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I.O INTRODUCTION

The fol lowing is the third semi-annual reporf of research performed bythe Massachuseffs Divisîon of Marine Fisheries under Contract DV4F-Z-72 -
Amendment No. 2 with the New England Power Company. This report contains
temperature, water qualify, sluiceway monîforing,'chlorophyll, lac an¿ Àipdata collecfed during the period Ocfober 1975 through Marcñ 1976, Af therequest of the Power Company, al I îchfhyoplankton Oãta tfrrough February,
1976 wil I be inferpreted and presented in a separate report.

Since the last reporting period, ElizabeTh Kouloheras has joined theproject staff as Assístant Marine Fisheries Biologist and lGren pearson
resigned .her position as Laborafory Technician.

Í
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Average surface water temperatures, faken concurrently with weekly

wafer qual¡ty sampies at stafions A - D (Figure l), decreased to 8'2oC'

A comparison of uu".ug" quarterly surface temperatures for these stafions
is given below.

2.0 TEMPERATURE I NVEST I GAT I ONS

October - December

I 0 .00c

9.loc

I 0. 70C

12.20C

t972

1973

t974

t975

t 976

January - March

4"goc

4. loc

4.loc

4. goc

4.50C

Mean daily wafer temperatures at stations A - D, calculated from hourly
fhermograph readings are presented in Figure 2' Significant gaps in the
data were caused Ui mecnunical malfunctions of the thermographs located at
the surface at stai¡on C and at the surface and bottom at sfation D' The

thermislors ma¡ntained by the Power Company at stations A and B yielded fairly
consistent data, with few missing data poinfs. General ly, temperatures in
îhe harbor (statfåns A, C and D) decreased steadily through December and

remained relatively low through mid-February when fhey sfarted to increase
gradua I ly.

The ÅT, which varied wifh generaTion-and circulating wafer volume,

ranged from 3.8 to ll.9oc and avãraged 7.7oC for the period october through

March. For the fall quarfer (Octobãr - December) the mean AT was 8'2oC with
a. ranee of 4. I - I I .9oc. ln the winter quarter (January - lvlarch) , aT averaged

1.z"C-and ranged f rom 3.8 - ll.9oC
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Figure I

SALEM

Location of wafer quaIity, fhernrcgraph
and adenosine triphosphate sampl íng
sTafions in Salem Harbor
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Flgure 2. Mean water tanperatures recorded at'statlons A - D'ln Salem Harbor, October 1975 through March |.976.-
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Flgure 2. Contlnued
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3.0 CHEMICAL INVESTIGATIONS

Weekly wafer quality monitoring conlinued at stations A - D (Figure I ¡

Ranges for ifre various parameters measured from gctober 1975 fhrough
March 1976 were as follows: water temperature, -1.0 - 24.0oC; salinity,
28.0 - 32.0 O¡OO; PH, 7.8 - 8,5; dissolved oxygen, 7.7 - 1,2.7 Ppm; biochemical
oxygen demand, l.O'- 6.8 ppm; nitrite-N, <0.1 - 0.6 ¡rg-atoms/l;- nitrafe-N,
.O.l - 12.l ¡rg-aloms/l; and phosphate-P, 0.2 - 1.9 ug-atoms,/l (Table l)'

Nutrients reached maximum levels midway through the sampl ing period and

then decreased. This also occurred during the same general period in 1974 -
lgTS (Semi-Annual Report lA). Dissolved -oxygen concentrations, as expected,
increased during the winfer monfhs. Salinity and pH remained relatively
stable throughout the sampl ing period.

Al I water qual ity measuremenfs met or exceeded lhe minimal sfandards
necessary to mainfain ihe rarine organisms indigenous to Salem Harbor.

î



SAMPLE Ï IME
(EST)

TIDAL
STAGE

( HouRs )

Table l. Water qualify data for Salem Harbor, October 1975 through March lgj6.

b-oro
COVER (ja

L BOD NO2-N N03-N P04-P
-aïoms/ I)(

DEPTH
( FEET)

TEMP OC

A IR h'ATER
SAL IN ITY

(0/00)(UMBER

002275
002279
oo22B6
402293
oo229B
oo2302
0023t I

oo2326
002322
002327
002335
002343
002341
002354
002362
00237 I

402372
002378
002389
oo2393
002404
002408
00248e
0024t3
002426

o.2
0.4
0.7
1.0
0.8
0.9
l.t
o.7
0.9
0.9
0.9
1.2
l.l
t.3
t.t
t.B
1.3
t.t
0.9
0.7
o.4
0.2
0.3
0.3
0.4

0.3
4.7
2.8
1.3
2.4
4.9
9.t
1.3
5.7
8.0
8.3

10.0
10.3
10. B

t0.6
t2. I

10.0
9.6
6.2
2.3
2.3
0.1
1.6
0.3
0.2

<0. I

0.t
0.2
o.2
0.3
0.5
0.5
0.5
0.5
0.5
0.4
0.3
0.5
0.3

<0. I

0.4
0.2
0.1
o.2
0.2
0.4
0.2

<0. I

0.t
0.1

5.0
*
*
*
*
*

2.2
1.4
3.0
2.9

t.3
3.3
3.3

8.9
8.6
8.0
7.8
8.4
8.7
7.9
9.t
9.6
9.0

4
9
3
3
4
7
6
7

9
3
7
0
B

I

S

S

S

S

S

S

S

S

s
S

S

S

S

S

s
s
S

S

S

S

s
S

S

s
S

8.3
8.2
B.l
8.2
8.2
8.2
8. t

8. I

8.4
7.9
B. I

8.5
8. t

8. r

B. t

8rl
8.1
8.3
8.2
8. t

8.4
8.4
8.0
8.3
8.3

30.0
50.0
29.O
29.O
f0.0
3t.0
30 .0
30.0
30.0
30.0
5t.0
30.0
3t.0
30.0
30.0
3t.0
50.0
3t.0
30.0
29.0
30.0
32.0
50.0
30.0
3t.0

Sfatlon A
r7T-TÎ.E*
t5.0 t4.0
t3.0 t3.0
I t.0 tz.o
8.0 lt.0
9.0 t0.5
12.5 8.0
4.0 9 .5

-1.0 7.5
5.0 7.5
10.0 7.5
-3.0 3.0
-6.0 2.0
-6.5 -t.0
-1.5 0.5
4.0 2.O

-7.0 t.0
-4.0 0.5
8.0 3.5
8. 5 3.5
2.0 3.0
0.0 5. 0
8.0 5.5
2.0 4.0
6.5 . 6.0

t0/6
to/ t6
to/2t
to/27
n/5
1t/t2
n/tB
n /26
t2/5
t2/ n
t2/ t5
12/2e
t/6
t/t3
t/2t
I /28
2/5
2/e
2/ t9
2/25
3/4
3/ t2
3/ t9
3/2?
3/29

0900
0740
0Br5
09 t0
0900
0920
0855
0935
0935
09 t0
0855
I 030
I 000
il t5
o945
I 040
I t25
0945
I 045
0850
I 200
I 020
I t00
09t5
0845

low
low
low
h igh
low
high
low
h igh
low
h igh
h lgh
h igh
low
h igh
low
h igh
low
h igh
low
h igh
low
h igh
low
h igh
low

+4
+5
+3
+4
+
+2
+
+2
+l
+2
+3
+4 t/2
+3
+l
+4
+3
+3
+5
+4

90
40

0
l0
0

l0
20

100
100

0
l0
0
0

BO

t0
ra ln
90
l0
50
90

100

t/2

t/2

2
2

+3
+5
+)
+5
+5
+3

t/2

/2
/z
/z

!10.
t0.
il.

lt.
12.
12.
t2.
il.
lt.

It
*

5.0
t(

4.3
3.3
3.6
3.8
6.8
4.1
3.8

t/2

/2
/z

100
l0
0

/z
/z
/z



TIDAL
STAGE

( HOURS )

CLOUD
COVER

(fi\
DEPTH
( FEET)

SALINITY
( 0/00 )

Table t. Conflnued

TEMP OC

A I R I',ATER

O2 BOD N02-N N05-N P04-P
-atoms/ I)(

SAMPLE

NUMBER

oa227B
oa229l
oo2289
oo2292
00230 I

oo2305
0023t2
002325
oo23t9
o02330
oo233B
a02346
002548
002353
00236t
oo2370
002375
oo2319
002391
oo2396
002403
oo2407
0a2412
0a241 4
002429

T IME
(EST)E

Stat ion B
0.4
0.7
0.7
0.6
0.8
t.0
1.2
0.8
0.9
0.8
0.9
t.4
t.3
1.3
t.2
t.5
t.4
t.2
t.0
0.8
0.6
0.3
0.4
0.4
0.5

0.8
0.7
2.O
1.7
2.8
5.0
9.3
t.7
5.8
7.9
8.2

r0.7
r0.5
10.3
10.7
t0. I

to.2
t0.0
6.0
2.3
1.5
0.5
l.l
0.5
o.2

0.t
0.1
0.4
0.3
0.5
0.6
0.6
0.5
0.4
0.4
0.4
0.3
0.1
0.1

<0. I

0.4
0.4
0.3
0.5
0.3
0.4

<0. I

<0. I

o.2
<0. I

3.7
tC

*
l(
*
*
t.5
1.8
2.3
1.5
2.6
1.4
2.7
5.0
*
*

2.0
2.9
2.5
3.8
3.6
3.2
4.1

t0/6
to/ t6
to/2t
JOl27
)t/5
)t/t2
n/t8
,t I /26
t2/5
t?/Jt
t2/ J5
t2/29
)/6
t/t3
t /2a
t /28
2/5
2/e
2/ te
2/25
3/4
3/ t2
3/ te
3/22
3/2e

0930
0B l0
0850
0905
0940
0950
0900
0925
I 000
o925
09 t0
I t00
I 005
lll0
0940
I 015
I t40
0940
1il5
0910
I t55
tot5
il t5
0925
09 r0

h igh +5
low +4
h igh +4
low +4
high +5
low +3
h igh +4
high +
h igh +5
low +l
high +2
low +l
high +2
low +3
high +4
low +3
h igh +l
low +4
high +3
low +3
h igh +5
low +5

20
100
t00

0
l0
0
0

90
10

ra in
BO

l0
70
BO

100
0

100
l0
0

8.5
8.2
7.7
7.9
7.9
8.4
7.7
8.7
9.t
8.4
8.8
9.8

10.2
t0"5
rCI.5
t0.6
10.4
r0.8
t0.5
t0. B

t0.6
t2.o
t0.B
10.7
r0. I

8.5
8.1
B.l
8.2
8.2
B. t

8.0
8.1
8.5
7.8
B.t
8.2
8.2
8.1
a.t
8.0
8.0
8.5
8.2
B. t

8.2
8.5
B.l
B.l
B.l

50.0
29.O
28.O
29.O
50.0
30.0
50.0
29.O
50.0
30 .0
31.0
29.O
30.0
29.0
30.0
28.0
29.0
t0.0
30.0
28.O
30.0
50. 0
3r.0
30.0
3t.0

17.0 16.0
t9.0 24.O
I 4 .0 23.5
t0.0 22.0
9.0 20.0
t0.5 22.0
10.0 t7.5
6.0 17.0

-0. 5 I 9.0
5.0 19.0
9.5 15.5

-5.0 12.0
-7.0 9.0
-6.5 7.5
-2.5 9.5
5.0 9.0

-7.0 I 0.0
-4.0 e.0
7.0 9.0
6.5 ll.0
3.0 t3.0
0.0 8.5
6.0 . 14.5

-r.5 12.0
6.0 15.5

S

S

S

S

S

S

S

S

S

S

S

s
s
S

S

S

S

S

S

S

s
S

S

S

S

20
40
l0
¡0
0

t/2

t/2

t/2

/z
/z
/z
/z

ol^/ +4
ow +5 l/2
ow +5 l/2

t/2

@

5.3
*

t/2
l/2



SAMPLE

NUMBER

T IME
(EST)

TIDAL
STAGE

(HO.JRS )

\
CLOUD

COVER DEPTH
( FEET)

Table l. Continued

TEMP OC

AIR }.IATER
O2 BOD N02-N

to/6
t0/ t6
ta/21
to/27
n/5
n/t2
n/t8
n /26
t2/5
t2/ u
12/ t5
a2/29
t/6
1/ t3
t /2t
t /2s
2/5
2/e
2/ ]e
2/25
3/4
3/ t2
3/ te
3/22
3/2e

091 5
0800
0840
0900
0930
0940
0905
0920
0955
0920
0905
I 055
t0t5
I t05
o935
I 030
I 135
0930
I r00
0905
t t45
I 000
1ilo
0910
0900

low
low
low
h igh
low
h igh
low
h igh
low
h igh
h igh
h lgh
low
h igh
low
h igh
I c¡w

h igh
low
h igh
low
h igh
low
h igh
low

)

40
40
t0
l0
0

?s
30

100
100

0
l0
0
0

14.
14.
lt.
15.
9.
8.
4.

-t.
3.
B.

-3.
-6.
-6.
-5.
4.

-8.
-3.
7.
8.
3.
0.
4.

-t.
4.

SALINITY
( 0/00)

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

H( )(
N05-N P04-P

-atoms/ I

oo2277 +4
+5
+3
+5
+3
+3
+4
+5
+3 t/2
+4
+ t/2
+3
+l
+2
+t t/2
+Z
+3
+4
+3
+t l/2
+4 t/2
+2 t/2
+3 t/2
+5 t/2
+5

Staf ion C

t4.0
I 5.0
t4.0
t2.o
t0.5
t2.o
t0.0
t0.5
lt.0
8.5
7.0
3.0
5.0

-t.0
2.5
3.O
0.0
o.5
3.5
3.5

'3.0
5.0
3.5
4.0
6.0

S

s
S

s
S

S

s
s
S

S

S

S

S

S

S

S

S

s
S

S
cJ
S

S

s
S

t. B.l
8.2
8.3.
B:3
8.5
8.t
B. t

8.2
8.4
8.0
8.2
8.5
8.5
8.3
B.l
B.l
B.t
8.5
8.4
8.5
8.4
8.4
B. t

8.2
8.2

30.
50.
29.
29.
30.
3t.
30.
30.
30.
30.
lr .
29.
30.
30.
30.
29.
30.
t0.
29.
28.
30.
30.
32.
30.
3t.

0
0
0
5
0
0
5
0
0
0
5
0
0
5
0
0
0
0
0
0
5
0
0
0
0

9
B

B

I
I
B

7
I
9
I
9
0
0
I

I

I

I

I

3.t
It
*
tf
*
*

I

3
!

5
4
6
9
I
4
9
3
5
6
7
I

2
7
B
4
5
I

4
I

6
9

0.
0.
t.
t.
2.
4.
9.
t.
5.
7.
8.

t¡.
to.
10.
10.
lt.
9.
9.
6.
0.
l.
0.
l.
0.

<0.

I

I

2
2
3
5
5
5
5
5
4
3
3
3
I

3
3
3
2
I

4

2
2
I

I

<0
<0

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

<0
0
0
0
0

<0
0
0
0
0

<0

B

5
9
5
7
7
I

5

6
6
2
3
0
2
5
6
9
5
I

6
0
5
0
2
I

0.5
0.4
o.7
0.5
0.8
0.9
l.t
0.8
0.9
0.9
0.9
t.3
1.2
t.2
1.4
1.7
1.2
1.t
0.8
0.4
0.4
0.2
o.2
0.2
0.3

t/2
o0228B
oo229t
002500
002304
0023t3
042324
o02320
oo2329
o02337
oo2345
002349
oo2352
oo2360
002369
oo2374
oo2377
002392
oo2395
oo2402
002446
0024t I

0024t5
002428

/z

/z
/z

1.0
t.2
2.3
5.0
2.7
¡.5
2.5
2.5

t(
*

2.9
tç

3
3
3
3
4
3
4

5
2
5

6
0
6
3

\o

t0
ra in

BO

0
60
90

100
0

t00
l0
0

il.
12.
J2.
12.
l2.
lt.
10.
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TIDAL
STAGE

(HOIJRS)

CLOIJD
COVER

Table l. Continued

TEMP OC

AIR WATER

O2 BOD N02-N NO3-N P04-P
-atoms/ |

SALINITY
( 0/00 ) ))((

DEPÏH
( FEET )

SAMPLE
NUMBER

T IME
(EST)DATE

Statlon D <0.1 0.8 0.2
0.1 0.6 0.4
0.2 I .8 0.6
0.2 1.6 0.5
0.4 5.1 0.8
0.5 4.6 0.9
0.5 9.7 l.l
0.4 1.6 0.8
0.4 5 .6 0.9
0.5 8.4 0.8
0.4 8.3 0.9 õ
0.3 10.0 1.2
0.1 10.3 1.5
0.5 ll.0 1.4

<o.l 10.4 1.5
0.3 ll.9 1.9
0.3 ll.9 ¡.3
o.2 10.6 l.l
0.3 7.6 0.9
0.2 4.6 0.7
o.2 4.3 0.4
0. r 0.2 0.2
0. I 0.7 0.2
o.2 0.5 0.3

<0.1 0.1 0.5

4.4
*
tf
*
*
tÊ

1.2
t.9
1.9
2.9
2.3
2.3
1.6
3.3

)C

tÊ

3.4
4.4
3.9
3.3
4.8
4.7
5.0

9.4
8.5
8.0
8.5
8.5
8.5
8. I

9.3
9.7
9.1
9.2

t0.4
t0.9

8.4
8.3
8.2
8.5
8.5
8.2
8.1
8.2
8.4
B.l
8.3
8.5
8.5
8.3
8.5
8.2
8.2
8.3
8.4
8.2
8.4
B.l
B.l
8.2
8.3

30.0
50.0
29.0
29.0
30.0
3r.0
30.0
10.0
32.O
30.0
3t.0
30.0
30.0
50.0
30 .0
29.0
30.0
30.0
30.0
29.O
50.0
50.0
5t.0
50.0
50.0

t3.0
t5.5
13.0
t3.0
t0.0
9.0
8.5
9.0
7.5

' 7.0
7.0
3.0

-t.0
0.5
2.0
0.0
0.0
3.5
t.0
2.0
2.0
3.5
4.0
5.0

t7.0
t6.0
t3.0
J3.5
10.0
10.5
t0.0
4.0

-2.5
3.0
9.0

-4.5

1/2
t/2

t/2
J/2

t/2

t/2

J/2
t/2
t/2
t/2
t/2
t/2
t/2

-6.
-3.
3.

-8.
-l

5
4
2

-l
4

-l
5

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

s
S

S

S

S

S

S

S

S

s

tol6
tol t6
tol2t
)o/27
il/5
n/t2
il/t8
J)/26
t2/5
12/ n
J2/ t5
t2/2e
t/6
t/13
| /2t
t /28
2/5
2/e
2/ t9
2/25
3/4
3/ t2
3/ te
3/22
3/2e

002276
o022BO
002?.87
oo2290
002299
oo2303
oo23l4
o02323
oo232l
oo2328
oo2336
002344
0a2350
00235t
002559
002368
002373
oo2376
002392
002394
00240 I

002405
0024 I 0
002416
oo2421

0910
0750
0850
0855
0920
0935
09 r0
0910
0945
09r5
0900
I 050
I 020
I t00
0930
1025
I r30
0925
r t05
0900
I t40
0955
I 105
0935
0850

low +4
low +5
low +5
h igh +5
low +3
high +3
low +5
h igh +4
low +3
high +4
high +
h lgh +5
low +l
h igh +2
low +l
high +2
low +3
high +4
low +3
high +l
low +4
high +2
low +3
high +5
low +4

80
40

0
l0
0

50
50

100
t00

0
t0
0
0

90
l0

rain
BO

l0
70
90

t00
0

t00
l0
0

3.8
tÉ

.5

.3

.3

.7

.7
q

.B
12.4
12.3
t2.l
ll.B
il.1

5

0
0
0
5
5

0
5
0
0

2
0

*BOD ¡ ncubator ma I funclion
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4.0 BIOLOGICAL INVESTIGAT lONS

4.1 Pr imary Product ion

The decline in fhe concenfration of chlorophyll a noled at the end of
fhe summer quarter of 1975 (Semí-Annual Report No. 2A) was succeeded by a
slight peak at all stations in early October (Table 2 and Figure 3). This
was followed by a general decline fo minimal levels during the winter months.
Station D, however, leveled off from mid-November fo mid-Decsnber and then
resumed its decline. A sharp peak was noted for all stations on February 25, 1976,
with fhe exception of station A, which peaked on the following sampling date
(lt4arch 22). Chlorophyll a peaked al approximately the same time last year and
w€s generally of the same magnifude (Semi-Annual Report No. lA).

Ranges for chlorophyll a and other accessory pigments for the period
were:

Chlorophyll ø
b
v̂

Caroteno i d s

During the fal I quarter l4Oarbon surface assimi lafion rates decl ined at
al I slations. General ly, minímal levels occurred in the winter months, however,
a peak was noted on February 25 (Table 51. The magnitude of fhe peak at
station A was low in comparison to the other stations (Figure 31. With the
exceptíon of station A, surface production rates peaked and declîned on the
same dates as chlorophyl I a.

Mean assimilation rates for the fall and winter months were variable
(Tables 4 and 5). ln the fal l, the lowest mean assimi lation rates at 100l',

I ight þtensity occurred at station B, fhe discharge canal (Figure 4). This
had also been noted for the fall months of 1973 and 1974 (Progress Report No. 9
and Ssni-Annual Reporf No. lA).

During fhe winter quarter (January - March,1976) mean assimilation rates
general ly exhibited the classic phenomenon of reduced uptake af'the surface
and increased uptake at 50f il lumination (Figure 5). At station B the mean
production rates at the l00l' level increased relaf ive fo the fall months
(Table 5). Sfation A had the lowest mean assîmilation rates at all light
íntensifies (Figure 5).

4.2 Adenosine Triphosphate (ATP)

Routine ATP samples lvere collected f rom f ive stations during the
sampling period (Figure l). ATP levels fluctuate6 greatly during the period,

/n3
/n3
/n3
/n3

0.59 - 14.40 mg

0.00 - l.6l m9

0.00 - 4.87 mg

0.18 - 6.52 ng
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Table 2. Chlorophyll counts (mglm3) in Salem Harbor,
October 1975 - March 1976.

Date Station Chlo

t0/2t

n/t2

t2/ t2

t/6

1/2t

ll a Chl h ll b Chloro h ll e Carofenoids

.t5

.70

.78

.75

2.56
2.47
1.69
0.92

,23
.60
.8t

0.70
0.57
0.45
0.4 t

0.42
0. t8
0. t9
0.5 r

27
5Z
44
9t

2.69
6.22
6. t6
6.52

A

B

c
D

A

B
c
D

A
B

D

A
B

c
D

A

B

c
D

A

B

c
D

A

B

D

B

D

¡

8.28
7. 00
8. t6
7.85

.36

.il

.95

.12

I .87
I.9t
I .89
I .94

5.7 6
t 5.98
12.90
t 4.40

7. t8
9.59
9.73
7 .46

I .45
t.6t
t.t5
0.92

{).46
0.7 t

0.55
0.27

0.00
0.00
0.00
0. 00

0. 00
0.02
0.08
0. 00

3.54
4.31
4.63
3.78

4.87
3.83
4.57
4. t3

3
2
2
2

2
I

I

I

4
3
3
4

2
2
2
4

I

0
0
0

I

I

0
I

90
72
64
27

59
45
49
54

09
84
85
59

.05

0.79
0.53
0.67
0.27

0.2t
0.26
0.22
0.03

0
0
0
rì

0.
0.
0.
0.

61
36
00
9t

44
85
00
95

62
45
46
69

0.12
0.43
0.24
0.00

00
06
t6
03

lb
8t
49
07

I .50
5.09
2.33
2.63

0.25
2.67
2.88
3.51

I .96
2.50
3. t3
2.44

2.
t.
2.
0.

0.
0.
0.
0.

0.
0.
0.
0.

0
0
0
0

2/e

2/25

3/22
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"rsimitation $gtaç¡tlhr) takenat the surface for stafions A - D in Salem Harbor,

October 1975 fhrough March 1976.

2tt2 1262t
October li,ovember December January

9' 25
February

22
ft4a rch

-A 

------ B -.-.-.-c -.-_-_D

:

t\
iiì
Ë\\
{!ì

.l

\
t

ù

f
t

I
o^
EGo\
o-y
>.sl
oo)gq

o-

Irti
¡!
il
ï
x
I

1t.t
\r

t
t

\,,
ì
I
\r

.ii

ri

i

,il

it

l
l

2tt2t262t
0ctober November December January

*Staf ion B sample lost
**Staf ion D sample lost

925
February

22
March

.¡

ll

tli

"l
,ì

i
I



t4

Table 3. Primary product¡on (l4C) in Salem Harbor,
October 1975 - March 1976'

Light
I ntens i ty

(fi)
Temperature*

oc vsl4c/Llhr
Depth
( Feet )Date Stat i on

t0/2t

Í tt/12

A t00
50
25
t0
2

t00
50
25
t0

I

r00
50
25
t0

I

0
3
7
,)

13.5

13.5
13.5

13.5
13.5
13.5
t3.0
t2.5

r3.0

20.0

t2.0

los
60.
36.
36.

7.

80.4
8t.2
66.6
39.3
I osf

I osl
I ost
69

23.5
J2.3
8.5

27.0
t¿. ¿

t7.6

40. 6
46.3
47 .l
t8.5
2.9

62
58
43
23

7

I
4
9
9
2

t
2
I

4
4

22
20
t6
t3
t2

22

0
3
7

t2
24

0
3
7

t2
24

B

c

0
0

5

5
5
0
0

5
5

0
5

5
5

0
5

3.5
3.5
3.5
3.5

0
0
0
0
5

3.5
3.0
2.5

4.5
8.9
3.8
6.7
1.7

39.
8.

0
3.5
7.5

I 2.0
24.5

D t00
50
25
t0

I

r00
50
25

t00
50
25
t0
2

3

0
5

0
6.

t2.

0
6.

t2.
20.
34.

0

A

B
0
0
0
5

D

r00
50
25

r00
50
25
l0'
2

6
t3.

0
6.0

t2.0
20.0
34.5

t0. 5
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Table 5. Continued

Date Stat i on

L ight
lnte'ns ity

(l) Depth
( Feet)

Temperature
oc

I

,l

ysl4c/L/hr

6.2
8.9
8.0
4.'
2.t

7.t
5.4
7.9
7.1
2.8

0
3.5
6.5

I r.0
2t.5

B

6.5
6.7
5.9
2.3

0
4.5
9,0

t5.0

4
5
2
4
9

l.t
0.6
0.6

<0. I

0.4
1.2
1.0
3.6

1.0
t.t
0.9

0
0

0c

I
t
7
I

100
50
25
t0

r00
50
25
l0
2

r00
50
25
t0

r00
50
25
l0

t00
50
25

t00
50
25
l0

0
6.5

t3.0
?t.5

0
7.5

16.5
27.0

I
16.

0
8.0

t6.0
27.A

8.0

17.5

8.0

8,0

2.0

I r.0

3.0

0

5
5
0
5

0
3
7

t2
20

A ro0
50
25
l0
2

100
50
25
t0

I

t2/ u

t/6

î

5.
,.
7.
4.
t.

0
0
5
0

0
4.
8.

13.

c

D

A

B

23

D 0.
los
t.
0.
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Table 5. Continued

Date Stat ion

L ight
I ntens ity

(%)
Depth
( Feet)

Temperature
oc uql4c/t/n,

0.8
0.7
0.9
0.3

A

0.6
t.2
t.2
0.8

1.4
3.5
3.3

0
8.0

I 5.0

c

4.2
0.9
1.3
)7

Ð

3.3
2.3
4.2

0
8.0

t6.5

A

5.4
5.5
3.2
3.4

0
7.5

t5.5
25.5

B

3.6
5.6
3.9

r00
50
25I

4.8
5.3
5.2

D

t00
50
25
t0

t00
50
25
t0

t00
50
25

r00
50
25
t0

r00
50
25

r00
50
25
t0

t00
50
25

0
7.5

t 4.5
24.0

,0
7.5

t5.5
25.5

8.0
r6.5

0
8.0

t6.5

1.0

9.5

0

0.5

0.0

5

5
0

0
7

l4
24

B

t /2t

2/e
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Table 3. Continued

Date Station

Light
I ntens i ty

(í)
Depth
( Feet)

Temperafure
oc ug t4c/t/nr

l

I
-:

t

2/25

3/22

A

B

c

t00
50
25
l0

r00
50
25
t0
2

r00
50
25
t0

t00
50
?5
l0
2

r00
50
25
t0

t00
50
25
l0

I

r00
50
25
t0

r00
50
25
t0
2

0
6.0

t2.0
20.5

0
5.5

1t.5
I 9.0
32.0

0
5.5

t0.5
t7 .5

0
5.5
il.5
t9.0
32.0

3.5

il.0

3.5

5.0

5.0

t4.0

5.5

qq

I 13.3
t55. r

t03.5
43.4
6.5

42.4
4l .0
42.8
t7.6

99. I

t74.1
I r6.5
33.6

25.6
37.2
40.5
36.6
n.2

I ost
55.8
65. 0
34.7
3.6

g

I
F
r

ü,

i

t5.7
89.4
58.2
61.7
I 5.0

D

28
24
35
23

0
4.5
9.0

t5.0

A I

2
I

I

9
9
5
4

0
4.5
9.0

r5.0
30.0

B

at

5
0
0

5

0
0
0

0
4
9

t5

0
4
9

t5
25

c

D

23
55
45
28

*Beginning on Novsnber 12, 1975 oply surface temperatures recorded.
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Table 4. Mean primary productîon levels (ugl4c/¿/nr¡ in
Salem Harbor, October through December, |r975'

Stat i on -
Relafive

I ight
intensity

(%)

D
A

Mean Range Mean Ran e Mean Range Mean
Ranqe

t00

50

25

t0

x2 samp I es on lY
ttno samP I es

6-63

9-58

8-44

x4-24

*2-7

Table 5.

x7-14

5-60

8-36

7-36

2-7

6-80

7-8 r

6-67

*2-39

tt

*5-4 I

x6-46

7-69

4-39

2-8

20

3l

?6

l4

4

10

28

t9

t7

6

38

37

50

20

22

26

4t

20

4
s2

u"un plirary production levels (ug l4c/t/a'l
Sa lem Harbor, January through March , 1976'

ln

Staf ion
Relative

light
i ntens i Ty

(%)

B c D
A

Mean Ranqe Mean Ranqe Mean Ranqe Mean
Ra nqe

t00

f0
25

t0

0.8-42

0.6-4 I

0.6-43

x*0 -24

tt

0.4-il3

| -155

| -104

0.8-43

t

| -99

| -174

0.9-t l6

x28 -34

t+

*x0.8- I I 6

xxo. 9- I 89

| -l58

xxo .8-62

l(/ - tÃ, t¿

t5

t4

t7

¡0

29

36

30

r8

ti

26

48

3l

3t

63

46

25

9

34

32

x2 samp I es on
xx4 samp I es on
tl sample onl

tTno samP I es

ly
ly
v
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Figure 4. Mean primary production levels (uglaC/l/nr) at relative light
intensities (Í) in Salem Harbor, October - December, 1975.
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with the lowest levels occurring at all stations in January (TEble 6).

Although ATP levels differed from sfation to station, a rsfudentrsr f
test of the mean ATP levels at all stations showed no statistically signif icant
differences between any of the stations (p = 0.05). This indicates, as does
past ATP data analysis, that there was no significant mortalÎty of phytoplankfon
caused by passage through the Planfrs infake - condenser system.

4.3 lmp inq emenf I nvestiqatÍons

Randonr Samp l ing

. Numbers of finfish sampled duríng random hours at the\Units 3 and 4

sluiteways remained low (Table 7). A total oÍ 79 individuals ( l6 species)
were taken at both s luiceways; the threespine stickleback, fustetosteus
aeuleatus, and winter f lounder, PseudopLeuroneetes oneríeøtttg, comprised 461

of the tota I .

Unit 3, moniTored f or 72 hours, yielded 47 f inf ish ( l0 species). Unit 4

yielded 32 f inf ish ( l2 species) during 42 hours of sampling. lmpingemenl
rafes for Units 3 and 4 were 0.7 tishlhr. and 0.8 f¡sh/hr., respecfively.
gbserved mortality, based on absence of opercula beats' was 19fr at Unif 3 and

50í at Unit 4.

24-hr lnvestigations 
.

lmpingement investigations were conducted at the Units 5 and 4 sluiceways
lor 24 hrs on November 6 - 7, 1975 and on FebruarY 5 ' 6, 1976. However,
Unit 4 was not operating during the February study dates and therefore was

not sampled.

Thirfy-nine finfish (9 species) were faken on November 6 - 7 at the
Unit j sluiceway and 64 f inf ish ( l3 species) at f he Unit 4 sluiceway (Table 8).
A fotal of 17 species were col lected. Seven species cornprised 84Í of all
f¡nf ish taken, namely red hake, Woplrycis ehuse; winfer f lounder; blueback
tftrr¡ng, Alosa aestíúaLis; grubby, ttyæoeeplnlue ael¿aøus'i rainbow smelt,
1snenß mordns; pol lock, PoLLaehius uí.?ens; and windowpane, Seophtha'lsruê
aquosus. lmpingement rates were 1.6 f ish/hr (Unit 5) and 2.7 f Îsh/hr (Unit 4).
¡¡órtality was Søl a+ the Unit 3 sluiceway and 72í at the Unif 4 sluiceway.
As noted in previous progress reports, the greater incidence of mortality
experienced at the Unif 4 sluiceway is attributed to an Încrease in physical
stress.

At the Unit 3 sluiceway on February 5 - 6,239 finfish (6 species) were
taken (Table 9). Threespine stickleback comPrised 76% of the tofal catch.
Mortal ity was 7Í and the impingement rate was 10.0 fish/hr.

A northern puffer, Sphaeroides maatLatLts, was taken during the 0600 - 0800

sampling interval on November 7. This species is uncommon north of Cape Cod
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Tabl e 6.

2l

Adenosine trïphosphate (mygATP/L) levels in Salem
Harbor, Ocfober 1975 fhrough March 1976.;:

È

Ì-

l9t, t976
2/eSfation lO/21 ll/12 t2/t1 t/6 t/zt 2/25 3/22

t¡

f
i

:. 1
ilt'i
gj
'i!t:
!l
$d

z

3

4

5

7t0

47A

430

460

570

390

340

250

22A

350

5r0

220

?80

100

220

260

90

50

260

210

2t0

t60

210

190

4t0

350

510

370

290

200

790

800

t320

t440

750

t200

750

I 080

990

260

É

þ

I



Table 7.

\
Total numbers of finfish taken in Unlts 3 and 4 slulceways, October 1975
through March 1976.

ta/3 )o/3 t0/6. l0l10 lolt6 t0/20 ¡ 28 t\lze t,/ze n/4 ill5 nltl
00 00 0

0900 I 100 I 100 0900 I 500 0900 1600 I 200 1400 1000 1400 1400(EST)

Tidal
Stage L+5 l/2
(Hrs)

H+l L+4 l/2 l-l-Þ5 1/2 H+5 l/2 L+5 L+4 H+5 L+l L+4 H+l H+3

Spec i es

murunichog
b lueb_rack herr i ng

Atlantic silverside
rainbow smelt
winter f lounder
alewlfe

red hake
b I ueback herr i ng
grubby
wi nter f lounder
Atlantic menhaden

Unlt 5

Unit 4

t

Tota I s*

(3)
(3)

I

2
2
I

I

!

2

2
3
5
4
3
I

I

2
I

2
5

2
( N

N

(

)

2

2(5
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Table 7. Contlnued

il/ë tJ125 t2/2 t2/5 tzle tz/e t2/3t t/2 1/B t/e t/t4 t/t6
( EST)

Tidal

Spec i es
slage L+l l/2 L+3 l/2 u+s H+ )/2 L+] l/2 L+5 l/2 H+3 L+2 tlz t1+5 t/2 t+ t/2 H+4 t/2 H+t
(Hrs) ToÌa I s*

Unlt 3

I 000
t200

1200
I 400

I 400
I 600

r 200
I 400

I 000
I 200

Unlt 4

I 400 I 200 0800 0800 t000 I 200 t000
t600 t400 t000 t000 1200 1400 t200

t4

*lt ** t(* ** **

blueback herring
whlte hake
w i ndowpane
threesp ine stickl eback
fourspine stickleback

mackerel scad
ra inbow smelt
cunner
Atlantlc si lverside
American eel

I

I

I

4
I

il)

**

2
I

2
I

il)
(2)

2 (2)
I il)

I

2
I
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Table 7. Contlnued

t/t6 r 23 t/26 I 30 2/3 t6 2/20 2/24
I 000 t20

3/5 3/ t8 3/26 3 26

(EST)
I 400 I 200 1200 1400 1400 200 I 200 1600 t400 1600 1000 1200 I 600

Tidal
Stage H+3 L+l
(Hrs)

H+4 l/2H+2 l/2 H L+5 l/2L+2 t/2L+2 H+l l/2H+l l/2L+2 t/2H+3 L+ l/2

Unit 5

Tota I sx
Snecles

ra i nbov', sme I t
threesp i ne stickl eback

I

0 (26
Unit 4** --r- ** ***r( **** *l( **

Atlantic silverside
winter f lounder
w i ndowpane
threesP i ne st ickl eback
ra i nbow sme I t

*Number of dead fish shown in parenlhesis'
tTra.Ps removed by Power Plant personnel'
**Unit shut down

l(*
I

2

I

0
I

I

I

B

I

I

il)
ß)

(

(
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Table B.

Soec i es

b I ueback herr i ng
wi nter f lounder
unidentifiable
skatet
w i ndowpane
threesp ine stickl eback
red hake
grubby
rainbow smelt
northern puffer

winter flounder
cunner
grubby
red hake
blueback herring
I umpf I sh
rainbow smelt
pollock
Atlantic silverside
northern pipefish
white hake
alewife
si lver hake

*Number of dead fish shown in parenthesis.
tl ¡ttle or winter skate

Total numbers of finfish taken in Unlts 3 and 4 slulceways during a
continuous Qa-hr investigation, November 6 - 7, 1975.

November 6 (0800 EST) - November 7 (0800 EST)
T lme 0800 I

(EST) t000 1200 1400 1600 lB00 2000 2200 2400 0200 0400

Unit 3----2

0400
0600

0600
0800 Tota I s*

3 7(I
3
I

I

7
I

B

5
4
I

)

il)
(1)

3
I

I

I

2t

22
3 2

3

(7)
il)
(4)
il)

Unlt 4
N\¡

3
2
I

3 2
I

9

ll (3)
3Q)
3Q)

20 ( tB)
5 (4)
I

4 (4)
7 (7)
3 (3)
I

r il)
2Q)
I

52
I

I

4

I

2
6



Table 9.

Spec i es

threesp i ne st i ck I eback
ralnbow smelt
ninesplne stickleback
w inter f lounder
grubby
foursp lne stickl eback

*Number of dead fish shown in parenthesis.

Februa 5 ( 1000 EST) - Februa 6 ( 1000 EsT)
l4 I 600 0400

l40O l600 l8O0 2OOO 22OO 2400 0200 0400 0600 0800 1000 Totalsr

Unit 5
26 tBl

]3
20
t7
7

I

\
Total numbers of finfish taken in Unlts 5 and 4 sluiceways during a

continuous 24=hr investigation, FebruarY 5 - 6, 1976-

T ime
(EST) I 200

3
t5
10
2

4
9)
3)
4)
D

12 t6 56 4l 27
I

2
II

5
I

2

?
I

I

3
I

Unlt 4

(Unit shut down)
N)
Ot
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(Bigelow and Schroeder, 1,953) and is therefore considered as a rare occurrence
for Salem Harbor.

Diurnal Patferns

During fhe 24-hour investigalion conducfed in November, 401 of fhe total
cafch was obtained during the period I l/2 ho.ur after sunsef to l/2 hour before
sunrise ( l2 hours).

A total of 198 finfish were faken during the period one hour after
sunsef to one hour before sunrise (12 hours) in February. This represents
85f of all f inf ish col lected on this date. The threespine stickleback
cornprised 77% of the nocturnal catch.

Mortal ify

Certaín finfish appear to be more susceplible to impingement induced
mortal íty. For fhis reporting period fhose species most susceptible were
pollock (100Í); red hake (86f); Aflantic silverside, Menídíamenídía (82Ð;
b lueback herr ing Q4Ð; and ra inbow sme lt (59%). Those less suscept ib le to
morta I ity included ninespine stickleba.ck, Puxtgí,tius ptrtgit¿us Q0% morta I ity) ;
grubby (19í); winter flounder (15í); threespine stickleback (5Ð; and windowpane
(OÐ. The percent morfality for each species is presented in Table 10.

¡

t

r

at

r
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Table 10. Total numbers of finfish faken and percent_morfalify observed in

Unit3and4stuicewaysduringrandomandZ4-hourinvestigations
October 1975 - March 1976'

Unit 4 Unit 5 and 4
Spec i es Unit 3

threesP i ne stickl eback
w inter f lounder
ra inbow smelt
red hake
n i nesp i ne st i ck I eback
blueback herring
grubby
Attantic si lverside
w i ndowpane
pol lock
Atlantic menhaden
cunner
alewife
fourspine stickl eback
munvn i chog
white hake
American eel
I umpf i sh
mackerel scad
northern PiPefish
northern Puffer
silver hake
s katex

22
I

20
t2
t2

5

I

I

25
7

2t

206
?3

I

2
2
I

(5)f
(4)

(45)
(88)
(20)
ß7)
(8)

(60)
(0)

( t00)
(24)

( t00)
( 86)

7 (86)
4 (50)
6 ( 100)r (0)
7 ( 100)
5 (40)
4 (50)
2 ( t00)

( r00)
( r00)

(0)
( r00)

(0)

207
48
29
?9
20
t9
t6
ll
9
7
5

4
3
2
2
2
I

I

I

I

I

I

I

(5)
( r5)
( 59)
(86)
(20)
(74)
( t9)
( 82)
(0)

( r00)
(40)
(50)

il 00)
(0)
(0)

( 50)
( t00)

(0)
( t00)

(0)
( t00)

(0)
( t00)

00)
(0)
(0)
(0)

I ( 100)

r ( t00)

(0)

fPercent mortal ity in parenfhesis
xÑot separated bY sPecies
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5.0 APPENDIX f

SAMPLING PROCEDURES

SAL IN ITY

Ì

$

t
$

F

*

Laboratory Ana I ys i s: . D i rect read i ng from an American Optical 10419 T,C.
Sa I i n ity Ref racfometer.

HYDROGEN ION

Laborato Ana I sts: Determíned with a Beckman Model 5500 digifal pH
meter. u or sal inity and femperature according fo Strickland
and Parsons (1968)

DISSOLVED OXYGEN

Field Collection: 30Q nl/ sample of seawater fixed with I ml manganous
sulfate reagent and I ml alkal ine iodide reagent.

Laboratory Ana I ysis: Titration by Winkler method.

BIOCHEMICAL OXYGEN DEMA¡¡D

Field Collection: .500 mllsample of seawater.

Labora Ana I s Ís: Tifration by I'Iinkler mefhod following 7-day
ncu on

N ¡TRATE

-_ Field Col lection: 500 ml/sample of seawater.

Laboratory Analysis: Cadmium - copper column reduction of Nitrafe to
Nitrite and ulfraviolet spectrophotomefric deferminaf ion from
Str ickland and Parson s (op. eít. ) .

N ITRITE

Field Col lection: 500 mllsample of seawater.

.'Laborato Analysis:
Parsons (op. eít.).

I

Í
û

t

þi
þ'
*

Spectrophotomefric method from Strickland and
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INORGAN IC PHOSPIIATES

Field Collection: 500 mllsample of seawafer.

Laboratory Analysis: l'4rcdif ied coforimetric defermination from Sfrickland
and Parsons (op. eít.).

CHL0ROPHYLL /

Field Collection: Surface seawafer îs f iltered through a 316 micron
ffiinfoaonegallonnalgenebottleandstoredinalight-
proof box for transporf to the laboratory.

Laboratory Analysis; Samples are sfored in a cool dark place nof
éxCeeì I ng e ight hours f rom co I I ecf ion. Est
cel I pigments is made spectrophotomefrical I

method outl ined by Sfrickland and Parsons (

imaf ion of extracted algae
y using the SCOR/UNESC0
op. eit. ) .

ICHTHYOPLANKTO.I

Field Collection: 0blique (bottom fo surface) tow with Ocean lnstrumenfs
60 cm paired aluminum bongo frames, €Quipped with 505 u mesh nets. Nets
are towed for a minimum of 5 minutes at a vessel speed of 2 knofs. The
nets are returned, while The Vessel is undervlay, at approximately one
ft per second. Net deplh is determined wíth an Endeco Type l2l trans-
ducer. Vessel speed is defermined with the vessel rs fachometer. Filtered
water volume ís determined with two General Oceanîcs Î'4odel 2úA digital
flow meters.

Laboratory Analysls: Eggs and larvae are renìoved from each sample,
erved for storage in a 5ß buffered formal inidentified, enumerafed and pres

solution.

SLJJ ICEWAY INVEST IGAT IONS

Field Collection: Finf ish, invertebrates and marine vegetation are
sampled in the íntake slu icëways fo Units 3 and 4. Traps, consfrucfed
of l/2 in welded steel rod and covered wifh l/4 in mesh galvanized
screen, are periodically placed in the respective sluiceways for two
hour infervals. Al I organisms are idenTified, enumerated and measured.
Water temperatures and sal inities are recorded during each sampl ing
i nterva I .

TEMPERATURE f.4ON ITOR ING

fn sittt monitoring is conducted with Endeco 109 confinuous recording
thermographs. Thermographs are instal led at prescribed locations and

depths by personnel uti I izing SCUBA. Temperature data is retrieved at
approximately 30-day intervals and del ivered to Environmental Devices
Corporation for reducf ion and verif ication.
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ADENOSINE TRI PHOSPHATE

Labora Ana I sís: ATP îs assayed enzymatically using the luciferin_uciferase b o um nescence system outl íned by Sfrehter il969).

l4c

Field Col I ect ion :

r9l!-Çollec+íon: 
f?ltowing removal of zooplankton with an g0 micronmesh net, water is filtered through a 2.4 ar/n nillipore filtår refainedín a Swinex 25 f ilter holder locked befween fwo 50 mi oisposaùiesyringes. After f í rtration the f irfer puã it ,*oved, quick f rozen on

9"y ice, and placed in a rabered grass viar for transporf to thelaboratory' Al I samples rsnain fiozen unti I ånalyzed. Tripl icate samplesare col lecfed at each sampl íng site.

At.depths determined by a j0 cm secchi disc ( l0O,relafive I íght infensify), unfiltered water is 
'

rs in 300 ml BOD botfles contaíning a solution of
, Dyplicate sampres are coilecfed în ríghi uÀJ àu.r.¡y lollowing incubation ail sampres are pracàã in uer for transport to the laborafàry.

Followíng filtratíon of phytoplankton from
uptake of f ixed radioacfive càrbon rs determinedStrickland and parsons bp. eít.) modíf ¡eO-to use

Ë

1

:

I
:

",:

I

I

50 , 25, 10, and
incubated 2 - 4 hou
radioactive carbon.
boft I es. I mmed iate
I ighf proof contain

Labora Ana I ts:
seawa r samp êS,
by the techniques of
liquid scintí llation.

å.r

a

2

:

îþr
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