040 Channel catfish 

039 White catfish 

116 Brown bu 11 head · 

108 Golden shiner 

110 Spottai I ,shiner 

060 Ame r i can eel 

051 Gizzard shad 

275 Threadfin shad 

026 Alewife 

027 Blueback herrinq 

037 Atlantic menhaden 

103 Bay anchovy 

149 Tidewater silverside .-o Atlantic silverside 

;5 Pumokinseed 

032 White perch 

033 Spot 

005 Atlantic croaker 

151 Hog choker 

148 Rough silverside 

011 Harvestfish 

152 Blackcheek tonguefish 

R - 9/75 

Ave. No. Circ. Pumps: 

Temperature Min- Max: 

Salinity Min - Max: 

Oct. 7, 1978 Survival Percentage: 

SCIENTIFIC NAME MODAL SIZE (mm) 

lctalurus punctatus 200-299 

lctalurus catus l 00-119, 140-199 

lctalurus nebulas us 80-99 

Notemigonus crysoleucas 

Notropis hudsonius 

Anguilla rostrata 500+ 

Dorosoma ceoedianum 140-199 
Dorosoma petenense 

Alosa pseudoharengus 

Alosa aest i va Ii s 

Brevoortia tyrannus 120-139 

Anchoa mi tch i 11 i 60-79 

Menidia beryl l i na 

Menidia menidia 

Lepomis gibbosus 

Marone americana 

Leiostomus xanthurus 80-99 

Micropogon undulatus 100-119 

Trinectes maculatus 80-99 

Hembras martinica 80-99 
Peprilus alepidotus 80-99 
Symphurus plagiusa 80-99 

3,6-37 TOTAL 

6 
20.7 - 2108 

8.3 - 10. l 

98 % 

AL I VE DEAD 
144 0 

432 0 

288 0 

144 0 
720 576 

17,856 0 

l ,872 0 

21, 168 288 

288 0 
2,160 0 

144 0 
2,448 0 

288 0 

47.952 864 



SURRY POWER STATION 
LOW LEVEL WEEKLY REPORT 

Ave. No. Circ. Pumps: 

Temperature Min- Max: 

Salinity Min - Max: ek Of . Oct. 8 Through Oct. 14, 1978 Survival Percentage: 

VIMS 
(mm) rnoF COMMON NAME SCIENTIFIC NAME MODAL SIZE 

040 Channel catfish lctalurus punctatus 200-299 

039 White catfish lctalurus catus 80-99 

116 Brown bu 11 head I eta I urus nebulosus 60-79 

108 Golden shiner Notemigonus crysoleucas 

110 Spottai I shiner Notropis hudsonius 

060 American eel Anguilla ros t rat a 140-199 

051 Gizzard shad Dorosoma ceoedianum 
275 Threadfin shad Dorosoma petenense 

026 Alewife Alosa pseudoharengus 60-79 

027 Blueback herrinq Alosa aes ti va Ii s 

017 Atlantic menhaden Brevoortia tyrannus 140-199 

103 Bay anchovy Anchoa mi tch i 11 i 80-99 

149 Tidewater si lverside Menidia beryl Ii na 

fl/ Atlantic silverside Menidia menidia 100-119 

5 Pumokinseed Lepomis gibbosus 

032 White perch Mo rone ame r i can a 140-199 

033 Spot Leiostomus xanthurus 100-119 

005 Atlantic croaker Micropogon undulatus 140-199 

151 Hog choker Trinectes maculatus 80-99 

122 Mummichog Fundulus heterocl itus 60-79,30-99 

231 Striped mullet Mugi 1 cephalus 200-299 
011 Ha rves tf i sh Peptllus alepidotus 80-99 
031 Striped bass Morone saxatilis 140-199 

3.6-38 
R - 9/75 TOTAL 

5 
15.9 20.3 ---
8.2 - 9.3 ---
99 % 

AL I VE DEAD 
1,152 0 

9,072 0 

3,456 0 

576 0 

576 0 

19,152 144 

1,152 864 

288 0 

11,664 0 

58,032 576 

288 o. 
2,304 0 

432 0 
288 0 

2,160 0 
·, 2, 4~8 0 

113,040 1,584 



SURRY POWER STATION 
LOW LEVEL WEEKLY REPORT 

-k Of Oct. 15 Through 

VIMS 
rnni; COMMON NAME 

040 Channel catfish 

039 White catfish 

116 Brown bullhead 

108 Golden shiner 

110 Spottail shiner 

060 Ame·ri can eel 

051 Gizzard shad 

275 Threadfin shad 

026 Alewife 

027 Blueback herrinq 

037 Atlantic menhaden 

103 Bay anchovy 

149 Tidewater silverside 

150 Atlantic si lverside 

.35 Pumokinseed 

032 White perch 

033 Spot 

005 Atlantic croaker 

151 Hog choker 

231 Striped mullet 

01 l Harvestfish 

007 Wea~fish 

213 Silver perch 

003 Summer flounder 

R - 9/75 

~-------

Ave. No. Circ. Pumps: 

Temperature Min- Max: 

Salinity Min - Max: 

Oct. 21, 1978 Survival Percentage: 

16.4 - 17.6 

8.9 - 10.4 --~ 
98 % 

* 6 Pumps with 5 Screens operating 

SCIENTIFIC NAME MODAL SIZE (mm) ALIVE DEAD 

lctalurus punctatus 200-299 864 0 

lctalurus cat us 80-99. 100-119 l .440 0 

lctalurus nebulosus 60-79 l , 152 0 

Notemigonus crysoleucas 

Notropis hudsonius 

Anc:iu i 11 a ros t rat a 200-299 864 0 

Do rosoma cepedianum 140-19g 288 288 
Dorosoma petenense 

Alosa pseudoharengus 60-79 11 , 232 432 

Alosa aestival is 40-59 4,464 576 
Brevoortia tyrannus l 00-119 69, 120 576 
Anchoa mi tch i 11 i 40-59, 80-99 4,464 l, 008 

Menidia beryl l i na 

Menidia menidia 60-79, 80-99 l 584 144 

Lepomis qibbosus 

Mo rone ame r i can a 140-199 ?AA 0 

Leiostomus xanthurus 100-119 31 • 392 0 
Micropogon undulatus 

Trinectes maculatus 80-99 576 0 
Mug i l cepha l us 200-299 144 n 

Peprilus alepidotus 60-79 288 0 
Cynoscion regal is 80-99 720 0 

Bairdiella chrysura 140-199 144 0 
Paralichthys dentatus 300-399 288 0 

-

-

3. 6-39 TOTAL 129,312 3,024 



SURRY POWER STATION 
LOW LEVEL WEEKLY REPORT 

~k Of Oct. 22 

VIMS 
rnni:- COMMON NAME 

040 Channel catfish 

039 White catfish 

116 Brown bullhead 

108 Golden shiner 

110 Spottail shiner 

060 American eel 

051 Gizzard shad 

275 Threadfin shad 

026 Alewife 

027 B 1 ueback herrino 

037 Atlantic menhaden 

103 Bay anchovy 

Through 

149 Tidewater silverside 

.0 
Atlantic silverside 

35 Pumpkinseed 

032 White perch 

033 Spot 

005 Atlantic croaker 

151 Hog choker 

031 Striped bass 

144 Naked goby 

R - 9/75 

--

Ave. No. Circ. Pumps: 
6 ;t 

Temperature Min-Max: 15.8 - 17.9 

Salinity Min- Max: 8.2 - 10.8 

Oct. 28, 1978 Survival Percentage: 95 O/o 

" umps w1 ~6 P "th 5 s creens operat,nc 

SCIENTIFIC NAME MODAL SIZE (mm) ALI VE DEAD 

lctalurus punctatus 

lctalurus catus 300-399 144 0 

I eta 1 urus nebulosus 

Notemigonus crysoleucas 

Notropis hudsonius 

Anguilla ros t rat a 

Dorosoma ceoedianum 140-199 432 0 

Dorosoma petenense 

Alosa pseudoha rengus 60-79 1,728 288 

Alosa aest i va 1 is 40-59 l ,584 
() 

Brevoortia tyrannus 100-119 10,512 () 

Anchoa mitchilli 80-99 6,192 l l c;2 

Menidia beryl Ii na 40-59 144 0 
Menidia menidia 

Lepomis qibbosus 

Marone americana 

Leiostomus xanthurus 100-119 2,448 0 
Micropogon undulatus 

Trinectes maculatus 80-qq 6,624 0 

Marone saxatilis 100-119 144 0 
Gobiosoma bosci 40-59 288 0 

3. 6-40 TOTAL 
30,240 1,440 

I 



SURRY POWER STATION 
LOW LEVEL WEEKLY REPORT 

-k Of Oct. 29 . Th rough 

VIMS 
rnn i; COMMON NAME 

040 Channel catfish 

039 . White catfish 

116 Brown bul !head 

108 Golden shiner 

110 Spottai I shiner 

060 American eel 

051 Gizzard shad 
275 Threadfin shad 

026 Alewife 

027 B 1 ueback he rri nq 

0"37 Atlantic menhaden 

103 Bay anchovy 

149 Tidewater silverside 

j~ Atlantic silverside 

Pumokinseed 

032 White perch 

033 Spot 

005 Atlantic croaker 

151 Hog choker 

122 Mummichoq 
148 Rough silverside 

009 Bluefish 

011 Harvestfish 

007 Weakfish 

003 Summer flounder 

R - 9/75 

Ave. No. Circ. Pumps: 6 '~ 

Temperature Min-Max: 140 1 - 16.4 

Salinity Min - Max: 10.3 - 11 • 1 

Nov •. 4, 1978 Survival Percentage: 93 O/o 
* 6 pumps with 5 screens operating. 

SCIENTIFIC NAME MODAL SIZE (mm) ALIVE DEAD 

lctalurus ounctatus 300-399 432 0 

I eta l urus cat us 

lctalurus nebulosus 

Notemigonus crysoleucas 

Notropis hudsonius 

Anquilla ros t rat a 

Dorosoma ceoedianum 
Dorosoma oetenense 

Alosa pseudoharengus. 80-99 3,744 0 

Alosa aestival is 40-59 13,248 720 

Brevoortia tyrannus 100-119 16,848 0 

Anchoa mitchilli 60-79 271,296 22,032 

Menidia beryl Ii na 

Menidia menidia 60-79 4'i2 0 

Leoomis qibbosus 

Marone americana 140-199 288 0 
Leiostomus xanthurus 80-99 4,752 0 

Micropogon undulatus 

Trinectes maculatus 80-99 2,304 0 

Fundulus heteroclitus 60-79 144 0 
Membras martinica 40-59. 80-99 432 0 

Pomatomus saltatrix 200-299 288 0 

Peprilus alepidotus 80-99 144 0 
Cynoscion regal is 100-119, 120-135 576 0 
Paralichthys dentatus 300-399 144 0 

3.6-41 TOTAL 
315,072 22,752 

' I 

i 

I 

I 

I 



SURRY POWER STATION 
LOW LEVEL WEEKLY REPORT 

Ave. No. Circ. Pumps: 6 
T 

15,0 - 16.0 
emperature Min- Max: ---- ----

Salinity Min - Max: IO. 7 - 11, 4 ek Of Nov. 5 Through Nov. 11, 1978 Survival Percentage: __ 9_8_ 0
/ 0 

VIMS 
rnDF COMMON NAME SCIENTIFIC NAME MODAL SIZE (mm) ALIVE DEAD 

040 Channel catfish lctalurus punctatus 200-299 576 0 

039 White catfish lctalurus catus 

116 Brown bu 11 head lctalurus nebulosus 

108 Golden shiner Notemigonus crysoleucas 

110 Spot ta i 1 shiner Notropis hudsonius 

060 American eel Anquilla ros t rat a 

051 Gizzard shad Dorosoma ceoedianum 

275 Threadfin shad Dorosoma petenense 

026 Alewife Alosa pseudoha rengus 60-79 4,752 144 

027 Blueback he rri nq Alosa aestival is 60-79 37,296 576 

037 Atlantic menhaden Brevoortia tyrannus l 00-11 g 9;.072 0 

103 Bay anchovy Anchoa mi tch i 11 i 60-79 7,632 720 

149 Tidewater silverside Menidia beryl l i na 60-79 720 0 

150 Atlantic silverside Menidia menidia 80-99 288 0 

35 · Pumokinseed Leoomis oibbosus 60-79 2,592 0 

032 White perch Marone ameri cana 120-139 720 0 

033 Spot Leiostomus xanthurus l 00-119 6,768 0 

005 Atlantic croaker Micropogon undulatus 

151 Hog choker Trinectes maculatus 80-99 1,008 0 

122 Mummichog Fundulus heteroclitus 80-99 l ,440 0 

148 Rough silverside Membras martinica 60-99 144 0 

01 l Harvestfish Peprilus alepidotus 80-99 144 0 

' - ' 

R - 9/75 3, 6-42 TOTAL 73,152 1,440 



SURRY POWER STATION 
LOW LEVEL WEEKLY REPORT 

Ave. No. Circ. Pumps: 

Temperature Min- Max: 

Salinity Min - Max: 

7 -!: 

14.7 - 15.8 
10.4 - 11.8 

-k Of Nov. 12 Through Nov. 18, 1978 Survival Percentage: 93 % 
* 7 pumps with 6 screens operating 

VIMS 
rnnF COMMON NAME SCIENTIFIC NAME MODAL SIZE (mm) AL I VE DEAD 

040 Channel catfish lctalurus punctatus 

039 White catfish lctalurus cat us 

116 Brown bu 11 head lctalurus nebulosus 40-59 2813 0 

108 Golden shiner Notemigonus crysoleucas 

110 Spottail shiner Notropis hudsonius 

060 American eel Anguilla ros t rat a 

051 Gizzard shad Dorosoma ceoedianum 140-199 '.2,592 0 

275 Threadfin shad Dorosoma petenense 

026 Alewife Alosa pseudoha ren gus 60-79 2, 160 144 

027 81 ueback he rri nq Alosa aest i va 1 is 40-59 119,232 g_160 

037 Atlantic menhaden Brevoortia tyrannus 100-119 8.352 0 

103 Bay anchovy Anchoa mi tch i 11 i 60-79 3,456 2,304 

149 Tidewater si lverside Menidia bery 11 i na 40-59, 60-79 576 0 .-o Atlantic si lverside Menidia menidia 

;5 Pumpkinseed Lepomis gibbosus 60-79 l , 152 0 

032 White perch Mo rone ame r i can a 60-79 2,592 288 

033 Spot Leiostomus xanthurus 100-119 14,256 0 

005 Atlantic croaker Micropogon undul atus 120-139 144 0 

151 Hog choker Trinectes maculatus 60-79, 80-99 576 0 

148 Rough silverside Membras martinica 60-79 l, 152 288 

122 Mummichog Fundulus heterocl itus "60-79 9,792 n 

120 Sheepshead minnow Cyprinodon varieoatus 40-59 288 0 

007 Weakfish Cvnoscion reoalis 140-199 288 0 

3 ,6-43 166,896 12,384 
R - 9/75 TOTAL 



SURRY POWER STATION 
LOW LEVEL WEEKLY REPORT 

~k Of Nov. 19 Through Nov. 25, 1973 

VIMS 
rnni= COMMON NAME SCIENTIFIC NAME 

040 Channel catfish lctalurus punctatus 

039 White catfish lctalurus catus 

116 Brown bullhead lctalurus nebulosus 

108 Golden shiner Notemigonus crysoleucas 

110 Spot ta i I shiner Notropis hudsonius 

060 American eel Anguilla ros t rat a 

051 Gizzard shad Dorosoma cepedianum 

275 Threadfin shad Dorosoma petenense 

026 Alewife Alosa pseudoharengus 

027 B 1 ueback herrino Alosa aestival is 

037 Atlantic menhaden Brevoortia tyrannus 

103 Bay anchovy Anchoa mi tch i 11 i 

149 Tidewater silverside Menidia bery 11 i na 

.0 
Atlantic silverside Menidia menidia 

35 Pumpkinseed Lepomis qibbosus 

032 White perch Marone americana 

033 Spot Leiostomus xanthurus 

005 Atlantic croaker Micropogon undulatus 

151 Hog choker Trinectes maculatus 

030 American shad Alosa sapidissima 

122 Mummichog Fundulus heteroclitus 

231 Striped mullet Mugi 1 cephalus 

136 Bl uegi 11 Lepomis macrochirus 

031 Striped bass Marone saxatills 

213 Si 1 ver perch Bairdlella chrysura 

144 Naked goby Gobiosoma bosci 

R - 9/75 3. 6-44 

Ave. No. Circ. Pumps: 

Temperature Min- Max: 

Salinity Min - Max: 

Survival Percentage: 

MODAL SIZE (mm) 

60-79, 100-119 

140-199 

60-79 

60-79 

100-119 

40-59 

60-79 

40-59 
60-79 
100-119 

i20.;,139 

100-119 

40-59 
200-299 

140-199 

100-119 

120-139 

40-59 

TOTAL 

6 
]3.6 14. 1 

8.7 - 10.2 
89 % 

AL I VE DEAD 

720 0 

283 288 

q ~60 c:;7(., 

t338.256 31 680 

4 3% 0 

12.960 13,536 

A/'.,4 0 

5. 134 576 

2.880 0 

2.448 0 

2.016 0 

c:;76 0 

4.8% 0 
144 0 

283 ('\ 

288 0 

144 ,, 
144 0 

386,352 46,656 



---
- - ---

SURRY POWER STATION Ave. No. Circ. Pumps: 7* 

LOW LEVEL WEEKLY REPORT Temperature Min- Max: 10.5 - 11.3 

Salinity Min - Max: 9.8 - 11.2 

.Of November 26,1978Through December 2, 1978 Survival Percentage: 25 O/o 

* 7 pumps with 6 screens operating 
VIMS 
r:nn !=' COMMON NAME SCIENTIFIC NAME MODAL SIZE (mm) ALIVE DEAD 

040 Channel catfish lctalurus ounctatus 

039 White catfish lctalurus catus 80-99 288 0 

116 Brown bu 11 head lctalurus nebulosus 40-59, 60-79 576 0 

108 Golden shiner Notemigonus crysoleucas 

110 Spottai l shiner Notropis hudsonius 

060 American eel Anquilla ros t raca 200-299 288 0 

051 G i zz a rd shad Dorosoma ceoedianum 140-199 144 0 

2. 75 Threadfin shad Dorosoma oetenense 100-119 144 0 

026 Alewife Alosa pseudoharengus 60-79 
' 

1,440 144 

027 81 ueback herrina Alosa aest i va 1 is 40-59 1 281,376 15.696 

037 Atlantic men had.en Brevoortia cvrannus 140-199 2,448 0 

103 Bay anchovy Anchoa mi tch i 11 i ' 
60-79 288. 288 

149 Tidewater si lverside Menidia bery 11 i na 60-79 576 0 

to Atlantic si lverside Menidia menidia 80-99' 864 0 

5 Pumokinseed Leoomis aibbosus 60-79 10,512 144 

032 White perch Mo rone ame r i can a 60-79 10,080 288 

033 Spot Leiostomus xanthurus 80-99 9,648 144 

005 Atlantic croaker Micropogon undulatus 120-139 288 0 

151 Hog choker Trinectes maculatus 80-99 1,872 0 

052 Caro Cyprinus Carpio 140-199 288 0 

030 American Shad Alosa sapidissima 120-139 288 0 

122 Mummichog Fundulus heteroclitus 40-59 27,648 288 

148 Rough silverside Membras martinica \. 
60-79 144 0 

031 St1:iped bass Moron saxatilis 100-119 288 0 

i 003 Summer flounder Paralichthvs dentatus 200-299 288 0 

152 Blackcheek tonguefish Symphurus plagiusa 60-79, 80-99 288 144 

I 

I 

I 
I 

R - 9/75 
3.6~45 

TOTAL 350,064 17,136 
I 



SURRY POWER STATION 
LOW LEVEL WEEKLY REPORT 

-k Of Dec. 3 Through Dec. 9, 1978 

VIMS 
rnni: COMMON NAME SCIENTIFIC NAME 

040 Channel catfish lctalurus punctatus 

039 White catfish lctalurus cat us 

116 Brown bullhead lctalurus nebulosus 

· Ave. No. Circ. Pumps: 6 

Temperature Min-Max: __ l_L_6 - 13.2 

Salinity Min-Max: 7.3 - 9.7 
Survival Percentage= 94 % 

MODAL SIZE (mm) ALI VE DEAD 

200-299 432 0 

100-119 288 0 

60-79 7,776 576 

108 Golden shiner Notemigonus crysoleucas 

110 Spot ta i I shiner Notropis hudsonius 

060 American eel Anquilla ros t rat a 

051 Gizzard shad Dorosoma ceoedianum 140-199 3,744 0 

275 Threadfin shad Dorosoma petenense 

026 Ale'.'.Ji fe Alosa pseudoharengus 60-79 4,896 144 

027 Blueback he rri nq Alosa aestival is 60-79 106,704 8,928 

0"37 Atlantic menhaden Brevoortia tyrannus 100-119 6,048 0 

103 Bay anchovy Anchoa mitchi lli 40-59 2,016 144 

149 Tidewater silverside Menidia beryl l ina 40-59 720 0 .~o Atlantic stlverside Menidia menidia 100-119 288 0 

35 Pumokinseed Leoomis qibbosus 40-59 7,488 0 

032 White perch Merone americana 60-79 28,224 864 

033 Spot Leiostomus xanthurus 80-99 21,456 l ,008 

005 -Atlantic croaker Micropogon undulatus 

151 Hog choker Trinectes maculatus 100-119 576 0 
122 Mummichog Fundulus heteroclitus 4o-i:;q 2. 160 0 
031 Striped bass Merone saxatilis 100-119 l ,008 0 

213 Silver perch Bairdiella chrysura 120-139 288 0 
204 Crevalle jack Caranx hippos 140-199 144 0 

R - 9/75 
3, 6-46 

TOTAL 
194,256 l l ,664 



SURRY POWER STATION 
LOW LEVEL WEEKLY REPORT 

ek Of Dec 10 Through tleco 16, 1978 

VIMS 
rnnF . COMMON NAME SCIENTIFIC NAME 

040 Channel catfish lctalurus ounctatus 

039 White catfish lctalurus catus 

I 16 Brown bul ]head lctalurus nebulosus 

Ave. No. Circ. Pumps: 5 

Temperature Min- Max: _ 7_._8 __ 

Salinity Min-Max: 
5

•
4 

10.3 

7.6 

Survival Percentage: _9_5 __ 0/o 

MODAL SIZE (mm) AL I VE DEAD 

100-119 432 144 

40-59 288 0 

108 Golden shiner Notemigonus crysoleucas 

I 10 Spotta i 1 shiner Notropis hudsonius 

060 American eel Anguilla ros t rat a 

051 Gizzard shad Dorosoma ceoedianum 140-199 576 0 

275 Threadfin shad Dorosoma oetenense 

026 Alewife Alosa pseudoha rengus 60-79-80-99 1,440 288 

027 B 1 ueback he rri no Alosa aest i va 1 is 40-59 22,256 4,896 

037 Atlantic menhaden B revoo rt i a tv ran nus 80-99,120-139 432 0 

103 Bay anchovy Anchoa mitchill i 40-59 144 0 

149 Tidewater si lverside Menidia be ry I 1 i na -
60-79 1,584 288 .so Atlantic silverside Menidia menidia 80-99 3,888 288 

35 Pumpkinseed Lepomis qibbosus 40-59 576 0 

032 White perch Morone americana 60-79 9,216 1,152 

033 Spot Leiostomus xanthurus 80-99 3,024 0 

005 Atlantic croaker Micropogon undulatus 

151 Hog choker Trinectes maculatus 80-99 144 144 

122 · Mummichog Fundulus heteroclitus 60-79 3,024 0 

007 Weakfish Cynoscion regalis 140-199 0 288 

003 Summer flounder Paralichthys dentatus 120-139 288 0 

3 ,6-47 
TOTAL 

147,312 7,488 
R - 9/75 



SURRY POWER STATION 
LOW LEVEL WEEKLY REPORT 

Dec. 17 Through 

VIMS 
rnni:- COMMON NAME 

040 Channel catfish 

039 White catfish 

116 Brown bu 11 head 

108 Golden shiner 

110 Spot tail shiner 

060 American eel 

051 Gizzard shad 

275 Threadfin shad 

026 Alewife 

027 Blueback herrinq 

037 Atlantic menhaden 

103 Bay anchovy 

149 Tidewater si lverside .-o Atlantic si lverside 

;5 Pumokinseed 

032 White perch 

033 Spot 

005 Atlantic croaker 

151 Hog choker 

030 American shad 

122 Mummichog 

007 Weakfish 

372 Inshore sand lance 

R - 9/75 

Ave. No. Circ. Pumps: 5 

Temperature Min- Max: 6 2 - ... 8=·:::..s __ 

Salinity Min - Max: 3 .9 - ... z ........... 3 __ 

Dec. 23, 1978 Survival Percentage: 97 % 

SCIENTIFIC NAME MODAL SIZE (mm) ALIVE DEAD 

lctalurus punctatus 

lctalurus cat us 100-119 1., 728 0 

lctalurus nebulosus 60-79, 200-299 432 0 

Notemigonus crysoleucas 

Notropis hudsonius 

Anquilla ros t rat a 

Dorosoma ceoedianum 140-199 864 0 

Dorosoma petenense 

Alosa pseudoha rengus 60-79 5,328 720 

Alosa aestival is 60-79 372,528 11,808 

Brevoortia tyrannus 80-99 720 144 

Anchoa mi tch i 11 i 60-79 864 0 

Menidia bery 11 i na 60-79 864 0 

Menidia menidia 80-99 11,232 144 

Lepomis qibbosus 60-79 864 0 

Marone americana 60-79 20,880 2 01 F,, 

Leiostomus xanthurus 80-99 3,600 0 

Micropogon undulatus 

Trinectes maculatus 80-99 3,024 0 

Alosa ~apidissima 140-199 144 0 

Fundulus heteroclitus 60-79 2,880 0 

Cynoscion regalis 100-119 288 0 

Am.modytes hexaoetrus 140-199 ?R8 0 

3, 6-48 
TOTAL 426,528 14,832 



SURRY POWER STATION 
LOW LEVEL WEEKLY REPORT 

ek Of Dec. 24 

VIMS 
r.ooF COMMON NAME 

040 Channel catfish 

039 White catfish 

116 Brown bullhead 

108 Golden shiner 

110 Spottail shiner 

060 American eel 

051 Gizzard shad 

275 Threadfin shad 

026 Alewife 

027 81 ueback herrino 

037 Atlantic menhaden 

103 Bay anchovy 

Through 

149 Tidewater si lverside 

fo Atlantic silverside 

35 Pumpkinseed 

032 White perch 

033 Spot 

005 Atlantic croaker 

151 Hog choker 

122 Mummichog 

R - 9/75 

Dec. 30, 1978 

SCIENTIFIC NAME 

lctalurus punctatus 

lctalurus catus 

lctalurus nebu·l osus 

Notemigonus crysoleucas 

Notropis hudsonius 

Anguilla ros t rat a 

Dorosoma ceoedianum 
Dorosoma petenense 

Alosa pseudoharengus 

Alosa aestival is 

Brevoortia tyrannus 

Anchoa mi tch i 11 i 

Menidia beryl Ii na 

Menidia menidia 

Lepomis gibbosus 

Marone americana 

Leiostomus xanthurus 

Micropogon undulatus 

Trinectes maculatus 

Fundulus heteroclitus 

3, 6-49 

Ave. No. Circ. Pumps: 5 

Temperature Min- Max: 4.4 - 7.0 ---
Salinity Min - Max: 

4.0 - 6.4 

Survival Percentage: 95% % 

MODAL SIZE (mm) ALIVE DEAD 

80-99 144 0 

100-119 576 0 

60-79, 140-199 412 0 

140-199 576 0 

140-199. 300-399 7?n 0 

60-79. 80-99 864 144 

60-79 135.216 8,064 

120-139 720 0 

60-79 432 720 

80-99 9,792 0 

60-79 288 0 

6.0-79 79.056 3,024 

80-99 1,440 288 

20-39, 40-59 864 144 

100-119 482 0 

80-99 1,008 0 

TOTAL 232,560 12,384 
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Introduction 

The Surry Power Station, operated by the Virginia Electric 

and Power Company, is located on a peninsula that extends into 

the James River on its south shore. The tip of the peninsula 

is· known as Hog Point, and it is approximately 30 miles (48 km) 

upstream. from ChesaJ?eake Bay and 50 miles (80 km) downstream. 

from Richmond (Fi~. 1). The section of the river bordering this 

peninsula is the transition zone between. fresh water and saline 

water, where the salinities encountered are near the tolerance 

minima for most estuarine and marine species and near the toler­

ance.maxima for freshwater species. Therefore, the biological 

_community consists of a· few resident species that can tolerate 

the entire range of conditions, and of visitors from upstream. 

·and downstream. that can survive until their tolerance limits are 

exceeded.· The region is biologically significant.mainly as a 

nursery ground and migration corridor for fish species that are 

· harvested elsewhere. The fish populations in the vicinity of the 

power station have been monitored by VEPCO personnel. VIMS was 

engaged by VEPCO to monitor the lower trophic levels, ·including 
. . . . . . 

·the phytoplankton, zooplankton, benthic macroinvertebrates and 

fouling organisms. The monitoring study has been in progress 

s·ince May, 1969, and intensified sampling programs for phytoplank­

ton. and zooplankton were conducted. in the years 1975 through 1978. 

The present report covers the study period January through 

December 1978. 

1 
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Figure 1. 

2 

SURRY 
POWER 
STATION 

Location of the Surry Power St~tion. 
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The. first of the two units of-the power plant began 

commercial.operation in December 1972, the second in.May 1973. 

Together they require a cooling water flow of 106m~sec,.l, which 

is pumped from the.river on the downstream side of the peninsula 

into a 2. 74 km .. long elevated intake canal in which it. flows by 

gravity for app.roximately 33 minutes to the power plant (Fig. 2). 

The water then flows by gravity through the condensers, where· 

its temperature is raised a.maximum of 8.3°C, into a- l km long 

sea level discharge canal which h.as a time of passage of 

· ·· approximately 28 minutes. · The· cooling water encounters a 

constriction at the discharge canal mouth~ which. boosts its 

velocity to 1. 8 m. sec-1, causing turbulent· mixing of the 

cooling water with the ri~er water. On ebbing tides the plume 

hugs the shore downstream from the discharge and elongates, 

while on flooding tides it is oriented upstream and remains 

more.compact. 

. - I 
I 
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FLOOD 

Figure 2. 

I Km 

X-SAMPLING STATIONS 

Surry Power Station cooling water canal system 
·showing in-plant sampling stations. 
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Methods 

Station Loc~tio~s 

Table 1 and Fig·ure 3 show the locations of the phytoplankton 

and zooplankton sampling stations used in the river study. The 

intake canal was sampled at its upstream and downstream ends, 

while the discharge canal·was sampled near the highway bridge 

about 0.8 km upstream from the canal mouth (Flg. 2). The 

benthos and fouling plate stations are shown in Table 2 and 

Figure 4. 

Sampling and Sample Analysis Methods · 

Phytoplankton samples were accompanied by samples for 

determinations of chlorophyll~ concentration, salinity, 

and-dissolved oxygen concentration. Water temperature and 

Secchi Disk transparency were measured at each station. A 

non-metallic 2-liter Van Dorn bottle was used for sampling 

of phytoplankton and related parameters. Phytoplankton samples 

were preserved with Lugol's iodine solution, and cell counts 

and identificatio~s were performedusing the inverted micro­

scope method. Chlorophyll.~ samples were preserved with 

mercuric chloride (40 mg/1), and stored in opaque bottles on 

ice until return to the laboratory. They were then filtered 

through glass fiber filters, which were subsequently ground 

in 90% acetone to extract the chlorophyll a. The chlo~ophyll 
' . . . -

concentration in the extract.was determined using a Turner 

Fluorometer, model 111. 
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Table 1 

Plankton Sampling Station Locations 

Station Depth (m:) 

DWS 2 

Intake 1 
8 

HPS 5 

HPW3 2.5 

HPW2 3 

HPWl 1 

Discharge 2.5 

CBE 1 

CBC 3 

JI 8 

Intake Canal 
Uptake and Downstream 

Discharge Canal 

Location 

Adjacent to tower (QK Fl Lt "A") 

Outside intake forebay - zooplankton sampling 
Inside intake forebay - phytoplankton sampling 

Adjacent to tower (QK Fl Lt II C") 

Adjacent to tower (QK Fl Lt "D") 

Adjacent to tower (QK Fl Lt "E") 

Off west shore of Hog Point, midway between HPS 
and discharge 

Discharge canal mouth 

Off west shore of Gravel Neck, south of discharge 

Midway between discharge and range markers near 
Cobham Wharf 

Adjacent to tower (QK Fl Lt "G") 

Within Surry power plant intake canal (sampled 
by VEPCO personnel) 

Within Surry power plant discharge canal (sampled 
by VEPCO personnel) 
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nautical miles 

Figure 3. Plankton sampling stations 
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Station 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

DWS 

CBN 

CBS 

8 

Table 2 

Benthos and Fouling Plate Station Locations 

Depth (m) 

1.5 

2.5 

1 

3 

.-3 

1 

1 

4 

1 

4 

5 

.5 

1 

6 

1 

2 

2 

2.5 

3 

Location 

Off tower (QK Fl 38 ft.) near Co9ham Wharf 

Cobham Bay, off Chestnut Bluffs 

Cobham Bay, between mouths of College Run and 
Lower Chippokes Creek 
. 
Center of Cobham Bay 

Tower (QK Fl Lt "E") 

In Thorofare off marker tower R "4" 

Cobham Bay, off Gravel Neck 

Tower (QK Fl Lt "F") 

West of Hog Point 

Between station 9 and black buoy ''45" 

Tower (QK Fl Lt "C") 

Off mouth of College Creek 

East of Hog Point, on line with black and white 
buoy "J29" 

Black and white buoy "J35" 

Off power plant intake 

Tower (QK Fl Lt "A") 

Tower (QK Fl Lt "A") 

Tower (QK F.1 Lt "D") 

Tower (QK Fl Lt "F") 
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Figure 4 . · Benthos and fouling plate stations. 
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Zooplankton samples were taken with a 12.5 cm diameter 
. . . . 

. Clarke-Bumpus ·quant.itative sampler., equipped with. a No. ·20 

(76p. pore size) net. Tow duration ranged from one minute· to 

five minutes,. depending on the turbidity conditions encountered. 

Sam.pl.es were preserved with 5% buffered formalin, and counts 

and identifications·were made using an Olympus dissecting 

microscope. Measurements of water temperature; salinity, 

· dissolved oxygen, Secchi Disk transparency, and water depth 

accompanied each zooplankton tow . 

. Benthos was sampled with a .05 m2 Ponar grab. The samples 

were sieved·through 1.0 mm and 0.5 mm mesh screens, and the 

organisms were preserved in a formalin solution containing the 

stain Phloxine B. Counts and identifications were m:ade under 

a dissecting ~icr~scope. 

Fouling organisms were collected on 125 x75 mm asbestos 

boards suspended in the river. Two pairs of·horizontal and 

vert.ical fouling plates were· suspended from a VEPCO instrument 

tower located at each station, one pair being ·replaced bi-

man thly, the . other pair yearly. .· The attached organisms were 

preserved by freezing, and were counted and identified under 

a dissecting microscope. 

Temperature measurements were performed using a Hydrolab 

model RT-125 research thermometer equipped with a model LS ASO 

thermistor probe. Salinity was measured on a Beckman model 

RS-7B salinometer. Dissolved oxygen concentrations were 

determined by the azide modification of the Winkler technique. 
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On June 29 a sediment sample was taken at each benthos sampling 

station for determination of particle size distribution and or-. 

ganic matter content. This was done in-order to provide an updated 

basis for retaining or revising the station groupings employed 

in depicting the spatial distributions of the benthic organisms 

irt relation to sediment type.· The samples were taken with a 

K.B.(B) type heavy duty corer with a 20 inch (50.8 cm) long, 2 inch 

(5.08 cm) inside diameter core tube (Wildco Model 2400). The 

top 15 cm segment of each core was extruded in the field into a 

plastic bag and stored on ice. In the laboratory the contents 'of 

each bag were homogenized and approximately 10 g of the wet homo­

genate were weighed into a tared crucible for determination of 

organic content by loss on ignition. .Ignition was performed for 

• one hour at 500°C. A second aliquot of each wet homogenate was 

screened through a 63µ pore size sieve for separation into a 

sand fraction ()63,,u) and a silt-clay fraction (<63,,u). ·The rela­

tive oven dry weights (105°C) of these fractions were obtained. 

A third aliquot was wet sieved in the same manner. The sand frac­

tion of this aliquot-was dried (125°C) and its particle size 

distribution was obtained using the VIMS Rapid Sand Analyzer 

(Zeigler et al., 1960). 

The particle size distribution of the fine particle fraction was 

obtained using a Coulter Counter model TA(EJ (Coulter Electronics, 

Inc.}. The fine and coarse size distributions were combined 

graphically, and from the graphs the sand, silt, and clay per­

centages for each benthos station were obtained. 
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Sampling Design 

The sampling dat.es, stations, and biological parameters 

sampled are shown ;i.n -Table 3. Phytoplankton and zooplankton 

samples,fcir investigation of entrainment effects were taken in 

the intake and discharge .canals by Surry Power Plant personnel. 

In all, eight complete plankton runs, including replicated sampling 

of surface phytoplankton, chlorophyll.!., and zooplankton at ten 

river stations and of phytoplankton and zooplankton at three ca:nal 

stations, were performed during the study year.· 

Benthos sampling was performed quarterly during the winter, 

spring, and fall, and monthly during the summer. Two samples· 

were taken per station pe~ sampling run. 

All of the fouling plates were recovered on schedule in 1978. 

e . The annual plates were taken along with the bimonthly pla.tes on 

June 29. 

Data Presentation and Analysis 

The raw data for each section of the study are presented 

in .. an appendix. Most of the plankton data have been subjected 

to an analysis of variance,· followed by Student-Newman-Ketils' 

test (Steel and Torrie, 1960) to identify significant differences 

among sampling stations. Log or square root transformations were 

performed when necessary to normalize the data prior t.o analysis. 

Within the body of the report, data summaries are presented, which 

include parameter means .and which depict differences that are 

significant at at least the .05 level. 



Table 3 

Summary of Biological Sampling Effort; sampling dates, stations sampled, 
and types of samples taken (Ph = phytoplankton, C = chlorophyll a, Z = zooplankton, 

· B = benthos, F = fouling organisms) -

Date (19 78) 

Plankton Stations 2 - 28 4 - 18 5 - 23 6 - 20 7 - 11 8 - 23 9 - 19 · 11 - 14 

IMS Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,c,z 
Intake Ph, C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z i>h,C,Z Ph,C,Z 
HPS Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z· Ph,C,Z Ph,C,Z Ph~C,Z 
HPW3 Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z 
HPW2 Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z 

· HPWl Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph, C, Z Ph,C,Z Ph ,C,Z Ph,C,Z 
Discharge Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph, C,Z 
CBE Ph,C,Z Ph,C,Z Ph, C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph·, C,Z 
CBC Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph·,C,Z 
JI Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z I-' 

w Intake Canal Ups trm. Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z 
Intake Canal Dns trm. Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z · 
Dis charge canal Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z 



Tab le 3 (continued) 

Date (1978) 
Benthos Stations 1 - 18 4 - 10 6 - 13 7 - 12 8 - 7 10 - 18 

1 B B B B B B 
2 B B B B B B 
3 B B B B B B 
4 B B B B B B 
5 B .B B B B B 
6 B B B B B B 
7 B B B B B B 
8 B B B B B B 
9 B B B B B B 

10 B B B B B B 
11 B B B B B B 
12 B B B B B B 
13 B B B B B B 
14 B B B B B B t-' 

~ 
15 B B B B B B 
16 B B B B B B 

Date (1978) 
Fouling Plate Stations 2 - 28 5 - 3 6 - 29 8 - 23 10 - 18 12 - 29 

DWS F F F F F F 
CBN F F F F F F 
CBS F F F F F F 



l..) 

The benthos data presented in this report include only the 

tit organisms recovered on the 1. 0 mm mesh screen, which is the 

sieving device that was used in all preceding years of the studi. 

The data for the 0.5 mm sieve organisms will be included in a· 

subsequent co~pilation of the Surry study data . 

. e 

-
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Results - Plankton Studies 

Data Presentation 

16 

The hydrographic data for the plankton sampling runs are 

presented in Appendix Table Al. The raw biological data are in 

appendix B, Table Bl (chlorophyll a) and Table B2 (total phyto­

plankton cell counts). The river tidal and water temperature 

conditions on the plankton sampling dates are sunmtarized in 

Table 4, while the phytoplankton and zooplankton analysis of 

variance results are presented.in Tables 5-20. 

Phytoplankton Distribution Patterns 

On the phytoplankton ANOVA sunnnary tables (Tables 5-12) 

station means for. chlorophyll.!, total cell counts, and individ­

ual species cell counts are listed in ascending order. Means 

not sharing an underline are significantly different at the 

.05 level according to Student-Newman-Keuls' test. 

Many of the significant differences detected by the variance 

analyses could be attributed to longitudinal gradients of phyto­

plankton abundance in the. segment of the James River included in 

the. study. · Species that wei:-e most abundant toward the downstream. 

limit of the study area included Skeletonema costatum, Chaetoceros 

sp., and Asterionella japonica in February; Skeletonema costatum 

and Rhizosolenia minima in June; Cyclotella meneghiniana in 

July; and Skeletonema costatum in August .. The opposite longitu­

dinal pattern was exhibited by Melosira subsalsa in May, Melosira 

sp. in July~ and Skeletonema costatum in September. 
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Table 4 

Environmental Conditions During Plankton Sampling Runs, 1978 

Date Tide Surface Discharge Temp. Discharge No. of Stations 
Salinity minus Surface Power Plant Affected 

Range Intake Temp. Temp. Units by 
(

0 /oo) ( DC) (,oc) Operating Plume 

Feb. 28 LWS-Flood .37- 2.89 8.8 12.70 2 CBE, CBC ,HPWl ,RPS 

Apr. 18 Ebb .08- 2.64 7.0 21.20 2 HPWl ,RPS, HPW2 

May 23 Flood .07- .34 6.4 28.10 L CBE, CBC,HPWl 

June 20 Flood • 73- 3. 35 5.9 32.35 1 CBE,HPWl 

July 11 Flood 1. 24- 5. 29 5.4 32.20 1 CBE,HPWl,HPS 
. t-' 
-...J 

Aug. 23 · Flood 1. 24- 6.21 9.0 37.50 2 CBE, CBC ,HPWl,HPS 

Sept, 19 Flood 3.95- 8.47 8.6 34,70 2 CBE,CBC,HPWl 

Nov. 14 Flood 6.99-11. 33 8.1 23.30 2 CBE,CBC,HPWl 
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In addition to longitudinal gradients, there were also 

distributions. showing maximum abundance_ at one or two individual 

stations in the study area .. For example; Katodinium rotundatum 

and the 16 f Chroomonas sp. were most numerous at DWS in February, 

the Cyclotella meneghiniana population. density was highest at· 

- DWS in June, and the· 2· f flagellate. was most abundant at CBE in 

July. 

In the cooler months of the year, the ,Surry Power Station 

affected the phytoplankton community in the vicinity.of the 

discharge mainly by contributing organisms transported from the 

intake area. This pattern was apparent for Skeletonema costatum 

in February, Nitzschia verm.icularis in 1',pril, and Amphiprora.sp. 

in November. This type of·transport also occurred in the sum:ner, 

for Gyrosigma sp. in August and September. In these two months 

there were-also species that declined in abundance or actually 

disappeared from the cooling water as it flowed from the intake 

to the discharge canal mouth. The two species of Chroomonas 

showed this pattern in both months; Katodinium rotundatum and 

the 3 f flagellate showed l~sses in September. No similar declines 

were exhibited by these species in November. 

One organism, that occurred in the. study for the first time 

in the 1978 samples, appeared to originate in the embayment 

at the upper end of the intake canal. It was observed in the 

August and September canal samples, and is designated as a. 

2. 5 f flagellate in Tables 10 and 11. It was probably a zoospore 

or gamete released by algae attached_to the intake canal walls. 
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Zooplankton Distribution Patterns 

The zooplanktori ANOVA results appear in Tables 13-20. As 

with the phytoplankton results, population density means are listed 

in ascending order, .and means that are ,not significantly different 

(.05 level) are joined by underlines. 

In most of the sampling months,. but particularly in September 

and November, there were species that were distributed uniformly, 

according to the statistical test, throughout the study area. 

Most of the distributions that were not uniform involved longi­

tudinal gradients of population densities within the study area. 

These included higher population densities toward the upstream 

limit of the study area: · Bosmina sp. in February;· Eurytemora sp., 

Acartia sp., cyclopoid copepods, and Bosmin:a sp. in April; copepod 

nauplii, rotifers, and Bosmina sp. in May; copepod nauplii, cyclo­

poid copepods, Bo:s:mina sp., and· other cladocerans in June; Bosmina 

sp. in July; and cyclopoid copepods, Bosmina sp., and other 

cladocerans in August. Distributions in which higher population 

densities appeared at the downstream-most stations were observed 

for copepod nauplii and barnacle nauplii in Apl:"il,. barnacle nauplii 

and polychaete larvae in May, and barnacle nauplii in August. In 

addition, two atypical longitudinal·distributions appeared: 

rotifers in June were more abundant at the upstream-most and down­

stream-most stations than at intermediate stations, and copepod 

nauplii in February, and copepod nauplii·and polychaete larvae· 

in July were most abundant at intermediate stations. 
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The power plant influenced the composition of the zooplankton 

on the.discharge side of Hog Point mainly by introducing water 

richer or poorer in .a . certain species· than the receiving water. 

Organisms that were transported through the cooling water canal 

system from an area of high population,density at the power plant 

intake into an area of lower populat:ion density near the discharge· 

included barnacle nauplii in July and polychaete larvae in Feb­

ruary, April, June, and August. There was an apparent production 

of barnacle nauplii in the canal system in May, June, and November. 

In two of the sampling months 'there was an apparent reduction in 

numbers of a particular species in the water passing through the. 

canals: copepod nauplii in August andAcartia sp. in September. 

In areas of the river beyond the readily indentifiable cooling 

. water plume, however, these power plant effects bec·arne rapidly obscured 

by.the natural upstream-downstream variations in zooplankton 

population densities that are typical of the study area. 



Table 5 

James River Phytoplankton ANOVA Sununary 2..-28-78 

Parameters Stations and Means 
(Stations not sharing an underline a_re significant],y different, <l ~.05) 

Chl ~ <Jig•i-1) CBE HPWl CBC JI HPS HPW3 h-PW2 DWS INT . Dis. 
1.5 1.7 1. 7 1.8 1.8 2.0 2.1 2.3 2.3 3.0 

Total cells (cells•ml-1) HPW2 HPW3 JI CBC HPWl CBE HPS DWS, INT ICU DC !CD -Dis. 
127 1-?7 192 235 352 356 397 474 721 871 1061. 1166 1296 

· 8 p Chroomon'.1s sp. (cells·mi-1)_ Dis. CBC HPW2 HPS DWS . HPW3 CBE INT JI HPWl· DC ICD ICU 
7 9 10 11 12 15 15 16 18 22 23 24 24 

16 J1 Chroomonas sp. (cells·ml-1) HPW2 JI ICU . HPW3 · !CD DC CBE HPS INT Dis. CBC HPWl DWS 
1 2 2 4 4 4 5 6 7 8 8 9 28 

Katodinium rotundatum HPW3 HPW2 JI HPS DC CBC HPWl Dis. ICU INT CBE ICD DWS 
(cells•ml-1) 0 0 1 7 · .. 7 8 11 11 12 13 14 14 47 

. t,.:; 

Cyclotella sp.l(cells•ml-1) 
~ 

CBE .JI . ICD CBC HPWl DWS HPS ICU DC INT . HPW3 HPW2 Dis. 
0 0 1 2 3 4 5 5 5 6 9 11 11 

Cyclotella meneghiniana HPW2 . HPW3 DWS HPS Dis. rnr HPWl CBE CBC DC rep ICU JI 
(cells·m1-I) 0 1 2 2 2 3 3 4 8 8 9 10 10 

Cyclotella ~p.2(cells·ml-1) ICU I_CD DWS INT DC HPS CBE CBC Dis. HPWl HPW3 JI HPW2 
4 5 6 8 8 9 11 11 12 14 15 15 28 

Skeletonema costatum (cells•m1-l) HPW2 HPW3 JI CBC HPWl CBE HPS INT . ICU DWS DC ICD Dis. 
44 80 86 121 192 225 296 507 610 703 791 954 1051 

Chaetoceros sp. · (c~lls·ml-1) HPW2 -· HPW3 JI HPS CBC CBE HPWl INT Dis. ICU ICD DC DWS 
2 5 5 20 -21 34 41 76 89 105 ],_09 119 137 



Table 5 (cont.) 

James River Phytoplankton ANOVA Summary 

Parameters Stations and Means 
(Stations not sharing an underline are significantly 

Asterionella iaponica HPW3 HPW2 JI CBC CBE DWS HPS 
(cells•ml-) · 0 0 0 3 4 6 6 

Ankistrodesrnus sp. (cells· rni-1) HPW3 INT HPWl Dis. DC HPW2 ICU 
0 1 1 1 1 3 4 

Cryptornonas sp. (cells·rnl-1) DWS CBE HPW3 HPWl HPS INT ICU 
0 0 1 1 2 2 2 

2-28-78 

different, a~ .05) 

DC HPWl INT 
7 8 14 

HPS CBC CBE 
5 5 6 

CBC ICD Dis. 
3 3 3 

ICD ICU 
19 25 

JI ICD 
6 6 

DC JI 
5 6 

Dis. 
36 

DWS 
8 

HPW2 
11 

N 
N 

I 
. I 

I 
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Table 6 

James River Phytoplankton ANOVA Summary 4.,...18-78 

Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a. < • 05) 

Chl ~ (pg·C1) RPWl DWS CBE HPW3 HPS CBC JI HPW2 Dis. INT 
1.2 1.2 1.4 1.5 1.8 1.8 2.0 2.2 2.6 2.6 

Total Cells (cells·ml-1) HPW2 HPWl DC ICD CBE DWS ICU CBC JI INT HPS HPW3 Dis. 
698 698 736 776 828 912 1189 1190 1280 1318 1383 1383 1576 

8 p Chroomonas sp. (cells •m1-l) Dis. CBC JI HPWl CBE HPS. HPW2 DWS DC ICD ICU HPW3 INT 
26 26 26 39 39 52 64 78 78 78 90 90 232 

16 p Chroomonas -1 HPW2 HPW3 HPWl Dis. sp. (cells•ml ) CBE CBC JI DWS DC RPS ICD ICU INT 
0 0 13 13 13 13 26 32 52 90 90 104 129 

5 u Cryptophyte (cells•ml-1) RPWl DC INT HPW2 ICU ICD DWS JI Dis. CBE CBC HPS HPW3 
I 52 52 104 116 130 130 148 181 232 246 258 284 375 

N 
L,.) 

Melosira subsalsa (cells·mi-1) JI RPS HPW2 RPWl CBE HPW3 DWS ICU CBC INT ICD DC Dis. 
26 52 64 64 64 90 116 116 130 155 168 207 232 

Cyclotella meneghiniana INT CBE DWS Dis. HPS DC ICD ICU RPW2 HPWl RPW3 CBC JI 
(cells •m1-I) 0 0 26 52 64 78 90 103 129 129 142 206 284 

Nitzschia kUtzingiana (cells·ml-1) DWS ICU ICD DC CBE INT HPWl HPWZ Dis. RPW3 RPS JI CBC 
39 78 78 90 103 104 129 130 130 181 207 298 336 

Nitzschia vermicularis HPW2 HPW3 CBE CBC JI DWS DC RPWl H?S ICU INT ICD Dis. 
(cells•ml-1) 0 0 0 0 0 .5 4 6 7 7 11 11 17 

Ankistrodesmus sp. CBE CBC ICD DC HPW2 INT JI HPS HPW3 DWS ICU HPWl Dis. 
(cells•ml-l) 13 13 13 13 39 52 65 78 90 91 155 156 232 

3 )1 Flagellate (cells•ml-1) DWS ICD DC HPS HPWl' HPW2 INT ICU HPW3 CBC CBE JI Dis. 
13 13 26 39 39 52 78 78 90 90 104 129 207 
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Table 7 

James River Phytoplankton .ANOVA Summary 5-23-78 

Parameters Stations and Means 
(Stations· not shari11g an underline are significantly different, a ~.05) 

Chl i! (µg• rl) CBE HPWl ·Dis. INT JI CBC . ms HPS HPW2 HPW3 
5.9 6.9 1.0 7.2 8.5 8.8 10.2 10.4 i3.0 15.7 

Total cells ·(cells~ml-1) DC "Dis. ICD ICU HPWl HPS INT CBE ms CBC HPW2 JI HPW3 
3671 3891 4292 4589 4602 4654 497) 5158 5868 6050 7962 8260 15,175 

8µ Chroomonas sp. (cells•mrl) HPS DC CBC ICU DWS ICD HPW2 INT Dis. JI HPWl HPW3 CBE 
110 181 207 207 233 298 310 · 362 375 400 414 .530 568 

20µ Cryp tomonas ( cells • ml -1) DC HPW3 ICU ·IMs Dis. ·HPW2 INT ICD HPS. CBE JI HPWl CBC 
0 13 13 26 26 52 78 78 78 104 104 116 130 

N . I 

5µ Cryptophyte (cells·m1-l) Dis. DC HPW3 ICU GBE JI ICD HPS IMS INT HPW2 CBC HPWl 
.p... 

18 18 36 55 73 74 91 91 110 128 128 128 146 

Melosira subsalsa (ceu~·~mFl) Dis. ICU INT DC ICD HPWl HPS CBE IMS CBC HPW2· JI HPWJ 
1616 .1628 1732 1771 2055' 2172 2508 2702 3322 3916 5688 6024 12,604 ... 

Nitzschia kutzingiana JI Dis. CBE CBC HPW3 DC HPWl DWS HPS HPW2 ICD INT ICU 
( cells ·m1-l) 543 608 620 698 736 788 866 918 918 995 1124 1512 1797 

Cyclotella meneghiniana ICU ICD · HPS DC JI INT HPW2 Dis. CBC CBE HPW3 HPWl DWS 
( cells ·ml -1) 272 362 388 400 517 543 633 686 698 711 724 736 853 
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Table 8 

Jrunes River Phytoplankton ANOVA Summary 6-20-78 

P arrune ters Stations and Means 
(Stations not sharing an underline are significantly different,~ ~.05) 

Chl .!!. (µg•1-l) HPW2 Dis. CBE HPWl CBC HPW3 DWS JI INT HPS 
2.8 3.7 3.8 3.8 3.8 4.1 5.1 5.4 6.2 7.0 

Total cells ( cells ·mrl) HPS DC ICD Dis. CBC HPW3 HPW2 HPWl DWS CBE ICU INT JI 
1332 1344 1460 1784 1848 1848 1862 2443 2921 3116 3180 3244 3374 

8µ Chroomonas sp. ( cells •mi-1) DC !CD HPS Dis. INT HPW2 ICU HPW3 DWS CBC HPWl CBE JI 
181 194 246 259 375 466 478 492 517 672 802 1034 1318 

Melosira subsalsa ( cells ·mrl) ICD Dis. HPS CBC INT HPWl HPW2 IMS ICU DC HPW3 CBE JI 
0 52 104 142 142 155 156 156 194 194 349 362 362 

I",) 

U1 

Skeletonema costatum HPW3 CBC JI CBE DWS DC ICD HPS HPWl Dis •. HPW2 INT ICU 
( cells ·m1-Ir 0 0 ·o 13 52 65 90 104 130 246 246 426 568 

Cyclotella meneghiniana HPS CBC Dis. DC ICD HPW2 HPW3 HPWl INT CBE ICU JI DWS 

( cells ·m1-l) 194 323 388 426 517 543 582 595 698 840 892 995 1577 

Nitzschia kutzingiana DC DWS SL HPWl CBE ICD Dis. CBC HPW2 ICU HPW3 HPS INT 

( cells ·mi-1) 64 129 142 155 168 194 220 232 246 258 272 298 · 414 

Rhizosolenia minima ( cells •mr1) JI HPW3 CBC HPW2 HPWl DWS DC CBE HPS Dis. ICD ICU INT 
0 13 13 90 194 130 155 181 181 388 414 -478 556 

3µ Flagellate (cells. mrl) DWS HPS HPW3 HPW2 ·Dis. CBE · ICU JI ICD CBC DC INT HPWl 
0 13 13 13 26 26 26 39 39 52 52 78 90 



Table 9 

James River Phytoplankton ANOVA Summary 7-11-78 

Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a ~.05) 

Chl ~ <jig·l-l) Dis. JI CBE CBC RPS RPWl HPW2 Int. RPW3 DWS 
5.6 6.3 6.8 7.6 7.8 8.0 8.6 9.0 11.0 11. 3 

-1 Total cells (cells·ml ) ICD DC Dis. CBC JI CBE ICU RPW2 HPW1 RPS Int. RPW3 DWS 
4373 5512 5746 5980 6074 6463 6968 7522 7779 7909 8314 9311 10705 

8 f Chroomonas sp. (cells·ml-1 ) Int. DC ICU Dis. RPW3 RPS HPW2 ICD RPWl CBE DWS JI CBC 
233 388 388 388 414 440 492 517 646 698 698 750 776 

16 f Chroomonas sp. 
-1 

(cells·ml ) JI CBC RPW3 Int. HPS Dis. ICD DC ICU HPW2 DWS HPWl CBE 
0 52 78 78 129 129 155 181 181 181 258 272 284 

P;yramimonas sp. (cells·ml-1) Dis. ICD DC CBE CBC RPW3 Int. JI DWS ICU HPW2 HPWl RPS 
0 0 0 26 103 129 155 181 207 207 232 284 388 N 

CJ'\ 

Skeletonema.costatum (cells•ml-1) CBE DC JI CBC ICD HPWl ·Dis. RPS RPW2 ICU Int. DWS HPW3 
268 600 634 857 926 1053 1170 1332 1602 1926 2808 2872 2958 

C;yclotella meneghiniana HPW3 ICD JI Dis. RPS DC CBC HPWl CBE RPW2 ICU DWS Int. 
(cells•ml-1) 542 543 568 594 672 .698 698 750 904 905 1215 1293 1422 

Melosira subsalsa (cells•ml-1) Int. HPW2 Dis. ICU ICD DC CBC DWS HPS CBE HPWl JI . HPW.3 
0 0 0 0 0 0 1008 1086 1163 1525 1551 1732 2301 

Melosira sp. (cells•ml-1 ) DWS Int. HPW2 Dis. ICU ICD DC CBE. HPWl HPS CBC JI HPW3 
0 0 0 0 0 0 0 58 108 155 394 502 524 
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Table 9. (cont.) 

James River Phytoplankton ANOVA Summary 7-11-78 

Parameters Stations and Means 
(Stations not sharing an underline .are significantly different, 

Rhizosolenia minima (cells•mi-1) JI CBC HPW.2 Dis. HPW3 DC !CD Int. 
129 284 310 465 465 646 647 698 

AmEhiErora sp. (cells•ml-1) CBE JI DWS HPW2 HPS ICU Dis. CBC 
0 0 2 4 4 5 5 .. 6 

3 J1 Flagellate -1 HPWl CBE CBC HPW3 DWS HPW2 !CD JI (cells·ml ) 
0 0 0 26 52 52 78 130 

2, Flagellate (cells•ml-1) !CD Int. .HPWl ICU DC HPWJ DWS 'Dis. 
130 155 194 258 259 310 336 362 

ct ~-05) 

ICU CBE DWS 
724 1112 1215 

DC !CD Int •. 
7 8 10 

HPS ICU Irit •. 
155 1603 1784 

JI CBC HPW2 
388 543 543 

HPS 
1318 

HPWl · 
12 . 

DC 
2172 

HPS 
543 

HPWl 
1576 

HPW3 
13 

Dis. 
2172. 

CBE 
956 

N 
-...J 
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Table 10 

James River Phytoplankton .ANOVA Summary 8-23-78 

Parameters Stations and Means 
(Stations not sharin_g an underline are significantly different, a ~.05) 

Chl ..! (µg· r 1> Dis. CBC DWS JI HPWl HPW3 INT HPW2 CBE HPS 
3.8 3.8 4.3 5.5 5.9 5.9 6.0 6.1 6.4 6.5 

Total cells ( cells •mrl) Dis. 
.. 
DWS DC !CD ICU JI .INT HPS HPW3 HPWl CBC CBE- HPW2 . 

2212 2496 2516 2994 3064 4251 4436 4666 4674 5490 6070 6218 6702 

8µ Chroomonas sp. ( cells ·mrl) Dis. .. DC ICU IMS HPS HPWl INT !CD JI HPW2 CBE HPW3 CBC 
0 13 65 116 116 155 168 194 220 258 272 298 646 

16µ Ch roomonas sp. ( cells •mi-1) .Dis. HPW3 HPW2 CBC DC JI HPS HPWl CBE !CD ! IMS ICU - INT 
13 26 26 26 39 52 64 65 78 90 129 168 246. 

N 

(cells •ml-1) 
(X) 

Pyramimonus sp. JI CBC CBE DC · · HPW2 HPWl Dis. HPS HPW3 IMS ICD ICU INT 
0 39 64 90 103 103 116 142 168 181 194 582 594 

Skeletonema costatum CBE CBC JI - DWS HPW2 !CD Dis. DC HPWl HPW3 INT HPS ICU 

(cells· ml-1) 307 476 593 691 724 770 804 1016 1066 1158 1192 1292 1374 

Gyrosigma sp. (cells •mrl) HPW2 CBE JI CBC HPWl RPS HPW3 Dis. DC IMS !CD ICU. INT 
0 .50 .50 2 3 4 4 4 5 6 9 12 17 

Cyclotella meneghiniana DC HPW3 ICD IMS INT HPW2 Dis. .ICU HPS JI CBC HPWi CBE 
( celis •m1-l) 13 26 52 104 104 104 116 130 207 220 - 272 478 504 

Ni tzs chi a sp. (cells·mr1) oos JI HPS Dis. ICU DC !CD HPW2 HPWl INT CBC HPW3 CBE 
26 26 39 78 78 78 78 103 116 142 i42 156 168 

2µ Flagellate ( cells •m1-l) HPW3 JI DC CBC ICD DWS HPS Dis. HPW2 HPWl INT CBE ICU 
0 o. 52 64 116 116 155 155 181 272 284 349 828 
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Table 10 (continued) 

James River Phytoplankton ANOVA Sununary 8-23-78 

Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a ~.05) 

3µ Flagellate (cells·m1-l) JI DWS CBE CBC HPWl HPW2 RPS HPW3 ICU Dis. INT DC ICD 
0 13 13 13 39 90 207 246 272 710 711 866 878 

12µ Flagellate (cells'ml-1) DC DWS Dis, ICU INT ICD JI CBC CBE HPWl HPW2 RPS HPW3 
0 13 13 39 116 116 220 310 400 492 556 569 634 

2.5µ Flagellate (cells'ml-1) DWS INT RPS HPW3 HPW2 HPWl Dis, CBE CBC JI DC ICD ICU-
0 () 0 0 0 0 0 0 0 0 324 762 15,214 

. 

N 
\.0 
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Table 11 

James River Phytoplankton ANOVA Summary 9-19...:78 

Parameters Stations and Means 
(Stations not sharing an underline are significantly dif:l;erent, a. ~.05) 

-1 HPW2 HPW3 Chl ~ (pg•l ) DWS HPWl CBE CBC HPS JI Int. Dis. 
1. 7 1.8 2.0 2.5 2.6 2.6 2.8 3.2 3.3· 3.7 

Total cells (cells •ml -1) DC RPS RPW2 CBC Dis. !CD DWS CBE HPWl JI RPW3 ICU Int. 
880 1270 1286 1378 1524 1567 1774 · 1883 1894 2034 2143 2804 3643 

8 }1 Chroomonas sp. (cells·mC1) CBC JI DC RPS HPW3 HPW2 Dis. !CD HPWl DWS ICU CBE Int. 
103 142 155 155 155 181 232 · 258 336 356 388 414 853 

16 f Chroomonas sp. (cells•ml-1)_ ICD DC Dis. HPS TCU CBC HPW3 HPW2 CBE JI · HPWl Int. DWS 
0 0 0 13 26 39 65 78 90 104 129 181 181 

5 )1 Cryptophyte (cells. mi-1) JI CBE DC HPS HPWl CBC !CD HPW3 . HPW2 Dis • ICU DWS !pt. 
26 39 52 52 52 90 104 116 129 129 129 181 517 

u.: 

(cells ·ml-1) 
C 

Pyramimonas sp. DC RPS CBC ICD Dis. JI HPW2 . HPWl HPW3 DWS Int. ICU CBE 
0 26 26 78 78 90 116 130 130 136 ... 155 284 336 

Katodinium rotundatum (cells•ml-1) ICU DC !CD Dis. RPS. CBC RPW2 HPWl DWS CBE JI Int. HPW3 
0 26 26 26 39 52 103 116 207 272 ' 336 · 362 375 

Skeletonema costatum (cells·ml-1) DC ICD .rcu . Dis .. Int. .DWS HPW2 CBE HPWl HPS CBC 'HPW3 JI 
11 30 39 47 114 155 246 298 440 466 582 853 918 

Nitzschun longissirna (cells •rni-1) HPW3 JI HPWl me CBE DWS HPW2 RPS Int. DC · ICD Dis. ICU 
4 13 16 90 90 116 129 155 258 310 336' 440 672 

Gyrosigrna sp. -1 (cells·ml ) JI HPW3 CBE liPWl CBC HPW2 HPS DC !CD ICU Dis. DWS Int. 
1.5 10 12 14 18 24 . 41 61 63 76 78 84 232 
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Table 11 (cont.) 

James River Phytoplankton ANOVA Sununary 9-19-78 

Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a ~.05) 

3 p Flagellate (cells ·mC1 ) Dis. RPS CBC HPW2 DWS DC CBE JI HPW3 HPWl ICD ICU Int. 
0 39 52 64 65 78 90 90 104 116 181 336 362 

Gymnodinium sp. -1 (cells·ml ) HPW3 CBC JI HPWl HPW2 DC CBE ICD RPS Dis. ICU DWS Int. 
.5 2 4 6 7 7 9 10 14 24 39 74 76 

2.5 f Flagellate (cells•ml-1) DWS Int. RPS RPW3 HPW2 HPWl CBE CBC JI DC ICD Dis. ICU 
0 0 0 0 0 0 0 0 0 646 1137 1732 2792 
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Table 12 

James River Phytoplankton ANOVA Summary 11-14-78 

Parameters Stations and Means 
(Stations not sharing an underline are significantly different, ct ~.05) 

-1 
HPW2 Chl ~ <tg· l ) DWS HPWl CBE CBC HPS JI Int. Dis. HPW3 

1. 7 1.8 2.0 2.5 2.6 2.6 2,8 3.2 3.3 3.7 

Total Cells (cells.ml-1) HPW3 HPW2 CBE HPWl ICD DC Dis. RPS JI ICU CBC Int. DWS 
569 814 846 853 853 853 904 924 938 950 996 1022 1164 

8 p Chroomonas sp. 
. -1 

HPWl HPW3 HPW2 (cells·ml ) CBE HPS JI DC Dis. ICD DWS Int. ICU CBC 
84 90 97 103 110 110 116 129 129 155 168 181 207 

16 )1 Chroomonas -1 HPWl HPW3 HPS HPW2 sp. (cells·ml ) CBC CBE DC ICD Int. JI Dis. ICU DWS 
58 97 110 122 142 148 148 174 194 206 213 226 · 349 

5 u Cryptophyte (cells·ml-1) Int. HPW3 ICD CBE ICU DC JI Dis. HPS HPW2 DWS HPWl CBC 
I 20 58 65 71 71 71 78 104 110 129 142 174 188 

w 
(cells ·ml -l) 

N 
P}':ramimonas sp. HPWl Dis. HPW3 HPW2 ICD HPS DWS CBC· Int. JI ICU CBE DC 

6 20 26 26. 26 32 46 46 52 58 58 97 97 

Katodinium rotundatum (cells·ml-1) HPS HPW3 HPW2 ICU CBE CBC DWS DC ICD Dis. JI Int. HPWl 
0 0 13 13 20 20 26 32 46 52 71. 78 116 

Skeletonema costaturn (cells •ml-1 ) HPS HPW2 HPW3 HPWl CBC CBE JI ICD Int. DWS ICU DC Dis. 
6 6 26 26 26 48 52 58 58 71 71 90 155 

Nitzschia longissirna (cells·rnl-1) CBE CBC HPWl DC Dis. DWS HPW2 JI ICU ICD HPW3 Int. HPS 
20 20 26 39 46 52 78 84 84 84 129 148 168 

AmEhiErora sp. -1 (cells.ml ) HPWl CBE HPW3 JI CBC HPW2 HPS DWS Dis. DC ICU ICD Int. 
0 0 1 1 2 2 2 3 4 4 5 5 6 

3? Flagellate (cells •rn1-l) HPW3 ICD Int. ICU Dis. DC HPS DWS HPW2 CBC JI HPWl CBE 
20 32 39 52 58 84 116 129 181 181 200 238 272 



Table 13 

James River Zooplankton ANOVA Summary 2-28-78 

Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a ~-05) 

Copepod nauplii (No. /100 1) CBE ICU INT JI DC IMS HPW2 CBC ICD Dis. HPW3 HPS HPWl 
67 100 113 117 128 131 134 161 173 196 272 282 413 

Barnacle nauplii (No./100 i) CBE DC ICU INT HPW2 JI HPWl CBC IMS ICD HPW3 Dis. HPS 
5 5 9 9 9 10 11 12 13 16 17 18 20 

Polychaete larvae (No. /100 1) JI HPW2 CBE CBC HPW3 IMS HPWl ICU DC HPS Dis .• INT . ICD 
3 5 19 22 23 24 50 60 62 62 69 72 88 

Eu!Ytemora sp. (No. /100 1) CBE HPS HPW2 JI INT HPWl Dis. CBC DC: HPW3 ICU DWS ICD 
6 12 18 24 24 26 30 33 33 36 39 46 54 

l,J 
l,J 

Acartia sp. (No. /100 1) HPS INT CBE CBC· DWS HPW2 JI HPWl HPW3 Dis. ICU: DC ICD 
0 .6 .7 .8 . 8 2 ·2 3 4· 6 7 9 28 

Rarpacticoid copepods (No./100 1) CBE DC HPW2 JI Dis. UJT. .HPS CBC HPWl DWS HPW3 ICD ICU 
0 0 .6 2 4 5 5 5 5 6 8 9 12 

Cyclopoid copeppds (No./100 1) DC RPS CBE HPW2 JI Dis. INT CBC ICU HPWl ICD RPW3 DWS 
0 2 3 4 5 7 7 7 9 10 14 16 26 

Rotifers (No./100 1) IMS CBE INT CBC HPW2 HPS JI Dis. ICD HPW3 DC ICU RPWl 
0 6 9 10 16 16 24: 30 39 39 40 46 48 

Bosmina sp. (No./100 1) DWS INT Dis. ICD CBE HPW2 RPS DC CBC RPW3 ICU RPWl JI 
0 0 0 0 . 7 1 2 2 2 3 4 4 4 
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Table 14 

James River Zooplankton ANOVA Summary 4-18-78 

P araineters Stations and Means 
(Stations not sharing an underline are significantly different, a. s;.05) 

Copepod nauplii (No. /100 1) JI RPW3 RPWl CBE DC CBC RPW2 DWS RPS INT Dis. · ICU ICD 
472 . 523 699· . 808 1097 1484 1592 1620 -1902 2051 2291 4454 .4795 

Barnacle naup lii (No. /100 1) JI DC CBE CBC RPW3 RPWl ICD Dis. RPW2 ICU DWS RPS INT 
5 12 34 57 73 74 114 122 172 174 210. 288 360 

Polychaete larvae (No. /100 1) DWS DC RPW2 JI HPS "Dis. CBE RPWl ICU CBC ICD RPW3 INT 
.65 36 · 40 44 67 71 97 106 107 111 149 167 189 

Eurytemora sp. (No./100 i). CBE DC Dii:;. IMS RPWl INT RPS RPW2 ICU CBC RPW3 ICD JI w 
74 130 153 175 225 234 315 377 406 465 · 469 522 632 +' 

Acartia sp. (No./100 1) CBE DC . Dis. DWS INT ICD RPW2 RPS ICU JI RPWi CBC RPW3 
13 15 20 36 43 51 62 66 68 76 82 87 124 

Rarpacticoid copepods (No. /100 1) CBE JI CBC RPW3 DWS INT ICU pis. DC . , RPWl, RPW2 RPS ICD 
6 18 18 · 26 26 33 38 : 50 52 71 12S· 129 557 

Cyclopoid copepods (No./100 1) CBE DC RPS INT RPW3 ICD. IMS ICU Dis. RPWl RPW2 CBC JI 
5 6 8 12 15 15 17 23 23 30 33. 40 61. 

Rotifers (No./100·1) INT RPS DC llPWl ICU CBE DWS JI RPW3 CBC RPW2 ICD Dis. 
1 2 3 4 6 6 7 7 8 9 10 11 22 

Bosmina (No. /100 1) DWS DC ICU Dis. ICD INT RPWl HPS !CBE HPW2 CBC RPW3 JI 
.6 .9 .9 1 2 4 5 6 8 18. 19 24 42 
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Table 15 

James River Zooplankton ANOVA Summary 5-23-78 

Parameters Stations and Means 
(Stations not sharing an underline are significantly different, Cl ~.05) 

Copepod nauplii (No. /100 1) HPW2· DC ICD INT ICU HPWl DWS Dis. HPS CBE CBC HPW3 JI 
34 41 197 521 641 700 832 996 1242 1916 1950 1975. 2454 

Polychaete larvae (No. /100 1) HPW2 · Dis. CBE CBC JI DC ICD HPWl ICU HPW3 HPS IN'.I; DWS 
0 0 0 () 0 0 2 6 8 22 40 .127 1059 

• 
Eurytemora sp. (No./100 1) ICD HPW2 DC DWS INT ICU . HPWl Dis. CBE HPW3 CBC' HPS JI 

10 13 20 41 44 63 67 \ 76 96 109 152' 201 280 

Acartia sp. (No. /100 1) DC ICD HPW2 CBE HPW3 DWS JI HPWl INT Dis. HPS CBC ICU 
• 85 2 4 6 7 11 12 15 19 20 22 22 24 

. l,.J 
IJ1 

Harpacticoid copepods (No. /100 1) CBE JI HPW2 HPWl DC ICU Di.s. DWS CBC INT HPW3 ICD HPS 
4 6 8 10 14 17 20 24 27 31 31 32 131 

Cyclopoid copepods (No. /100 1) HPW2 IMS CBE DC ICD HPW3 HPWl JI ,HPS ICU INT CBC Dis. 
·7 24 36 41 50 105 124 162 169 195 2-37 279 1683 

Rotifers (No./100 1) DC ICD HPW2 ICU Dis. INT CBE HPS HPWl DWS CBC HPW3 JI 
4 6 14 15 . 99_ 112 153 173 181. · .354 432 1495 2159 

Bosmina sp •. (No. / 100 1) HPW2 DC DWS ICD CBE HPWl Dis. HPS INT HPW3 ICU . CBC JI 
11 23 49 73 100 182 195 225 238 243 '254 264 291 

Barnacle nauplii (Nq, /100 1) JI CBC CBE Dis. HPWl HPW2 HPW3 HPS Int. l'CD DC ICU DWS 
0 0 0 0 0 0 0 0 0 0 ~ 9_. 1.8. 7.7 



Table 16 

James River Zooplankton ANOVA Sunnnary 6-20-78 

Parameters Stations and Means \ 
(Stations not sharing an underline are significantly differ~nt, et·~ • 05) 

Copepod nauplii (No. / 100 1) DC ICD HPWl CBE Dis. ICU CBC HPS DWS HPW2 HPW3 INT JI 
332 524 1973 2246 2689 2825 4352 6672 6839 7742 8557 8619 18531 

Barnacle nauplii (No./100 1) HPW3 HPW2 INT JI RPS CBE CBC DWS HPWl ICD DC ICU Dis. 
0 0 15 16 24 42 46 47 90 196 206 211 400 

Polychaete larvae (No,/100 1) JI HPWl CBE RPW2 CBC RPW3 DC IUS 1ICD Dis. RPS ICU INT 
0 7 9 10 27 28 33 52 55 84 101 134 235 

Pelecypod larvae (No./100 1) ICD CBE ICU DC RPW3 RPWl · JI CBC Dis, DWS HPW2 RPS INT 
53 143 157 207 468 541 731 887 1250 1282 3372 3614 3827 

w 
Eurytemora sp. (No./100 1) ICD CBE DC HPWl ICU Dis. DWS RPW3 JI INT RPS CBC HPW2 °' 25 40 63 79 100 126 251 251 316 631 794 1000 1259 

Acartia sp. (No. /100 1) RPW3 CBE HPWl JI ICD DC Dis. DWS ICU CBC HPW2 RPS INT 
13 18 18 26 29 35 123 126 130 162 284 289 360 

I 
copepods (No./100 1) Harpacticoid CBE HPWl ICD ICU ·DC Dis. RPW2 IMS RPS HPW3 CBC INT JI 

2 4 14 16 16 20 20 22 34 53 62 68 93 

Cyclopoid copepods (No./100 1) ICU ICD. IMS DC Dis, INT CBC RPWl CBE RPS HPW2 JI HPW3 
2 3 3 5 8 . 15 24 27 64 74 93 123 247 

Rotifers (No./100 1) DC ICD CBE Dis. HPWl RPW2 ICU CBC RPS RPW3 DWS INT JI 
12 16 44 61 63 70 78 80 212 539 595 875 2181 

Bosmina_ sp. (No./100 1) OO'S RPS Dis. DC ICD HPWl ICU INT CBE CBC HPW2 JI. HPW3 
0 0 0 0 .9 6 7 15 20 42 53 84 244 
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Table 16 (continued) 

James River Zooplankton .ANOVA Summary 6-20-78 

Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a s.05) 

Other Cladocerans (No.flOO 1) ICD DC HPWl ICU DWS Dis. CBE HPS INT HPW2 CBC JI HPW3 
4 11 21 25 29 30 33 84 243 514 529 923 1584 

Gastropod larvae (No. /100 1) HPW3 rns HPW2 INT HPWl CBE CBC ICU ICD HPS JI DC Dis. 
0 1 3 8 13 14 26 26 27 30 32 33 51 



e 

Table 17 

James River Zooplankton ANOVA Summary 7-11-78 

Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a ~.05) 

Copepod nauplii (No. /100 1) ICU DC Dis. ICD JI ms INT HPW3 · CBC HPS HPWl CBE HPW2 
21 690 745 1287 1480 1772 1839 2194 2768 3687 3692 3952 4105 

Barnacle nauplii (No. /100 1) ICU JI ICD DC HPW3 HPW2 CBC INT CBE Dis. HPWl DWS HPS 
3 29 31 70 74 76 126 144 156 214 232 314 636 

Polychaete larvae (No. /100 1) ICU HPW3 DC JI ICD CBE INT CBC ms i:>is. HPW2 HPWl HPS 
.9 6 14 24 26 39 41 49 ·66 67 79 122 199 

Pelecypod larvae (No. /100.1) ICU DC ICD Dis. INT JI HPW2 CBC .. CBE HPWl HPS HPW3 IMS 
3 29 36 67 120 152 165 166 178 196 263 317 405 vJ 

00 

Eurytemora sp. (No. /100 1) · ICU ICD DC Dis. HPWl INT DWS HPS HPW3 CBE CBC JI HPW2 
3 3 4 73 111 150 197 261 . 259 327 690 736 1148 

Acartia sp. (No./100 1) ICU ICD DC HPWl . HPS Dis. CBE INT HPW3 CBC HPW2 JI DWS 
18 54 107 244 391. 441 441 504 544 605 834 . 874 918 

Harpacticoid copepods (No./100 1) INT ICU HPW3 ms HPS DC Dis. ICD CBE HPWl HPW2 CBC . JI 
0 .9 4 7 16 18 20 23 57 82 83 92 96 

Cyclopoid copepods (No./100 1) DWS · INT HPW3 Dis. DC ICU ICD HPS HPWl CBE CBC HPW2 JI 
0 0 0 0 3 4 4 11 .. 12 42 177 . 295 326 

Rotifers (No. /100 1) ICU DC INT HPS JI ICD CBE HPWl Dis. HPW3 HPW2 CBC IMS 
2 25 31 33 35 37 39 53 54 116 120 162 171 
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Table 17 (continued) 
. 

James River Zooplankton ANOVA Summary 7.-11-78 

Parameters ' Stat ions and Means 
(Stations not sharing an underline are significantly different, a ::;. 05) 

Bosmina sp. (No./100 1) :oos INT Dis. ICU !CD DC HPWl CBE HPW3 HPS JI HPW2 CBC 
0 0 0 0 0 0 ·4 18 20 21 97 . · 149 229 

Gastropod larvae (No. /100 1) HPW3 :oos JI HPWl ICU INT DC !CD HPW2 CBC Dis~ HPS CBE .·· 
0 21 21 28 35 52 58 61 70 99 100 100 166 
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Table 18 

James River Zooplankton ANOVA Summary 8-23-78 

Parameters Stations and Means 
(Stations not sharing an underline are significantly different,~ ~.05) 

Copepod nauplii (No./100 1) DC ICU ICD Dis. DWS HPS INT CBE HPWl CBC HPW3 HPW2 JI 
156 458 459 648 759 1114 1444 1691 2409 2917 3376 3598 3676 

Barnacle nauplii (No./100 1) HPW2 CBC RPW3 JI CBE ICD DC ICU RPS INT Dis. DWS HPWl 
3 5 8 11 29 46 55 59 92 94 112 267 280 

Polychaete larvae (No./100 1) CBC ir CBE RPW3 RPW2 RPS DC RPWl ICD ICU INT DWS · Dis. 
2 5 6 14 16 35 50 57 60 74 102 109 209 

Pelecypod l~rvae (No./100 1) DC ICD ICU HPS Dis. INT HPW2 JI DWS CBC CBE RPWl RPW3 
24 36 48 190 259 329 330 352 429 456 587 1104 1647 

~ 
·o 

Eurytemora sp. (No. /100 1) Dis, DC ICD RPS ICU CBE INT RPW2 RPWl CBC DWS RPW3 JI 
0 .9 2 6 7 8 23 28 31 41 60 100 120 

Acartia sp. (No./100 1) ICD RPS CBE DC HPW2 INT RPWl JI Dis. ICU CBC RPW3 DWS 
12 20 73 73 95 104 118 137 153 211 247 317 404 

Harpacticoid copepods (No./100 1) HPW2 RPS INT CBE DWS CBC ICU ICD RPW3 DC Dis. RPWl JI 
3 3 4 4 5 6 12 17 17 21 41 47 57 

Cyclopoid copepods· (No./100 1) INT Dis. DWS ICD ICU DC RPS CBE RPWl RPW2 RPW3 CBC JI 
0 0 1 3 3.5 4 6 10 63 83 99 215 390 

Rotifers (No. /100 1) DC ICU ICD RPW2 DWS Dis. HPW3 INT HPWl JI HPS CBC CBE 
10 22 26 97 116 150 204 205 212 335 340. 352 414 

Bosmina sp. (No. /100 1) DWS · INT Dis. ICU DC ICD RPS CBE RPWl RPW3 RPW2 CBC JI 
0 0 0 .9 .9 2 5 20 54 65 118 255 995 
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Table 18 (continued) 

James Rivet Zooplankton ANPVA si:umnary 8-23-78 

Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a ~.05) 

Other Cladocerans (No./100 1) INT · Dis. 
0 0 

Gastropod larvae (No. /100 1) HPW2 RPS 
6 9 

ICU 
0 

DC 
14 

DC 
0 

ICU 
15 

DWS 
3 

lCD 
18 

!CD 
6 

INT 
19 

CBE HPS 
12 20 

CBE 
25 

JI 
29 

HPWl HPW2 
31. 37 

HPW3 HPWl 
30 31 

CBC HPW3 JI 
108 ll6 192 

CBC 
41 

PWS 
44 

Dis. 
48 
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Table 19 

James River Zooplankton ANOVA Summary 9-19-78 

Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a 5.05) 

Copepod nauplii (No. /100 1) Dis. ... ··ICU DC !CD HPWl DWS HPW2 JI CBC CBE :J:NT HPW1 HPS 
738 843 1096 1164 1211 1296 1446 1532 1775 2411 2994 .. 3290 3861 

Barnacle nauplii (No. /100 l) DWS HPW2 ICU JI CBE HPS INT CBC !CD. HPW3. RPWl Dis. DC 
71 98 142 163 188 188 191 221· 259 280 297 · 354 ·. 460 

Polychaete larvae (No. /100 1) DWS CBE JI HPW2 Dis. CBC HPS HPW3 DC HPWl INT ICU !CD 
34 37 38 ·49. 76 79 · 80 88 92 109 - 117 190 226 

Pelecypod larvae (No./100 1) ICU·.·. IMS DC !CD Dis. INT. HPWl RPS HPW2 CBC CBE. .JI HPW3 
67 142 158 173 269 340 470 882 1278 1595 2045 3742 4730 

Eurytemora sp. (No. /100 1) INT RPW3 ·rcD· RPW2 ICU CBE DWS HPWl RPS DC Dis. CBC JI .p,. 
N 

0 o. 4 6· 1 8 10 12 13 16 23 .· 44 44 

Acartia sp. (No. /100 1) !CD CBE Dis. ICU DC HPWl HPW2 DWS CBC JI HPW3 INT HPS 
39· 87 133 152 238 241 270 431 606 666 847 .920 1323 

Harpacticoid copepods (No./100 1) INT HPS HPW2 ICU ms JI CBE DC !CD HPW3 HPWl CBC HPS 
0 0 0 0 2 3 .3 4 5 6 9 10 27 

Cyclopoid copepods (No./100 1) HPW2 Dis. !CD ICU DC · HPW3 IMS HPS HPWl CBE JI CBC INT 
0 0 0 4 4 5 6 7 9 9 10 · 15 19 

Rotifers (No./100 1) CBC Dis. RPW3 RPWl DC .DWS JI ICU !CD HPW2 HPS CBE INT 
66 66 88 120 120 124 139 141 164 264 339 442 762 

Gastropod larvae (No./100 1) IMS CBC CBE INT RPW2 DC HPWl !CD ICU JI Dis. RPW3 HPS 
11 13 14 19 22 23 29 30 35 54 68 .· 85 97 

Coelenterate medusae (No. /100 1) DWS ,HPS CBE DC HPWl HPW3 ICU CBC RPW2 JI Dis.·. INT !CD 
0 0 0 0 3 3 4 6 8 8 10 19 . 34 

'\. 
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Table 20 

James River Zooplankton ANOVA Smmnary 11-14-78 

Parameters Stations and Means 
(Stations not sharing an underline are si~ificantly different, a ~.05) 

Copepod riauplii (No./100 1) DC· ICD Dis. HPWl DWS HPS ICU CBC JI INT HPW2 CBE HPW3 
102 181 183 201 308 399 406 517 578 592 629 714 1088 

Barnacle nauplii (No./100 1) JI HPW2 HPW3 HPWl CBC CBE DWS HPS ICU INT DC ICD Dis. 
2 6 10 14 14 14 17 23 33 39 84 106 128 

Polychaete larvae (No./100 1) DC · HPWl ICD ICU Dis. DWS JI CBC CBE INT HPS HPW3 HPW2 
35 73 82 87 164 176 · 281 285 309 336 394 1092 1111 

Pelecypod larvae (No./100 1) INT DWS DC HPWl Dis. ICD ICU HPW2 HPS JI HPW3 CBE CBC 
4 5 5 6 10 16 21 24 29 29 39 43 49 

+' 
Eurytemora sp. (No. /100 1) INT HPS Dis. DC ICU JI ICD HPW3 HPWl HPW2 

w 
CBC DWS CBE 

0 0 0 0 .9 .2 2 3 3 5 10 11 41· 

Acartia sp. (No. /100 1) DC ICD Dis. CBE DWS ICU CBC HPWl INT . JI HPW3 .HPS i HPW2 
9 9 42 70 78 106 135 136 142 194 289 325 465 

Cyclopoid copepods (No./100 1) HPS HPW3 HPWl CBE .JI ICU oos CBC DC ICD HPW2 INT Dis. 
0 0 0 0 0 0 .6 .8 .9 2 3 4 10 

Rotifers (No. /100 1) DC DWS INT ICD ICU HPWl Dis. HPS CBC JI CBE · · HPW3 HPW2 
4 5 8 8 8 15 16 19 33 106 115 284 291 

Gastropod larvae (No./100 1) DWS INT HPS HPW3 HPW2 HPWl Dis. CBE ICU JI CBC DC ICD 
0 0 0 0 0 0 0 .7 .9 1 3 4 5 
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4't Results - Benthos Studies 

Data Presentation · 

The hydrographic data associated w:i.th the 1978 benthos sampling 

runs appear in Appendix Table A2. The .benthos biological data 

are in Appendix C, Tables Cl-C6 (species counts) and C7-Cl2 (diver­

sity indices). 

Benthos Distribution Patterns 

The 1978 spatial distributions for the major.benthic organisms 

of the study area are presented in Table 21. ·In this table the 

stations have been organized into three groups, based on the results 

of tli.e sediment analyses performed in June (Table 22). Within 

the sediment groups control stations. and stations ·at locations 

potentially under the influence of the power plant plume are 

indicated. 

The 1978 spatial distributions·of several of the benthic 

species.were similar to distributions observed in previous study 

years (Jordan et al. 1977, 1978). Four of the six stations where 

Congeria.leucophaeta was found (Table 21C) had a clayey-silt 

substrate, and three of the six stations were influenced by the 

plume. Heteromastus filiformis (Table 21!) was also found mainly 

at plume stations, particularly at.station 11 where·it had been 

most abundant in the 1977 study. Leptocheirus plumulosus (Table.21N), 

which had shown an apparent avoidance of. the.plume in three previous 

study years (Jordan et al. 1977, 1978), was collected least fre­

quently at plume stations 8 and 11 in 1978. 

Species that were collected more frequently at sandy stations 

were Corbicula manilensis (Table 21E) and Lepidactylus dytiscus 
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(Table 21M).' Species that were more numerous in the finer sediment 

types included Rangia cuneata, Scolecolepides viridis, Gammarus sp., · 

Leptocheirus plumulosus, and Cyathura ·polita (Tables 21 A, G, K, 

N, and O, respect.ively). 

The overall abundance of Rangia cuneata in the 1978 benthos 

samples was lowest in April (Figure 5). The total number collected 

· was 52, just one more than the total for April 1977 which was the 

lowest number of Rangia collected since the study began in 1969. 

The low point in 1977 followed an obvious winter kill, that was 
. 

revealed by large numbers· of decomposing individuals present in 

the March 1977 samples (Figure 5). Neither the January nor the 

April 1978 samples contained recently deceased Rangia. The only 

evidence that low winter temperatures in 1978 may have adversely 

affected ·the Rang:i,.a .. population in the study area is the observation 

that the total numbers of individuals collected during the study 
. . 

year at the control stations were generally lower than the total 

numbers collected at the plume. stations, for the two fine sediment 

groups (Table 21A). Thus there is a suggestion of a·positive effect 

of the power plant plume on Rangia survival in 1978. 
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Table 21 

.Seasonal and Spatial Distributions of Major Benthic Animals - 1978 

A, Rangia cuneata (No, per 0,1 m2) 

Date 1 

Jan. 18 4 
Apr. 10 3 
June 13 4 
July 12 3 
Aug. ·7 13 
Oct. 18. 4 
Total 31 

Sand 
Control 

3 12 

·3 13 
1 
4 1 
1 
3 14 
8 3 

20 31 

Plume 

15 I 7 

2 
1 1 
2 7 

13 6 
9 7 
5 3 

30 26 

B, Rangia cuneata (g per O, l m2) 

Date 

Jan. 18 
Apr. 10 
June 13 
July 12 
Aug. 7 
Oct. 18 
Total 

1 

1.60 
2,72 
1. 72 

.03 
6.66 

Sand 
Control 

3 12 

.62 8,64 
, 76 
.04 ,90 
.42 
.03 .03 

3.86 1.06 .03 

15 I 
,02 
.05 
.74 
, 17 
.03 

16.59 2.93 9,601.01 

Plume 

7, ' 

1.68 
,73 

1.92 
1.96 
3,96 
1. 25 

11.50 

Subs tr ates and Station Numbers 

Sand-Silt-Cllay 
Control Plume 

5 6 16 I 9 11 

9 1 8 3 13 
2 6 1 3 

2 28 6 4 3 
1 22 5 5 
8 10 15 6 18 

13 7 6 ·4 36 
33 70 46 18 78 

Substrates. and Station Numbers 

(Sand-Silt-Clay) 
Control 

5 6 16 I 9 

1. 72 1.15 2.52 .04 
1.40 1. 74 ,48 

• 20 7.90 1. 83 ,63 
.02 12.23 3.15 

Plume 

11 

.-99 
1.11 
1.27 
1.62 

13 

5 

15 
6 

26 
6 

58 

13 

1,70 

.04 
• 64 

.22 3.73 3.30 7.16 3.41 
,19 2,73 .65 .80 2.52 1.85 

2.35 29.14 13.19 1.95 14.67 7.64 

Clayey-S:l.lt · 
Control · Plume 

2 10 14 I 4 8· 

13 13 7 
4 1 1 19 9 
4 4 13 6 
9 3 9 
3 16 15 21 

10 4 2 10 17 
43 21 7 73 69 

( ciayey-S il t) 

Control Plume 

2 10 14 I 4 8 

5.67 4.0.4 1.82 
L68 ,14 .02 5.45 3.81 
1.06 • 72 3.89 .54 
5,16 • 65 . 1.29 
1.47 .10 2.95 1.83 
3.37 .03 .01 1. 78 2.16 

18.41 .27 .75 18. 76 11.45 

Total 

94 
52 

103 
83 

184 
138 
654 

Total 

32.1 
20.0 
22.7 
27,9 
35.0 
22.3 

9 
6 
1 
1 
2 
2 

160.2 1 
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Seasonal 

c. Congeria leu·cophaeta (No. 

Sand 
Control 

Date 1 3 12 15 

.Jan. 18 
Apr. 10 
June 13 
July 12 
Aug. ·7 
Oct. 18 3 

Total 0 0 3 0 

D. Macoma mit-chelli (No. per 

Date-

Jan. 18 
Apr. 10 
June 13 
July 12 
Aug. 7 
Oct. 18 

Total 

1 

1 

1 

Sand 
Control 

3 12 

2 

0 2 

15 

1 

1 

e 

Table 21 (.continued). 

and.Spatial Distributions of Major Benthic Animals - 1978 

per 0.1 m2) 

Plume 

I 7 

0 

0.1 m2) 

Plume 

I 7 

1-

· .. 

1 . 

Substrates .and Station Numbers 

Sand-Silt-Clay 
Control Plume 

5 6 16 I 9 11 

1 

0 0 0 0 1 

Substrates and Station Numbers 

5 

2 

2 

(Sand-Silt-Clay) 

Control 

6 16 I 9 

2 

1 
2 

1 4 0 

Plume 

11 

5 

7 

12 

Clayey-Silt 
Control Plume 

13 2 10 14 ·1 4 

1 

3 
1 1 

0 0 1 3 2 

(Clayey-Silt) 

. Control · · Plume 

13 2 10 14 I 4 

2 2 1 1 

1 2 
12 

3 2 15 0 1 

e 

8 Total 

0 
l· 
0 
0 

1 4 
7 13 +:'-

-....J 

8 18 

8 Total 

19. 
0 
0 
0 
4 

22 

0 45 
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Table 21 (continued) 

Seasonal and Spatial Distributions of Major Benthic 

E. Corbicula manilensis (No. per O. l m2) 

·sand 
Control Plume 

Date 1 3 12 15 I 7 

Jan. 18 
Apr. 10 1 
June 13 
July 12 3 
Aug. ·7 
Oct. 18 2 

Total 0 0 6 0 0 

F. Hydrobia sp. (No. per 0.1 m2) 

Date 1 

Jan. 18 
Apr. 10 1 
June 13 
July 12 
Aug. 7 
Oct. 18 

Total 1 

Sand 
Control 

3 12 

2 

4 

4 2 

15 

3 

3 

. 
Plume 

I 7 

1 

1 

.. 2 

Substrates and Station Numbers 

Sand-Silt-Clay 
Control Plume 

5 6 16 I 9 11 

1 

0 0 0 0 1 

Substrates and Station Numbers 

5 

17 

17 

(Sand-Silt-Clay) 
Control 

6 16 I 
2 

1 

1 2 

Plume 

9 11 

5 
2 

0 7 

13 

0 

13 

0 

Animals - 1978. 

Clayey-Silt 
Control Plume 

2 10 14 I 4 8 Total 

1 
1 
0 
3 

1 1 
2 .p. 

00 

0 0 0 0 1 8 

(Clayey-'Silt) 

Control Plume 

2 10 14 I 4 8 Total 

. 7 

7 32 
5 
0 

1 3 
0 

0 0 1 7 0 47 



Table 21 (continued) 

Seasonal and Spatial Distributions of Major Benthic Animals - 19 78 

G. Scolecolepides viridis (No. per 0.1 m2) 

Date 1 

Jan. 18 
Apr. 10 
June 13 
July·l2 
Aug .. 7 
Oct·. 18 
Total 0 

Sand 
Control 

3 12 

1 
1 

1 

1 2 

Plume 

15 .I. 7 

1 1 
3 

1 

1 ~ 

5 4 

H. Nereis succinea (No. per 0,1 m2) 

Date 1 

Jan. 18· 2 
Apr. 10 5 
June 13 
July 12 
Aug. 7 2 
Oct. 18 1 

Total 10 

Sand 
Control 

3 12 

17 
2 1 

3 1 
5 19 

Plume 

15 I 7 

1 
2 

1 
15 

4 15 

' 

Substrates and Station Numbers 

Sand-Silt-Clay 
Control Plume 

5 6 .16 I 9 11 

1 3 
2 1 2 

13 7 3 25 
2 30 4 1 25 
1 1 3 1 
4 3 5 1 1 

22 41 14 5 57 

Substrates and -Station Numbers 

5 

0 

(Sand-Silt-Clay) 
Control 

6 16 I 
3 
3 

3 1 
1 
1 

3 9 

Plume 

9 11 

4 
1 

6 2 

6 7 

Clayey-Silt 
Control Plume 

13 2 10 14 r 4 8 

1 
1 1 2 
4 5 3 

' 2 9 6 
7 2 

8 2 5 1 18 9 

(Clayey-Silt) 
Control Plume 

13 2 10 14 I 4 8 

1 1 2 6 
1 6 
1 
1 
2 
4 1 1 1 

10 1 1 3 0 13 

• 

Total 

6 
12 
63 
81 
15 
17 

194 

Total 

37 
21 

5 
2 
6 

35 
106 



. Table 21 ( continued) . 

Seasonal and Spatial Distributions of Major Benthic Animals - 1978 

I. Heteromastus filiformis (No. per 0, 1 m2) 

Date 1 

Jan, 18 
Apr. 10 
June 13 
July 12 
Aug. '1 
Oct. 18 

Total 0 

Sand 
Control 

3 12 

.0 0 

Plume 

15 I 7 

1 

1 0 

J, Oligochaetes (No, per 0,1 m2) 

Date 1 

Jan. 18 
Apr, 10 
June 13 
July 12 1 
Aug. 7 
Oct. 18 

Total 1 

Sand 
Control 

3 12 

1 

0 1 

Plume 

15 I 7 

1 
3 

0 4 

Substrates and Station Numbers 

Sand-Silt-Clay 
Control Plume 

5 6 16 I 9 11 

3 
1 2 

4 
5 
4 

16 

1 0 0 0 34 

Substrates and Station Numbers 

(Sand-Silt-Clay) 

Control Plume 

5 6 16 I 9 11 

1 

1 
1 

4 3 
1 

4 5 0 0 2 

Clayey-Silt 
Control Plume 

13 2 10 14 I 4 8 
' .. 
1 . 2 

2 
2 

4 0 0 0 3 0 

· (Clayey-Silt) 

. Control Plume 

13 2 10 14 I 4 8 

1 

1 2 5 

1 0 .3 0 5 0 

Total 

4 
5 
5 
7 
6 

16 

43 

Total 

2 
1 
1 
2 

16 
4 

26 

VI 
.0 
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Table 21 (continued) 

Seasonal and Spatial Distributions of Major Benthic Animals - ~978 

K. Gammarus sp. (No. per 0.1 m2) 

Subs tr ates and Station Numbers 

sand-Sil relay Clayey-Silt Sand 
Control Plume Control Plume Control Plume 

Date 1 3 12 15 I 7 5 6 16 I 9 11 13 2 10 14 I 4 8 

Jan. 18 1 ,. 1 
Apr. 10 1 1 
June 13 1 3 
July 12 11 1 
Aug. ·7 1 1 1 
Oct. 18 

Total 1 0 0 0 0 1 11 0 0 2 0 1 1 1 5 0 

L. CoroEhium lacustre (No. per 0.1 m2) 

Substrates and Station Numbers 

Sand 
(Sand-Silt-Clay) (Clayey-Silt) 

Control Plume Control Plume Control Plume 

Date 1 3 12 15 I 7 5 6 16 I 9 11 13 2 10 14 I 4 8 

Jan. 18 1 1 
Apr. 10 1 
June 13 1 1 
July 12 1 3 106 3 
Aug. 7 1 3 1 1 9 1 1 5 1 
Oct. '18 10 1 
Total 0 0 12 1 6 1 107 1 10 0 0 1 1 6 1 5 

• 

Total 

2 
2 
4 

12 
3 
0 

23 

Total 

2 
1 
2 

113 
23 
11 

152 



Table 21 (continued) 

Seasonal and Spatial Distributions of Major Benthic Animals - 1978 

M, Lepidactylus dytis cus (No. per 0.1 m2) 

Substrates and Station Numbers 

Sand-Silt-Clay Clayey-Silt Sand 
Control Plume Control Plume Control Plume 

Date 1 3 12 15 I 7 5 6 16 I 9 11 

Jan. 18 2 1 
Apr. 10 3 4 6 3 6 
June 13 2 1 1 
July 12 3 3 6 
Aug. ·7 3 9 
Oct. 18 2 5 
Total 0 13 17 2 6 3 0 0 18 1 

N. Leptocheirus plumulosus (No. per 0.1 m2) 

Date 1 
I 

Jan. 18 
Apr. 10 
June 13 1 
July 12 4 
Aug. 7 1 
Oct. 18 
Total 6 

Sand 
Control 

3 12 

2 

2 
5 
2 4 

7 8 

15 I 

25 
1 

12 
7 

45 

Plume 

7 

4 
6 
4 
1 

15 

Substrates and Station Numbers 

(Sand-Silt-Clay) 

Control 

5 6 16 I 
1 1 

25 3 
12 29 

1 19 17 
5 8 13 

6 65 63 

Plume 

9 11 

1 
5 
1 
4 

10 1 

13 

0 

13 

8 
8 

23 

39 

2 10 14 I 

1 

0 0 1 

(Clayey-Silt) 

Control 

2 10 14 I 
1 

10 1 
25 20 

2 7 3 
7 1 10 

44 9 34 

4 8 

1 

0 1 

Plume 

4 8 

8 1 
13 
11 2 
10 

42 3 

Total 

3 
23 

5 
12 
12 

7 

62 

Total 

5 
1 

93 
124 
112 

62 

397 

u, 
N 
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Table 21 (continued) 

Seasonal and Spatial Distributions of Major Benthic Animals - 19 78 

0. Gyathura polita (No. per 0.1 m2) 

Substrates and Station Numbers 

Sand-Silt-Clay Clayey-Silt Sand 
Control Plume Control Plume Control Plume 

Date 1 3 12 15 I 7 

Jan. 18 2 
Apr. 10 1 
June 13 
July 12 2 
Aug. ·7 

Oct. 18 2 

Total 0 0 4 3 0 

P. Dipteran larvae (No. per 0.1 m2) 

Date 1 

Jan. 18 
Apr. 10 
June 13 
July 12 
Aug. 7 
Oct. 18 

Total 0 

Sand 
Control 

3 12 

1 

0 1 

Plume 

15 I 7 

0 0 

5 6 16 I 9 11 

1 3 

1 
3 
3 2 

3 

0 6 4 0 6 

Substrates and Station Numbers 

(Sand-Silt-Clay) 

Control 

5 6 16 

1 

1 

0 2 0 

Plume 

I 9 11 

0 0 

13 

1 
1 

13 

0 

2 

3 
1 

1 
1 
1 
7 

2 

1 
1 

2 

10 14 I 
1 2 
1 

1 3 
2 

3 7 

(Clayey-Silt) 

Control 

10 14 I 

0 0 

4 8 

1 1 
1 

1 
2 

3 

5 4 

Plume 

4 8 

1 

1 

1 1 

Total 

14 
4 
2 
8 

13 
9 

50 

Total 

2 
3 
0 
2 
0 
0 

7 
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Table 22 

Benthos Station Sediment Characteristics June 29, 1978 

Station Loss on Sand Silt Clay 
No. Ignition ()63p.) (4p -63f) ( (4f-') 

Sediment type (%) (%) (%) (%) 

Sand 1 1.23 97.6 0.5 1.9 
3 0.35 98.8 0.4 0.8 
12 0.27 99.6 0.2 0.2 
15 2.34 91.3 6.0 2.7 
7 0.49 97.5 1.4 1.1 

Sand-silt- 5 5.55 50.7 33.8 15.5 
clay 6 6.52 36.7 37.3 26.0 

16 8.14 52.8 23.0 24.2. 
9 3.31 33.5 37.0 29.5 
11 2.21 77.2 12.0 10.8 
13 1. 86 68.9 17.3 13.8 

Clayey silt 2 8.74 25.4 40.8 33.8 
10 8.56 13.6 43.9 42.5 
14 9.32 5.8 47.2 47.0 
4 9.67 12.0 56.4 31. 6 
8 9.17 7.0 49.0 44.0 
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Results - Fouling Organisms Study 

The 1978 fouling organism data appear in Tables 23-25. Very 

few organisms were found on the plates exposed during the January­

February and March-April periods.· The May-June plates at station 

DWS were densely colonized by barnacles, while only a few appeared 

on the CBS plates and none were present on the CBN plates exposed 

during this period. Colonization by Corophium lacustre was 

distinctly more dense on the annual than on the May-June bimonthly 

plates recovered at stations CBS and. CBN. 

During the- second half of the year colonizati.on by barnacles 

and Corophium lacustre was the most dense in the July-August period 

at station CBN, in the September-October period at station CBS, 

and was similarly dense in these two periods at station DWS. 

Congeria leucophaeta occurred in small numbers on the July­

August and September-October plates from station DWS. This species 

exhibited higher population densities at the other two stations, 

and was especially abundant on the horizontal plate recovered from 

station CBN in August. The November-December plates from all 

stations yielded a few barnacles, but the most numerous species 

on most of the plates was Corophium lacustre. Ectoprocts were 

present on plates recovered from all three stations in the second 

half of the year, but occurred most consistently and achieved the 

densest coverage at station DWS. 

The differences observed among the fouling plate stations 

appear to relate to the locations of the stations relative to the 

longitudinal salinity gradient of the James River. Seasonally, 
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colonization by barnacles commenced first at the downs trea.,,;..mos t 

(highest salinity) station, DWS. Coincidentally this was the 

only river station at which barnacle nauplii were found in the 

zooplankton samples taken in }fay (Table 15). The presence of 

barnacle nauplii in the intake and discharge canal samples suggests 

that the barnacles attached to the May-June plates at CBS could 

have originated from larvae pw-nped through from the power plant 

intake or produced by adults residing in the cooling water canals. 

Ectoproct coverage was also greatest at Station DWS. Congeria 

leucophaeta, an oligohaline pelecypod (Wass et al. 1972), was 

least abundant at station DWS. The temporal patterns of fouling 

organism colonization at the two upstream stations, CB~, remote 

fro::1. the power plant, and CBS, near the discharge canal mouth, 

were si:nilar. The major quantitative differences between these 

two stations appeared on the September-October plates, which 

supported higher barnacle and Coroohiu:r. populations at CBS. This 

is the ~ajar possible power plant effect apparent in the 1978 

fouling plate data, and could relate to the attachment of barnacle 

larvae released from the power plant cooling canal system. The 

resulting establishnent of a large surface area, on and among the 

barnacle shells, would be favorable for subsequent Corophiu..TTI 

colonization. 
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Table 23 

Fouling Organisms 
1978 

Station DWS 

No. Organisms/dm2 
Horizontal. Plate Jan-Feb Mar-Apr May-Jun 

Barnacles Balanus sp. 113 
Bivalves Brachidontes recurvus 

Congeria leucophaeta 
Amphipods Corophium lacustre 523 

Leptocheirus plumulosus 
Gamrnarus sp. 8 

Polychaetes Nereis succinea 
Scolecolepides viridis 

Decapods Rhithropanopeus harrisii 
Ectoprocts Bowerbankia sp. 

Membranipora tenuis 
Hydro ids X X 
Dipteran Larvae 1 

Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 

Total No, of Organisms (not including 
Ectoprocts and Hydroids) 

Vertical Plate 

Barnacles 
Rivalves 

Amphipods 

?olychaetes 

Uecapods 
ic:,: toprocts 

Hydroids 
Dipteran Larvae 

Balanus sp. 
Brachidontes recurvus 
Congeria leucophaeta 
Corophium lacustre 
Leptocheirus plumulosus 
Gammarus sp. 
Nereis succinea 
Scolecolepides viridis 
Jthithropanopeus harrisii. 
Bowerbankia sp. 
~branipora tenuis 

1otal No. of Genera (not including 
Hydroids and Dipteran Larvae) 

Total No. of Organisms (not including 
Ectoprocts and Hydroids) 

0 

0 

0 

0 

0 

0 

1 

2 

1 

3 

3 

645 

318 

712 

40 

X 
4 

3 

1074 

Annual* 

89 

841 

1 

X 

3 

931 

531 

579 

7 

X 
5 

3 

1122 
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Table 23 (Cont.) 

Fouling Organisms 
1978 

Station DWS 

No. Organisms/dm2 
Horizontal Plate July-Aug Sep-Oct Nov-Dec 

Barnacles 
Bivalves 

Arnphipods 

Polychaetes 

Decapods 
Ectoprocts 

Hydroids 
Dipteran Larvae 

Balanus sp. 
Brachidontes recurvus 
Congeria leucophaeta 
Corophium lacustre 
Leptocheirus plumulosus 
Gammarus sp. 
Nereis succinea 
Scolecolepides viridis 
Rhithropanopeus harrisii 
Bowerbankia sp. 
Membranipora tenuis 

Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 

Total No. of Organisms (not including 
Ectoprocts and Hydroids) 

Vertical Plate 

Barnacles Balanus sp. 
Bivalves Brachidontes recurvus 

Congeria leucophaeta 
Amphipods Corophium lacustre 

Leptocheirus plumulosus 
Gammarus sp. 

Polychaetes Nereis succinea 
Scolecolepides viridis 

Decapods Rhithropanopeus harrisii 
Ectoprocts Bowerbanki~ sp. 

Membranipora_ tenuis 
Hydroicls 
Dipteran Larvae 

Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 

Total No. of Organisms (not including 
Ectoprocts and Hydroids) 

79 

16 
759 

X 
X 

4 

854 

29 

2 
233 

X 
X 

2 

5 

266 

59 

5 
280 

29 

3 

X 
X 

6 

376 

201 

4 
297 

1 
23 

X 
X 

6 

526 

10 

21 

2 

X 
X 

4 

33 

14 

1 
108 

X 
X 

2 

5 

125 



60 

Table 24 

Fouling Organisms 
1978 

Station CBN 

No. Organisms/dm2 
Horizontal Plate Jan-Feb Mar-Apr May-Jun 

Barnacles 
Bivalves 

Amphipods 

Polychaetes 

Decapods 
Ectoprocts 

Hydroids 
Dipteran Larvae 

Balanus sp. 
Brachidontes recurvus 
Congeria leucophaeta 
Corophium lacustre 
Leptocheirus plumulosus 
Gammarus sp. 
Nereis succinea 
Scolecolepides viridis 
Rhithropanopeus harrisii 
Bowerbankia sp. 
Membranipora tenuis 

Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 

Total No. of Organisms (not including 
Ectoprocts and Hydroids) 

Vertical Plate 

Bc1rnacles 
Bivalves 

i\Jnphipods 

Pu.lychaetes 

Decapods 
Cctoprocts 

lfydroids 
Dipteran Larvae 

Balanus sp. 
Brachidontes recurvus 
Congeria leucophaeta 
Corophium lacustre 
Leptocheirus plumulosus 
Gammarus sp. 
Nereis succinea 
Scolecolepides viridis 
Rhithropanopeus harrisii 
Bowerbankia sp. 
Membranipor~ tenuis 

total No. of Genera (not including 
Hydroicls and Dipteran Larvae) 

1'otal No. of Organisms (not including 
Ectoprocts and Hydroids) 

1 

X 
X 

2 

1 

1 

X 

1 

1 

2 
3 
1 

11 

3 

17 

1 
4 

X 
3 

2 

8 

156 

70 

X 
24 

2 

250 

150 
2 

24 

X 
22 

3 

198 

Annual 

476 

56 

X 
8 

2 

540 

18 

408 

135 

X 
24 

3 

585 
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Table 24 (Cont.) 

Fouling Organisms 
1978 

Station CBN 

No. Organisms/dm2 
Horizontal Plate July-Aug Sep-Oct Nov-Dec 

Barnacles 
Bivalves 

Arnphipods 

Polychaetes 

Decapods 
Ectoprocts 

Hydroids 
Dipteran Larvae 

Balanus sp. 
Brachidontes recurvus 
Congeria leucophaeta 
Corophium lacustre 
Leptocheirus plumulosus 
Gammarus sp. 
Nereis succinea 
Scolecolepides viridis 
Rhithropanopeus harrisii 
Bowerbankia sp. 
Membranipora tenuis 

Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 

Total No. of Organisms (not including 
Ectoprocts and Hydroids) 

Vertical Plate 

Barnacles 
Bivalves 

Arnphipods 

P<Jlychaetes 

TJecapods 
Ectoprocts 

Hydroids 
Dipteran Larvae 

Balanus sp. 
Brachidontes recurvus 
Cong~ leucophaeta 
~orophium lacustre 
Leptocheirus plumulosus 
Gammarus sp. 
Nereis succinea 
Scolecolepides viridis 
_Rhithropanopeus harrisii 
Bowerbankia sp. 
Membranipor~ tenuis 

Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 

Total No. of Organisms (not including 
Ec.toprocts and Hydroids) 

125 

295 
501 

1 
34 

X 
X 
1 

6 

957 

305 

101 
774 

22 

2 

X 
2 

5 

1206 

107 

83 
101 

3 
3 

10 

X 
X 

7 

307 

255 

23 
111 

1 

9 

X 

5 

399 

14 

5 
117 

59 

X 
X 

5 

195 

21 

2 

2 

X 
X 

4 

25 
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Table 25 

Fouling Organisms 
1978 

Station CBS 

No. Organisms/dm2 
Horizontal Plate Jan-Feb Mar-Apr 

Barnacles 
Bivalves 

Amphipods 

Polychaetes 

Decapods 
Ectoprocts 

Hydroids 
Dipteran Larvae 

Balanus sp. 
Brachidontes recurvus 
Congeria leucophaeta 
Corophium lacustre 
Leptocheirus plumulosus 
Gammarus sp. 
Nereis succinea 
Scolecolepides viridis 
Rhithropanopeus harrisii 
Bowerbankia sp. 
Membranipora tenuis 

Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 

Total No. of Organisms (not including 
Ectoprocts and Hydroids) 

Vertical Plate 

Harnacles 
l)ivalves 

,\mphipods 

T\ilychaetes 

Decapods 
Cctoprocts 

llydroids 
Dipteran Larvae 

Balanus sp. 
Brachidontes recurvus 
Congeria leucophaeta 
Corophium lacustre 
Leptocheirus plumulosus 
Gammarus sp. 
Nereis succinea 
Scolecolepides viridis 
Jhithropanopeus harrisii 
Bowerbankia sp. 
Membranipor~ tenuis 

Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 

Total No. of Organisms (not including 
Ectoprocts and Hydroids) 

0 

0 

1 

X 
X 

2 

1 

2 

0 

2 

5 

1 

1 

6 

May-Jun 

11 

33 

3 

X 
4 

3 

51 

3 

12 

2 

X 

3 

4 

20 

Annual 

1 

62 

65 

X 
27 

3 

155 

1 

28 
1 
3 

X 

11 

4 

44 
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Table 25 (Cont.) 

Fouling Organisms 
1978 

Station CBS 

No. Organisms/dm2 
Horizontal Plate July-Aug Sep-Oct Nov-Dec 

Barnacles 
Bivalves 

Balanus sp. 8 256 212 
Brachidontes recurvus 
Congeria leucophaeta 1 119 139 

Amphipods Corophium lacustre 56 606 1439 
Leptocheirus plumulosus 2 

3 Gammarus sp. 6 
Polychaetes 

Decapods 
Ectoprocts 

Nereis succinea 
Scolecolepides viridis 
Rhithropanopeus harrisii 
Bowerbankia sp. 

8 

1 4 

X Membranipora tenuis X 

Hydroids 
Di.pteran Larvae 

Total No. of Genera (not including 
Hydroids and Dipteran. Larvae) 

Total No. of Organisms (not including 
Ectoprocts and Hydroids) 

Vertical Plate 

Barnacles 
Rivalves 

Amphipods 

Pr:J Lychaetes 

D~'capods 
Ectopr0cts 

Hydroids 
Dipteran Larvae 

Balanus sp. 
Brachidontes recurvus 
Cong~ria leucophaeta 
Coropqium lacustre 
Leptocheirus plumulosus 
Gammarus sp. 
Nereis succinea ---
Scolecolepides viridis 
-~hithropanopeus harrisii 
Bowerbankia sp. 
Membranipor~ tenuis 

Total No. of Genera (not including 
Hydroi<ls and Dipteran Larvae) 

Total No. of Organisms (not including 
Ectoprocts and Hy<lroids) 

X 

5 

985 

148 

62 
387 

6 

X 

4 

603 

X 

7 

1804 

427 

30 
733 

12 

8 

X 
X 

6 

1210 

X 

5 

71 

11 

19 

3 

X 
X 

4 

33 
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Conclusions 

The major findings of previous study years (Jordan et al. 

1976, 1977, 1978), regarding the effects of the Surry Power 

Station cooling water discharge on the James River plankton and 

benthos populations, were again confirmed by the 1978 study. 

Negative entrainment effects were observed for both phytoplankton 

and zooplankton species in August and September, but reduced 

population densities of these species were not observed at river 

stations beyond the immediate discharge canal mouth. As in pre­

vious years barnacle nauplii were contributed to the river by 

the cooling water canals, and in this study year in particular 

there was a high population density of barnacles attached to the 

autumn fouling plates at the station closest to the discharge,· 

that may have reflected this contribution. In the summer 1978 

phytoplankton data there was an indication that the canals may 

also have been a source for the motile reproductive s_tages of an 

attached alga. 

In the benthos, an amphipod that had appeared to avoid the 

discharge plume in previous years exhibited this patt~rn again 

in 1978. The Rangia distribution suggested that the plume may 

have favored the survival of this species through the winter of 

1977-78. 
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Hydrographic Data Tables 



e e e 
Table Al 

James River Hydrographic Data 1978 

Plankton Sampling Runs 

Station 

Date Parameter DWS INTAKE HPS HPW3 HPW2 HPWl DISCHARGE CBE CBC JI 

2-28 Time (EST) 1013 1040 1109 1132 1152 1214 1235 1702 1638 1610 
Secchi Depth (cm) 17 23 21 17 18 22 21 21 19 17 

Sample Depth (m) 0 0 0 0 0 0 0 0 0 0 
Temp. (0 c) 3.45 3.95 7.35 4.20 3.55 6.65 12.70 8.10 5.50 3.60 
Sal. (0 /oo) 2.62 2.28 1.42 .64 . 37 1. 48 2.89 1.31 1.06 .43 
D.O. (mg/1) 11. 74 11. 64 10.92 12.07 12.01 11.62 11. 37 11.68 11.45 12.05 

Sample Depth (m) 1 3.75 2 1 1.5 1 1 1 1. 75 4 
Temp. (OC) 3.40 3.85 7.60 4.20 3.50 6.55 12.60 7.40 5.65 3.90 
Sal. (O/oo) 2.63 2.29 1.61 .63 .38 1.45 2.89 1.43 1.17 .53 
D.O. (mg/1) 11.80 11. 23 11.84 12.03 12.03 11.43 11.60 11. 56. 11. 66 11.80 

Sample Depth (m) 2 7.5 4 2 3 2 3.5 8 
Q'\ 
-...J 

Temp. (°C) 3.40 3.85 7.65 4.15 3.45 12.70 5.60 4.00 
Sal. (0 /oo) 3.07 2.29 1. 68 .65 .39 2.86 1.21 .64 
D.O. (mg/1) 11. 97 11.43 11.39 12.05 12.38 11.47 11.82 11. 74 

4-18 Time (EST) 1002 1032 1106 1137 1206 1233 1303 1329 1355 1426 
Secchi Depth (cm) 61 30 36 40 29 35 35 54 36 32 

Sample Depth (m) 0 0 0 0 0 0 0 0 0 0 
Temp. ~0 c) 14.20 14.15 15.90 14.90 15.90 16.10 21.20 15.00 15.40 15.20 
Sal. ( /oo) 2.37 2.64 1. 22 .42 .75 1.05 2.58 .44 .34 .08 
D.O. (mg/1) 8.94 8.56 8.64 8.94 8.64 8.48 8~54 8.62 8.46 8.50 

Sample Depth (m) 1 3.5 2 1 1.5 1 1 1.5 3.5 
Temp. (0 c) 14.20 14.15 15.80 14.90 15.80 16.80 21.20 15.40 15.05 
Sal. (0 /oo) 2.59 2.63 1. 22 . 81 .75 1. 09 2.60 .33 . 08 
D.O. (mg/1) 8.50 8.76 8.16 9.12 8.62 8.58 8. 72 8.70 8.76 

Sample Depth (m) 2 7 4 2 3 2 3 7 
Temp. (OC) 14.20 14.25 15.80 14.90 15.80 21. 05 15.40 15.05 
Sal. (O/oo) 4.51 2.80 1. 26 .26 .76 2.57 .34 .09 
D. O. (mg/1) 8.44 9.06 9.42 8.24 8.36 8. 96 8.58 8.50 



e 
Table Al (cont.) 

James River Hydrographic Data 1978 

Plankton Sampling Runs 

Station 

Date Parameter DWS INTAKE HPS HPW3 HPW2 HPWl DISCHARGE CBE CBC JI 

5-23 Time (EDT) 0956 1028 1101 1128 1149 1215 1242 1304 1351 1415 

Secchi Depth (cm) 27 31 21 31 23 30 25 44 43 34 

Sample Depth (m) 0 0 0 0 0 0 0 0 0 0 

Temp. (°C) 21.80 21. 55 21.85 21.40 21.80 23.55 28.10 23.10 22.00 21.80 
Sal. ( 0 I oo) .26 .30 .12 .07 .10 .16 .34 .11 .11 .09 
D.O. (mg/1) 7.38 7.64 7.24 7.82 7.58 7.86 7.10 8.02 7.32 8.16 

Sample Depth (m) 1 3.75 2.25 1.5 1. 75 1 1 1 1. 75 3.75 
Temp. (DC) 21.60 21. 50 21. 85 21.60 21.85 23.50 27.90 22.60 22.05 21.60 
Sal. ( 0 /oo) .26 .37 .11 . 08 .09 .17 .33 .12 .10 •. 10 
D.O. (mg/1) 7.56 7.18 7.38 8.08 7. 72 7.76 7.78 7.58 7.66 8.06 

Sample Depth (m) 2 7.5 4.5 3 3.5 2 3.5 7.5 
CJ'\ 
00 

Temp. (oC) 21.60 21.50 22.00 21. 70 22.00 27.90 22.10 21.50 
Sal. ( 0 /oo) .26 .40 .11 .08 .10 .32 .10 .27 
D.O. (mg/1) 7 .10 7.04 7.30 7. 92 7.70 7.50 7.78 7. 96 

6-20 Time (EDT) 1013 1039 1106 1127 1144 1204 1223 1245 1300 1320 

Secchi Depth (cm) 46 37 20 31 37 47 36 39 35 35 

Sample Depth (m) 0 0 0 0 0 0 0 0 0 0 
Temp. (DC) 25.80 26.40 26.40 26.20 26.70 28.80 32.35 30.00 27.20 27.40 
Sal. ( 0 /oo) 3.06 2.97 2.28 .74 1.96 1. 97 3.35 1.68 1.18 .73 
D.O. (mg/1) 7.55 7.36 6.73 7.49 7.22 7.49 6. 96 7.49 7.43 7.87 

Sample Depth (m) 1 3.75 2 1. 25 1. 75 1 1 . 75 1. 75 3.5 
Temp. (DC) 25.60 26.20 26.50 25.85 26.10 28.75 32.30 29.80 26.40 26.10 
Sal. ( 0 /oo) 3.13 2.84 2.26 .73 1. 90 1. 98 3.37 1. 98 1. 31 .68 
D.O. (mg/1) 7.91 7.36 7.17 7.60 7.41 7.55 7.15 7.51 6.98 7.53 

Sample Depth (m) 2 7.5 4 2.5 3.5 2 3.5 7 
Temp. (OC) 25.50 26.20 26.60 26.00 26.10 32.35 26.40 26.40 
Sal. (O/oo) 3.29 2.88 2.27 .78 1. 83 3.36 1. 36 1. 23 
D.O. (mg/1) 8.01 7.28 7.05 7.42 7.04 7.07 7.20 7.30 



e 
Table Al 
(cont.) 

James River Hydrographic Data 1978 
Plankton Sampling Runs 

Station 

Date Parameter DWS INTAKE HPS HPW3 HPW2 HPWl DISCHARGE CBE CBC JI 

7-11 Time (EDT) 1050 1132 1210 1236 1257 1315 1336 1440 1503 1530 
Secchi Depth (cm) 47 32 47 36 40 61 39 38 37 36 

Sample Depth (m) 0 0 0 0 0 0 0 0 0 0 
T~mp. (OC) 27.10 26.80 28.90 27.10 27.10 28.30 32 .. 20 27.60 27.30 26.90 
Sal. (O/oo) 5.29 4.40 3.13 2.00 1.34 3.04 4.78 2.65 1. 78 1.24 
D.O. (mg/1) 6.83 6.53 6.81 6.91 6.65 6.97 6.11 6.45 7.16 6.61 

Sample Depth (m) 1 2.75 1.25 1. 25 1. 75 1 1 1 1.5 2.5 
Temp. (oc) 26.90 26.30 28.80 27.00 26;90 28.10 31.90 28.50 27.30 26.80 
SaL (0 /oo) 5.34 4.50 3.14 2.01 1.34 3.02 4.80 2.90 1.80 1.35 
D.O. (mg/1) 6.63 6.65 6.53 7.44 6.61 6.73 6.13 6.41 6.69 6.75 

Sample Depth (m) 2 5.5 2.5 2.5 3.5 2 3 5 
Temp (0 c) 26.90 26.20 28. 70 26.90 26.90 31. 90 · 27.30 26.70 O"I 

\0 

Sal.. (
0 I oo) 5.26 4. 71 3.16 2.09 1. 37 4. 77 1.83 1. 23 

D.O. (mg/1) 6.53 6.61 6.81 6.83 6.93 5.97 6.57 6.93 

8-23 Time (EDT) I 1000 1045 1120 1200 1220 1243 1334 1420 1445 1510 
Secchi Depth (cm) 52 52 61 45 53 52 35 52 52 45 

Sample Depth (m) 0 0 0 0 0 0 0 0 0 0 
Temp. (oC) 28.20 28.75 30.80 29.20 29.25 31.50 37.50 29.90 30.40 29.30 
Sal. (

0 /oo) 6.21 5.28 3.25 1. 70 1.35 3.28 5.82 1.49 1.35 1. 24 
D.O. (mg/1) 6.12 6.14 6.42 6.44 6.26 6. 72 6.54 7 .40 q.88 6.38 

Sample Depth (m) 1 2 2 1. 25 1. 75 1 1 1 1. 75 3.5 
Temp. (OC) 27.90 28.40 30.30 28.80 28.80 31. 70 37.40 30.10 30.20 29.00 
Sal. ( 0 /oo) 6.25 5.41 3.76 1. 72 1.38 3.45 5.82 1.57 2.63 1.30 
D.O. (mg/1) 5.76 6.28 6.06 6.48 6.12 6.30 6.26 7.54 6.00 6.14 

Sample Depth (m) 2 4 4 2.5 3.5 2 3.5 7 
Temp. (°C) 27.80 28.10 30.10 28.85 29.00 37.40 30.80 29.10 
Sal. ( 0 /oo) 6.25 5.55 3.79 1. 75 1. 39 5.74 2.92 1. 77 
D.O. (mg/1) 5.98 5.86 5.84 6.16 6.14 6.38 6.08 5.86 



e 
Table Al 
(cont.) 

James River Hydrographic Data 1978 
Plankton Sampling Runs 

Station 

Date Parameter DWS INTAKE HPS HPW3 HPW2 HPWl DISCHARGE CBE CBC JI 

9-19 Time (EDT) 1012 1047 1125 1147 1210 1230 1300 1345 1402 1425 
Secchi Depth (cm) 76 44 32 65 51 79 47 57 58 52 

Sample Depth (m) 0 0 0 0 0 0 0 0 0 0 
Temp. (DC) 26.10 26.05 26.90 26. 70 26.90 28.40 34. 70 29.50 27.50 26.50 
Sal. ( 0 /oo) 6.90 8.40 6.55 4.59 5.69 5.69 8.47 5.67 5.57 3.95 
D.O. (mg/1) 6.37 6.15 6.23 6.27 6.27 6.49 5.55 6.37 6.11 6.21 

Sample Depth (m) 1 4 2.25 1.25 1. 75 1 1 1 1.5 4 
Temp. (DC) 26.10 26.00 26.90 26.60 26.90 28.60 34. 60 29.80 27.50 26.70 
Sal. (

0 /oo) 6.95 8.56 6.52 4.64 5.70 5.72 8.47 5.72 5.56 4.59 
D.O. (mg/1) 6.23 6.05 6.19 6.19 6.11 4.62 5.57 6.35 5.97 6.09 

Sample Depth (m) 2 8 4.5 2.5 3.5 2 3.25 8 
-..J 

Temp. (DC) 26.10 26.05 26.90 26.60 27.00 34.60 27.50 26.80 0 

Sal. (
0 /oo) 7.17 8.60 6.55 4.73 5.62 8.43 5.56 5.38 

D.O. (mg/1) 6.01 5.99 6.11 6.17 6.25 5.55 6.07 6.63 

11-14 Time (EDT) 0845 0917 0947 1010 1036 1105 1137 1234 1258 1328 
Secchi Depth (cm) 110 63 52 40 73 104 so 86 82 66 

Sample Depth (m) 0 0 0 0 0 0 0 0 0 0 
Temp. (DC) 15.20 15.20 15.90 15.90 16.25 18.40 23.30 16.90 17.60 16.50 
Sal. ( 0 /oo) 9.93 11.02 10.01 8.06 9.20 8. 71 11.33 6.99 8.69 7.21 
D.O. (mg/1) 7. 72 7.76 7.68 7. 96 7.82 7.86 7.60 8.08 7.78 

Sample Depth (m) 1.25 4 2.5 1.5 2 1 1 1 2 4.5 
Temp. (QC) 15.10 15.20 16.00 15.90 16.20 17.90 23.25 17.20 17.40 16.10 
Sal. (

0 /oo) 10.89 11. 06 9.99 8.06 9.20 9.00 11.31 7.41 8.95 8.17 
D.O. (mg/1) 7.68 7.86 7.76 7.86 7.70 7.90 7.51 8.46 7.78 7.60 

Sample Depth (m) 2.5 8 5 3 4 2 2 4 9 
Temp. (DC) 15.10 15.20 16.00 15.90 16.25 17.90 23.20 17.30 16.10 
Sal. ( 0 /oo) 11. 09 10.98 9.94 8.10 9.17 9.00 11.24 9.19 8.46 
D.O. (mg/1) 7.78 7.68 7.82 7.68 7.74 7. 70 7.27 7.80 6.99 



Table A2 

James River Hydrographic Data 1978 

Benthos Sampling Runs 

Date Station 6 12 14 16 15 13 11 10 

Jan. 18 Time (EST) 1005 1025 1036 1051 1115 1127 1135 1149 
Secchi Depth (cm) 18 22 16 22 15 21 24 17 

Sample Depth (m) 0 0 0 0 0 0 0 0 
Temp. (OC) 2. 8.0 2.60 2.30 2.60 4.90 6.80 6~80 4, 70 
Sal. ( 0 /oo) .14 .17 .09 .10 .32 ,18. .18 .14 
D.O. (mg/1) 12.07 12.21 11. 70 12.07 12.01 11. 70 12.75 11.40 

Sample Depth (m) 1.5 1 8 2 4 4 
Temp. (OC) 2.75 2.70 2.30 2.65 6.80 4.70 
Sal. (O/oo) .33 .16 .10 .10 .17 .14 ....... 
D. 0. (mg/1) 13.17 12.27 11.88 11.97 11. 68 11.48 t-' 

Station 5 9 8 4 7 3 2 1 

Time (EST) 1200 1215 1225 1236 1246 1256 1305 1317 
Secchi Depth (cm) 18 18 17 13 33 23 17 21 

Sample Depth (m) 0 0 0 0 0 0 0 0 
Temp, (°C) 5.00 9.20 4.40 3.50 3.80 3.60 2.80 3.40 
Sal. ( 0 /oo) . 38 .20 .11 .09 .10 .10 .08 .10 
D.O. (mg/1) 11. 56 10.54 11.36 11.16 11.88 11. 62 11. 99 11.94 

Sample Depth (m) 3 4 3 1.5 5 
Temp. (°C) 5.00 4.80 3.70 2.80 3.40 
Sal. (o/oo) . 15 .11 .09 .08 .10 . 
D.O. (mg/1) 11.42 11.50 11. 60 11.34 11.82 

, J 



Table A2 
(cont.) 

James River Hydrographic Data 1978 

Benthos Sampling Runs 

Date Station 6 12 14 16 15 13 11 10 

April 10 Time (EST) 1003 1016 1034 1050 1103 1116 1125 1134 
Secchi Depth (cm) 26 29 31 28 19 22 23 30 

Sample Depth (m) 0 0 0 0 0 0 0 0 
Temp. (°C) 14.55 15.4 15.20 15.05 14.80 15.35 16.35 16.00 
Sal. ( 0 /oo) .10. .10 .14 .18 .14 .10 .10 
D.O. (mg/1) 8.45 8.46 8.98 8.69 9.00 9.04 8.45 8. 77 

Sample Depth (m) 1.5 7 2 4.5 4 
Temp. (OC) 14.55 15.05 15.00 16.00 16.00 
Sal. ( 0 /oo) .58 3.66 .16 .10 ........ 

D.O. (mg/1) 8.42 8.'54 8.87 9.10 8.86 N 

Station 5 9 8 4 7 3 2 1 

Time (EST) 1142 1150 1220 1230 1240 1247 1256 1305 
Secchi Depth (cm) 26 25 25 24 28 32 26 43 

Sample Depth (m) 0 0 0 0 0 0 0 0 
Temp.(0 c) 16.35 17.40 16.·35 15.85 18.20 16.10 15.20 15.60 
Sal. (0 /oo) .10 .11 .10 .10 .12 . 09 
D.O. (mg/1) 8.96 8.69 8. 71 8.82 8.94 9.16 9.06 8.86 

Sample Depth (m) 3 4 4 2 
Temp. (OC) 16.35 16.35 15.60 15.20 
Sal: (0 /oo) .13 .10 .09 
D.O. (mg/1) 8.54 8.63 8.69 9.08 



Table A2 
(cont.) 

James River Hydrographic Data 1978 

Benthos Sampling Runs 

Date Station 6 12 14 16 15 13 11 10 

June 13 Time (EDT) 0710 0723 0738 0750 0805 0815 0823 0840 
Secchi Depth (cm) 26 23 40 42 31 30 34 33 

Sample Depth (m) 0 0 0 0 0 0 0 0 
Temp. (OC) 25.0 24.3 24.9 23.9 23.8 23.8 25.4 24.8 
Sal. ( 0 /oo) .20 .23 .58 1.89 1. 75 1.29 .70 .53 
D.O;. (mg/1) 7.39 6.80 6.64 7·.43 6.94 6.88 6.84 6.98 

Sample Depth (m) 1.5 7 2 4.5 4 
Temp. (OC) 24.7 24.5 23.8 25.4 24;8 
Sal. ( 0 /oo) .30 .76 1.86 . 72 .54 -...J 

D.O. (mg/1) 4.65 7.23 8.02 6.88 6.80 u.l 

Station 5 9 8 4 7 3 2 1 

Time (EDT) 0849 0859 0931 0940 0948 0958 1035 1045 
Secchi Depth (cm) 29 29 47 36 22 26 39 40 

Sample Depth (m) 0 0 0 0 0 0 0 0 
Temp. (OC) 25.3 25.2 24.9 24.5 23.2 24.4 24.6 24.2 
Sal. ( 0 /oo) . 67 .58 .33 .21 .18 .18 .16 .14 
D.O. (mg/1) 6.88 6.68 6.82 6.74 ·7.59 7.39 7.04 7 .11 

Sample Depth (m) 3 4 3 2 
Temp. (OC) 25.1 24.6 24.5 24.4 
Sal. ( 0 /oo) . 65 .30 . 22 .16 
D.O. (mg/1) 6.86 6. 72 6.80 6.80 



e 

Table A2 
(cont.) 

James River Hydrographic Data 1978 

Benthos Sampling Runs 

Date Station 6 12 14 16 15 13 11 10 

July 12 Time (EDT) 0656 0709 0722 0736 0750 0806 0816 0828 
Secchi Depth (cm) 35 36 63 39 27 · 33 34 47 

Sample Depth (m) 0 0 0 0 0 0 0 0 
0 25;6 25.0 25.7 25.6 24.2 25.0 26.3 25.8 Temp.~ C) 

Sal. ( /oo) 2.15 2.49 6.18 5.65 5.01 4.05 3.69 3.81 
D.O. (mg/1) 7.01 6.03 6.93 7.36 5.99 6. 71 7.04 6.79 

Sample Depth (m) 1 7 2 4.5 4 
Temp. (°C) 25.3 26.4 25.3 26.1 25.8 
Sal. (0 /oo) 2.74 7.55 6.01 3.70 3.78 -..J 

+" 
D.O. (mg/1) 6.45 5.73 6.41 6.73 6.71 

Station 5 9 8 4 7 3 2 1 

Time (EDT) 0837 0845 0855 0906 0916 0925 0940 0950 
Secchi Depth (cm) 34 37 50 40 36 26 39 44 

Sample Depth (m) 0 0 0 0 0 0 0 0 
0 26.0 Temp. ( C) 25.9 26.8 25.9 27. 0 24.5 25.0 24.0 

Sal. (0 /oo) 3.20 2.83 3.21 2.06 3.14 2.00 1. 71 1.23 
D.O. (mg/1) 7.14 6. 93. 6. 71 6. 71 6.73 7.20 6.95 7.64 

Sample Depth (m) 3 4 3 2 
Temp (OC) 25.7 26.3 26,1 25.0 
Sal. (

0 /oo) 3.34 3.29 2.68 1. 72 
D.O. (mg/1) 6.43 7.01 6.57 6.91 



Table A2 
(cont.) 

James River Hydrographic Data 1978 

Date Station 6 12 14 16 15 13 11 10 

Aug. 7. Time (EDT) 0742 0756 0814 0835· 0853 0858 0910 0922 
Secchi Depth (cm) 33 37 48 26 25 28 31 28 

Sample Depth (m) 0 0 0 0 0 0 0 0 
0 27.5 27.2 28.5 28.0 27.0 29.8 32.5 28.2 Temp. ( C) 

Sal. (0 /oo) 1. 26 L45 2.30 3.40 4.15 2.98 3.46 1. 22 
D.O. (mg/1) 5.44 5.89 6.15 5.99 4.65 6.21 5.85 5.85 

Sample Depth (m) 1 6 f.5 4 3.5 
Temp. (0 c) 27.5 28.5 28.0 32.5 28.0 
Sal. (0 /oo) 1. 38 2.52 3.42 3.42 1. 26 
D.O. (mg/1) 6.01 6.11 5.97 5.80 6.03 

-...J 
V1 

Station 5 9 8 4 7 3 2 1 

Time (EDT) 0925 0933 0943 0955 1'003 10!5 1025 1033 
Secchi Depth (cm) 35 41 31 27 26 27 32 42 

Sample Depth (m) 0 0 0 0 0 0 0 0 
0 28.0 31. 8 28.2 28.0 27.5 28.0 28.2 28.0 Temp. ( C) 

0 1. 03 3.42 1.34 .86 1.55 1.52 1.02 1.35 Sal. ( /oo) 
D.O. (mg/1) 5.87 6.27 5.72 5.86 6.48 6.09 5.74 6.88 

Sample Depth (m) 2.5 3 2.5 1. 75 
Temp. (0 c). 28.0 27. 8 · 27.8 28.0 

0 1.04 1.30 . 89 1.04· Sal. ( /oo) 
D.O. (mg/1) 5.12 5.66 5.83 5.76 



Table A2 
(cont.) 

James River Hydrographic Data 1978 

Benthos Sampling Runs 

Date Station 6 12 14 16 15 13 11 10 

Oct. 18 Time (EDT) 0940 1005 1020 1045 1140 1155 1206 1222 
Secchi Depth (cm) 80 66 79 106 51 60 34 71 

Sample Depth (m) 0 0 0 0 0 0 0 0 
Temp. tc) 15.4 16.1 17.5 17.3 17.0 16.8 18.4 18.1 
Sal. ( /oo) 5.08 6.83 7.28 9.30 9 .. 84 9.02 8,46 7.04 
D.O. (mg/1) 7.78 7.52 7.90 7.94 7.86 8.02 7. 94 8.24 

Sample Depth (m) 1.5 7 2.5 1 5 4.5 
Temp. (°C) 16.5 17.0 16.7 16.8 18.3 17.4 
Sal. (0 Joo) 6.09 8.85 10.66 9.04 8.46 7.95 -...J 

0\ 
D.O. (mgJl) 8.04 7.74 7.84 7.84 7. 92 7.98 

Station 5 9 8 4 7 3 2 1 

Time (EDT) 1230 1240 1300 1310 1347 1357 1408 1417 
Secchi Depth (cm) 34 76 67 46 56 - 90 79 106 

Sample Depth (m) 0 0 0 0 0 0 0 0 
Temp. (°C) 17.6 19.8 19.0 17.8 20.9 17.6 17.4 17.1 
Sal. (

0 Joo) 7.38 7.68 7.43 6.40 7.04 5.57 5.91 5.28 
D.O. (mg/1) 8.06 7.92 7.78 8.12 7.98 8.40 8.26 8.90 

Sample Depth (m) 3.5 1 4.5 3.5 1 1 2.5 1 
Temp. (OC) · 17. 6 19.6 18.5 18.0 20.8 17.5 16.7 17.0 
Sal. (

0 Joo) 7.48 7.66 7.50 6.56 7.00 6.04 5.65 5.28 
D.O. (mg/1) 8.04 7. 96 7.84 8.10 8.14 8.58 8.34 8.72 
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Table Bl 

James River Chlorophyll Concentrations 1978 
(pg Chl ~ per liter, surface samples, two samples per station) 

Date 

Station Feb. 28 Apr. 18 May 23 June 20 July 11 Aug. 23 Sept. 19 Nov_. 14 

DWS 2.2 1.3 8.9 5.2 11. 7 3.9 4.9 1. 7 
2.4 1.2 11. 5 4.9 10.9 4.) 5.2 1.8 

Intake 2.3 2.6 7.2 5.5 9.4 5.8 7.6 3.5 
2.4 2.7 7.2 6.9 8.6 6.2 7.6 3.0 

HPS 1.5 1.8 11.5 7.4 7.9 7.1 3.0 3.5 
2.2 1.8 9.2 6.6 7.8 5.8 3.2 1.8 

HPW3 1. 9 1.4 15.8 4.5 10.8 5.6 3.0 3.7 
2.0 1.8 15.7 3.8 11.2 6.2 3.0 3.7 

HPW2 1.8 2.4 15.5 3.1 8.9 6.3 3.5 1.8 -..J 

2.3 2.1 10.6 2.6 8.3 6.0 3.2 1.9 00 

HPWl 1. 7 1.2 6.9 4.2 8.2 5.8 2.9 1.8 
1. 7 1.3 6.8 3.5 7.8 6.0 3.2 2.1 

Discharge 3.0 2.7 7.3 3.9 5.5 3.8 3.0 4.0 
2.9 2.5 6.6 3.5 5.7 3.7 2.5 2.7 

CBE 1. 6 1. 6 5.4 3.9 5.4 6.7 4.9 2.0 

1.4 1.3 6.5 3.7 8.1 6.0 4.6 3.1 

CBC 1.8 1.8 8.6 4.1 7.5 3.6 2.6 2.7 

1. 7 1.8 8.9 3.6 7.8 4.0 1.8 2.5 

JI 1. 7 1. 9 8.3 6.5 6.2 5.7 2.8 2.8 

2.0 2.1 8.7 4.4 6.4 5.4 2.9 2.8 



e 
Table B2 

James River Phytoplankton Cell Counts, 1978 
(Total cells per ml, surface samples, two samples per station) 

Date 

Station Feb .. 28 Apr. 18 May 23 June 20 July 11 Aug. 23 Sept. 19 Nov. 14 

DWS 1050 900 6600 2900 9850 2450 1750 1300 
950 900 5100 2950 11550 2550 1800 1000 

Intake 700 1350 4800 3850 8000 4600 3850 950 
750 1300 5150 2650 8650 4300 3450 1100 

HPS 450 1500 4900 1250 7900 4850 1100 900 
350 1250 4400 1400 7900 4500 1400 950 

HPW3 150 ljOO 16400 1950 9550 4600 2050 550 
150 1450 13950 1750 9100 4750 2250 550 

HPW2 150 700 7400 1950 7250 6800 1250 750 
100 700 8550 1800 7800 6600 1300 900 

HPWl 350 700 5100 2150 7650 5500 1900 900 -...J 

350 700 4100 2750 7900 5500 1900 850 \.0 

Intake Canal 750 1000 4600 3500 7350 3550 3400 900 
(Upstream) 1000 1350 4600 2850 6550 2600 2200 1000 

Intake Canal 1200 800 4650 1600 4150 2700 1400 900 
(Downstream) 1100 750 3950 1300 4600 3250 1750 800 

Discharge Canal 1100 650 3750 1250 5450 2150 900 900 
' 1050 800 3600 1450 5600 2900 850 850 

CBE 400 900 4350 3200 4350 6600 1850 850 
300 800 5950 3050 8600 5850 1950 850 

CBC 250 1100 6250 2050 6450 5550 1050 1050 
250 1250 5850 1650 5500 6600 1700 9'50 

JI 200 1450 9000 3900 6350 4900 1850 950 
200 1100 7500 2850 5800 3600 2250 950 

Discharge 1400 1650 4400 1800 5700 2150 1400 950 
1200 1500 3350 1800 5800 2300 1650 850 
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Appendix C 

Biological Data Tables for 

the Benthos Study 



Table Cl 

James River Benthos; January 18, 1978 

Species, Number of Individuals and Total Wet Weight 
(Without Clam Shell) in Grams per 0.1 m2 at Each Station 

Species Station 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Mollusks 

Rangia cuneata 4 13 3 13 9 1 2 7 3 13 13 5 8 
Congeria leucophaeta 
Macoma mitchelli 1 2 1 2 1 1 5 2 2 2 
Macoma balthica 
Corbicula manilensis 1 
Hydrobia sp. 5 2 
Mya arenaria 00 

t-' 
Modiolus demissus 5 2 2 
Unknown gastropod 1 1 1 

Annelids 

Polychaetes 
Scolecolepides viridis 3 1 1 1 
Nereis succinea 2 1 6 4 17 1 2 1 3 
Lysipiddes grayi 
Polydora ligni 
Laeonereis culveri 1 
Heteromastus filiformis 1 3 

Oligochaetes 1 1 

Amphipods 

Gammarus sp., 1 1 
Corophium lacustre 1 1 
Lepidactylus dytiscus 2 1 
Leptocheirus plumulosus 1 2 1 1 
Monoculodes edwardsi 
Caprella sp. 1 
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Table Cl (cont'd) 

Species Station 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Decapods 

Callinectes sapidus 1 

Isopods 

Cyathura polita 3 1 1 1 3 2 2 1 
Edotea triloba 
Chiridotea almyra 1 

Diperan larvae 1 1 

Nemerteans 1 1 
00 

Hydroids X X X X 
N 

X X X 

Balanus sp. 13 2 32 16 

Nematodes 1 

Ectoprocts X X X X X X X 

Biomass (grams) 1.62 5.70 . 63 4.05 1. 74 1.16 1. 70 1. 84 .04 . 01 1.10 8. 70 1. 74 .02 . 02 2.55 



Table C2 

James River Benthos; April 10, 1978 

Species, Number of Individuals and Total Wet Weight 
(Without Clam Shell) in Grams per 0.1 m2 at Each Station 

Species Station 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Mollusks 

Rangia cuneata 3 4 1 19 2 1 9 1 1 3 1 1 6 
Congeria leucophaeta 1 
Macoma mitchelli 
Macoma balthica 1 2 
Corbicula manilensis 1 
Hydrobia sp. 1 7 17 2 3 2 co 
Mya arenaria L,.) 

Modiolus demissus 4 1 
Unknown gastropod 1 

Annelids 

Polychaetes 
ScolecoleEides viridis 1 2 2 1 1 2 1 1 1 
Nereis succinea 5 2 6 1 1 1 2 3 
Lysipiddes grayi 
Polydora ligni 
Laeonereis culveri 
Heteromastus filiformis 2 1 2 

Oligo.chaetes 1 
Nemertean 1 
Oyster spat 3 
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Table C2 (cont'd) 

Species Station 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Amphipods 

Ganunarus sp. 1 1 
Corophium lacustre 1 
Lepidactylus dytiscus 3 3 6 1 6 4 
Leptocheirus plumulosus 1 
Monoculodes edwardsi 
Caprella sp. 

Isopods 

Cyathura polita 1 1 1 1 

Edotea triloba 1 
00 

Chiridotea almyra 2 +' 

Dipteran larvae 1 1 1 

Nemerteans 

Hydroids X X X X X X X X X X 

Balanus sp. 13 2 

Nematodes 

Ectoproct X X X X X 

Biomass (Grams) 2.74 1.70 . 78 5.47 . 04 1.43 . 74 3.84 .49 .15 1.13 . 02 .01 .02 .04 1. 76 



Table C3 

James River Benthos; June 13, 1978 
Species, Number of Individuals and Total Wet Weight 

(Without Clam Shell) in Grams per 0.1 m2 at Each Station 

Species Station 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Mollusks 

Rangia cuneata 4 4 4 13 2 28 7 6 4 3 1 15 4 2 6 

Congeria leucophaeta 
Macoma mitchelli 
Macoma balthica 
Corbicula manilensis 
Hydrobia sp. 4 1 
Mya arenaria 
Modiolus demissus 
Shelless Opisthobranch 1 

00 
u, 

Annelids 

Polychaetes 
Scolecolepides viridis 5 13 7 3 3 4 25 3 

Nereis succinea 3 1 1 

Lysipiddes grayi 
Polydora ligni 
Laeonereis culveri 
Heteromastus filiformis 4 1 

Oligochaetes 1 

AmphiEods 

"Gammarus sp. 3 1 
Corophium lacustre 1 1 
Lepidactylus dytiscus 2 1 1 1 

Leptocheirus plumulosus 1 10 8 25 4 1 5 1 2 8 25 3 

Monoculodes edwardsi 
Caprella sp. 



Table CJ (cont'd.) 

Species Station 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

IsoEods 

Cyathura Eolita 1 1 
Edotea triloba 
Chiridotea almyra 2 7 

Decapods 

Rhithropanopeus harrisii 1 

DiEteran Larvae 

Nemerteans 1 1 

Hydroids X X X X X X X X X 00 
O'\ 

Balanus sp. 2 1 1 

Nematodes 

Ectoprocts X X X X X 

Biomass (grams) 1. 75 1.10 . 06 4.00 .25 8.10 2.05 . 60 .65 1. 05 1.30 . 90 .05 • 72 .10 1. 90 



Table C4 

James River Benthos; July 12, 1978 
Species, Number of Individuals and Total Wet Weight 

(Without Clam Shell) in Grams per 0.1 m2 at Each Station 

Species Stati.on 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Mollusks 

Rangia cuneata 3 9 1 3 1 22 6 9 5 6 13 5 

Congeria leucophaeta 
Macoma mitchelli 
Macoma balthica 
Corbicula manilensis 3 
Hydrobia sp. 
Mya arenaria 00 

-...J 
Modiolus demissus 

Annelids 

Polychaetes 
Scolecolepides viridis 2 9 2 30 1 6 1 25 1 4 

Nereis succinea 1 1 

Lysipiddes grayi 4 
Polydora ligni 
Laeonereis culveri 
Heteromastus filiformis 5 2 

Oligochaetes 1 1 

Amphipods 

Gammarus sp. 11 1 
Corophium lacustre 106 3 3 1 
Lepidactylus dytiscus 3 6 3 
Leptocheirus plumulosus 4 25 5 13 12 6 1 8 20 1 29 



Table C4 (cont'd.) 

Species 
Station 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Monoculodes edwardsi 
Caprella sp. 

Isopods 

Cyathura polita 1 3 2 2 

Edotea triloba 
Chiridotea almyra 1 1 

Dipteran Larvae 1 1 

Nemerteans 

Hydroids X X X X X X X 00 
00 

Balanus sp. 

Nematodes 

Biomass (grams) .05 5.25 .44 .67 .02 12.30 2.00 1.35 .02 1. 64 .02 . 65 .02 .80 3.20 



Table CS 

James River Benthos; August 7' 1978 

Species, Number of Individuals and ~otal Wet Weight 
(Without Clam Shell) in Grams per 0.1 m2 at Each Station 

Species Station 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Mollusks 

Rangia cuneata 13 3 3 15 8 10 7 21 6 16 18 14 26 9 15 
Congeria leucophaeta 1 3 
Macoma mitchelli 1 2 1 
Macoma balthica 
Corbicula manilensis 1 
Hydrobia sp. 1 1 1 
Mya arenaria co 
Modiolus demissus 1 '° 

Annelids 

Polychaetes 
Scolecolepides viridis 2 1 1 1 7 3 
Nereis succir:iea 2 2 1 1 
Lysipiddes grayi 
Polydora ligni 2 
Laeonereis culveri 
Heteromastus filiformis 4 2 

Oligochaetes 5 4 3 1 2 1 

Amphipods 

Gammarus sp. 1 1 1 
Corophium lacustre l 1 1 1 3 9 1 1 5 
Lepidactylus dytiscus 3 9 
Leptocheirus plumulosus 1 2 2 11 1 19 4 2 4 7 4 23 3 12 17 



Table CS (cont'd.) 

Species Station 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Monoculodes edwardsi 
Caprella sp. 

Isopods 

Cyathura polita 1 3 3 1 2 3 
Edotea triloba 
Chiridotea almyra 7 9 

Dipteran Larvae 

Nemerteans 1 

Hydroids X X X 

"° 
Balanus 1 1 

0 
sp. 

Nematodes 1 

Ectoprocts X 

Biomass (grams) 7. 70 1. 50 . 05 3.00 .25- 3.75 4.00 2.85 . 05 .12 7. 20 . 05 3.35 .02 .20 3.35 



• 
Table C6 

James River Benthos; October 18, 1978 

Species, Number of Individuals and Total Wet Weight 
(Without Clam Shell) in Grams per 0.1 m2 at Each Station 

Species Station 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Mollusks 

Rangia cuneata 4 10 8 10 13 7 3 . 17 4 4 36 3 6 2 5 6 

Congeria leucophaeta 7 1 1 3 
Macoma mitchelli 12 7 1 2 

Macoma balthica 3 
Corbicula manilensis 2 

Hydrobia sp. 
Mya arenaria 
Modiolus demissus 

'° I"-' 

Annelids 

Polychaetes 
Scolecolepides viridis 4 3 2 1 1 1 5 

Nereis succinea 1 3 15 1 6 1 2 1 4 1 

Lysipiddes- grayi 
Polydora ligni · 
Laeonereis culveri 
Heteromastus filiformis 16 

Oligochaetes 3 1 

Amp hi pods 

Gammarus sp. 
Corophium lacustre 10 1 

Lepidactylus dytiscus 5 2 

Leptocheirus plumulosus 7 10 5 8 1 1 10 7 13 



• ! 

! 

Table C6 (cont'd.) 

Species Station 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Monoculodes edwardsi 1 
Caprella sp. 

Isopods 

Cyathura polita 1 2 1 2 3 
Edotea triloba 
Chiridotea almyra 1 1 

Decapods 

Rhithropanopeus harrisii 2 

Dipteran Larvae "° N 

Nemerteans 1 1 3 

Hydroids X X X 

Balanus sp. 1 5 6 

Nematodes 

Biomass (grams) 4.00 3.40 1.15 1.· 80 .25 2.75 1.30 2.25 . 82 .05 3.02 . 08 1. 90 . 02 . 04 .70 
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Table C7 

Diversity and Related Parameters for Benthic Samples 

January 18, 1978 

Station Number of Number of SHANNON Formula RICHNESS 
Number Individuals SPECIES H-PRIME S-1/LN N 

1 8 4 1. 7 500 1. 4427 

2 21 6 1. 7799 1.6423 

3 5 2 0.9710 0.6213 

4 17 5 1. 2577 1.4118 

5 13 4 1. 3520 1.1696 

6 3 3 1. 5850 1. 8205 
' 

7 3 2 0.9183 0.9102 

8 34 7 2.2970 1. 7015 

9 4 2 o. 8113 0. 7213 

10 3 3 1. 5850 1. 8205 

11 41 11 3.0261 2.6928 

12 41 9 2.2943 2.1543 

13 9 4 1. 6577 1. 3654 

14 6 4 1.9183 1. 6743 

15 36 4 0.6699 o. 8372 

16 36 10 2.4823 2. 5115 

All Stations 
Combined 280 23 3.0497 3.9043 
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Table CS 

Diversity and Related Parameters for Benthic Samples 

April 10, 1978 

Station Number of Number of SHANNON Formula RICHNESS 
Number Individuals SPECIES H-PRIME S-1/LN N 

1 10 4 1.6855 1. 3029 

2 6 3 1. 2516 1.1162 

3 7 4 1. 8424 1. 5417 

4 34 8 2.0180 1. 9850 

5 23 4 1.2087 0.9568 

6 3 2 0.9183 0. 91·02 

7 9 4 1. 4466 1. 3654 

8 36 7 2.3326 1. 6743 

9 7 2 0.5917 0.5139 

10 5 5 2.3219 2.4853 

11 11 6 2.4817 2.0852 

12 8 4 1. 7500 1. 4427 

13 1 1 0.0000 

14 2 2 1.0000 1. 4427 

15 9 6 2.4194 2.2756 

16 19 8 2. 7206 2.3774 

All Stations 
Combined 190 22 3.3393 4.0020 
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:.e Table C9 

Diversity and Related Parameters for Benthic Samples 

June 13, 1978 

Station Number of Number of SHANNON Formula RICHNESS 
Number Individuals SPECIES H-PRIME S-1/LN N 

1 7 3 1. 37 88 1. 0278 

2. 14 2 0.8631 0.3789 

3 10 3 1. 5219 0.8686 

4 29 4 1. 8073 0.8909 

5 1.8 4 1. 27 52 1. 03 79 

6 64 5 l. 7014 0.9618 

7 12 3 1. 2807 0.8048 

8 13 6 2.1416 1. 9494 

9 15 6 2.2826 l. 8463 

10 6 3 l. 2516 1.1162 

11 40 5 1.6094 1. 0843 

12 4 3 1. 5000 1. 4427 

13 24 3 1.1432 0.6293 

14 7 4 1.6645 1. 5417 

15 32 5 1.1609 1.1542 

16 10 3 1. 2955 0.8686 

All Stations 
Combined 305 16 2.5297 2.6075 

e· 
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Table ClO • Diversity and Related Parameters for Benthic Samples 

July 12, 1978 

Station Number of Number of SHANNON Formula RICH.~ESS 
Number Individuals SPECIES H-PRIME S-1/LN N 

1 8 3 1. 4056 0.9618 

2 37 4 1. 2466 0.8308 

3 9 3 1. 3516 0.9102 

4 26 4 1.5700 0.9208 

5 4 3 1. 5000 1. 4427 

6 190 9 2.0314 1. 524 7 

7 16 4 1. 7641 . 1.0820 

8 20 4 1. 7822 1.0014 

9 8 3 1.0613 0.9618 

10 0 0 0.0000 0.0000 

11 37 5 1. 4442 1.1078 

12 8 4 1. 8113 1. 4427 

13 17 4 1. 6457 1. 0589 

14 20 1 0.0000 0.0000 

15 16 3 0.8684 o. 7213 

16 39 4 1.1702 0.8189 

All Stations 
Combined 455 14 2.6185 2.1241 
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~ 
Table Cll 

Diversity and Related Parameters for Benthic Samples 

August 7, 1978 

Station Number of Number of SHANNON Formula RICHNESS 
Number Individuals SPECIES H-PRIME S-1/LN N 

1 16 3 0.8684 0. 7213 

2 9 6 2.4194 2.2756 

3 8 3 1.5613 0.9618 

4 37 6 2.1008 1. 384 7 

5 22 6 2.1116 1. 6176 

6 39 8 2.1203 1. 9107 

7 16 5 1. 9746 1. 4427 

8 26 5 1.0759 1. 2277 

e 9 19 3 1. 5090 0.6792 

10 30 7 1. 9852 1. 7641 

11 35 6 1. 8839 1. 4063 

12 28 4 1. 5990 0.9003 

13 63 8 2.0105 1.6895 

14 18 7 2.6214 2.0758 

15 22 3 1. 2072 0.6470 

16 37 5 1. 6190 1.1078 

All Stations 
Combined 425 21 2.6470 3.3046 
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Table Cl2 

• Diversity and Related Parameters for Benthic Samples 

October 18, 1978 

Station Number of Number of SHANNON Formula RICHNESS 
Number Individuals SPECIES H-PRIME S-1/LN N 

1 5 2 0.7219 0.6213 

2 18 3 1. 2327 0.6920 

3 11 2 0.8454 0.4170 

4 21 3 1.2286 0.6569 

5 26 7 2. 0960 1. 8416 

6 18 3 1.4807 0.6920 

7 24 5 1. 6636 1. 2586 

8 32 5 1. 7891 1.1542 

9 16 4 1. 8050 1.0820 - 10 20 6 1. 7710 1.6690 

11 67 8 1. 9389 1. 6648 

12 25 8 2.5845 2.1747 

13 11 3 1. 3222 0.8341 

14 16 5 1.6738 1. 4427 

15 22 6 2.2426 1. 6176 

16 29 5 2. 0311 1.1879 

All Stations 
Combined 361 18 3.0416 2.8868 

• 
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