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FOREI{ORD

The Massachusetts pivigion of lvater Pollution Control was established by the
Massachusetts Clean water Àct, Chapter 21 of the General Laws as amended by
Chapter 685 of the Acts of 1966. Included in the duties and responsibilities
of the pivision is the periodic examination of the water quality of various
coast,al vraterg, rivers, strea¡ns and ponds of the co¡nmonwealth, as stated in
section 21 , Paragraph 5 of the Àcts. This Eectj-on further directs the Division
to publish the results of such examination together with the Etandards of water
quality established for the various waters. the Technical Services Branch of
the oivision of water Pollution Control has, ¿rmong its responsibilities, the
execution of this directive. This report is published under the Authority of
the Àcts and is a¡nong a qontinuing series of reports issued by the Division
presenting water quality data and analyses, water quality management plans,
baseline and intensive limnological studies and various special studies.
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AltStrttÀgt

Detailed rrater column profiles of dissolved oxygen (Do), t DO saturation,
density, temperature, and salinity \.rere obtained at fifteen sites in
HassachusetÈs Bay and salem Sound on July L9, and Àugusl 28,1990, uaing a
seabird cto profiler modified with a Do sensor. The Salem Sound sites were
located in the vicinity of the South Essex sewage District (SESD) outfall and
in Marblehead channel at varying distances from the outfall. Measurements in
the aay erere made in the vicinities of two sites being considered (by sEsD) for
relocation of the sEsD outfall.

In July the Do concentrations ranged from 8.5 to 10.1 mgll, with no significant
differences between the sound and the Bay. Dissolved oxygen saturation vtas
around 100t in the entire water column in both the sound and the Bay. In August,
however, the Do concentratione ranged from 5.2 Eo 9.0 mgll in the Sound and from
6.8 to 9.0 mgll in the eay. The lowest Do concentrations land the highest
"apparent oxygen utilization' values) occurred in the deepest waters of
Marblehead channel, down-current of the existing sEsD seerage outfall. The Do
saturaÈion in Àugust was about 75t lminimum of 73t) in the deepest waters of the
Bay, and ranged from only 62.5t to 71.3t at the ltarblehead Channel sites.

Although this study has extrernely li¡nited temporal coverage, it does indicate
that combinationg of certain conditions, including Etratification, temperature,
and density, can exist, which result in reduced dissolved oxygen in both the Bay
and the sound. The study also raigee guestions about how a future nodified
serdage discharge nay affect dissolved oxygen in Salem Sound, and how a relocated
sewage discharge might impact the dissolved oxygen in tlassachusetts Bay.
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INIRODUCTION

Facitities planning activities are currently underway for the South Essex Sewer
District (sEsD) facility located in Salem, Massachusetts. fssues being addressed
include upgrading from primary to secondary treatmenÈ, selecting a site for
locating the plant, and selecting a location for the outfall. The study reported
here pertains to selecting a site for t,he selrage outfall.

A critical factor being considered when selecting the outfall site is the level
to which oxygen-demanding substances in the effluent will reduce dissolved oxygen
concentrations in the water column (and sediments), and the temporal and spat,ial
extent of the impacted area. Because of the potential for adverse impacts to
aquatic organisms, resulting from loq¡ dissolved oxygen concentrations,
Massachusetts vùater Quality Standards provide strict regulations on the Do

concentrations allov¡ed in the surface $taters of the commonwealth. Therefore,
as part of the outfall siting effort, changes in Do, due to the relocation of
the outfall (or from a modified effluent discharged at the existing outfall
site), will be predicted. Predictions will be based on several factors,
including: effluent chemistry lnutrients, BoD, etc), and receiving water body
characteristics such as nutrients, sediment oxygen demand, dissolved oxygen
concentrations, primary production (or standing crop of plant matter), ltater
column density and temperature profiles, and current speed and direction.

although some Do data have been collected in Salem Sound in the vicinity of the
existing sEsD outfall and in Mass Bay in the vicinity of candidate outfall sites,
very little of the data included detailed depth profiles of the critical
variables Do, t Do saturation, density, temperature, and salinity. It is for
this reason that the Technical services Branch Marine section conducted surveys
on July 19, and August 28, 1990, producing detailed water column profiles during
this potentially critical period.

The tables in this report only present summaries of the extensive data
in each profile. The entire data record of 5155 measurementg 1of each
are available upon request if the reader requires a greater level of
of the changes in the reported variables as a function of depth in
column.

collected
variable ¡

precision
the water

MATERIAÍ,S AND METBODS

cruises were conducted on the oivision of water Pollution control'E 2l-foot
Privateer, equipped with a Loran c navigational system and depth meter for
accurately determining station locations. The 15 stations visited during the
study are listed, along with a description of their locations, in Table 1. The
maps in Figures I and 2 provide the approximate position of each station.

Depth, density, salinity, temperature, and diEsolved oxygen concentrations were
measured with a seacat SBE-19 Profiler (sea-Bird Electronics fnc., Bellevue,
llashington).

The seacat sBE-19 Profiler measures electrical conductiviÈy, temperature,
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pressure, dissolved oxygen and pH in marine environments. The responses of the
sensors are stored internally at a sampling rate of ts¡ice per second wit,h a
maximum number of samples (scansl = 211600 or up to gix hours of continuous
sa:np1ing. Data are extracted by personal computer using software provided by
Sea-Bird Electronics Inc. (seaeoft version 3.28). the software is also used to
calculate salinity, depth, density, and sound velocity.

scacat calibration:

Prior to surveys the dissolved oxygen scnoor wae oalibrated acoording to tho
procedures outLined in the docu¡nentation provided with the sensor. Saturated
oxygen current (soc) waE deter¡nined by submergJ.ng the entire profiler into a
cooler full of water that had been aerated for a minimum of two hours. zero
Oxygen Current (ZOC) was determined by flushing the dissolved oxygen sensor with
a 5t solution of Na2So3 lsodium sulfit,e). soc and zoc were then processed
through the software module "oxfit" to get the calibration coefficients.
calibration coefficients were placed into the software prior to data reduction.

outlinc of Seacat deployment procedures:

1) Profiler is deployed with sensors facing upward; therefore, only the
upcast data is considered during data reduction.

2l profiler is turned on, time and position are recorded in field log.

3) Profiler is placed in the hrater to a depth of approximately 1 meter
for a I minute equilibrium period. Bilge pump attached to dissolved
oxygen aensor is turned on upon submerEion.

4) After completion of equilibrium period, profiler is lowered to the
bottom.

s) Àfter ten Eeconds on the bottom, the profiler is raised at a constant
rate until it reaches the surface.

6) After ten seconds on the surface, the punp is turned off and profiler
is retrieved.

7 | Profiler is then turned off.

Data Managcucnt:

Àfter a aurvey has been conducted, data are downloaded to a computer in
hexadecimal format ueing the sea-Bird software. Data are then procesEed through
the softrtare to produce ascii text files for each profile. The individual ascii
files are consolidated into one file, then "Brief" lascii text editor) is used
to edit the data. Data are maintained and manipulated using dBase IV in the
TSB/Marine data management Eystem.

2



Reduction of Data¡

The surveys conducted in the suruner of 1990 generated 5155 records of data. It
t"as necessary, for the purpose of this memo, to sumriarize the data so that it
could be made available to other users as well as facilitate general conclusions
and comments. The data were processed using dBase Iv to give:

1) the first (Iowest depth) record

2l each subsequent record of the upcast profile that accompanied
a depth change of 1 meter over the previousr record

3) the last record (lrater surface¡ of the upcast profile.
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Statioa:

ss 01

ss02

ss03

ss04

ss05

ss06

ss07

ss08

ss09

r,tB01

MBO2

MBO3

MBO4

MBO5

Mass Bay,

Mass Bay,
70 43'00"1,¡

ÎÀBLE 1

JITLY 19, AUGUST 28 1990

sAtEl'{ souND, MASSÀCHUSETTS BAY SAMPLING STÀÎION LOCATIONS

(Compass bearings are in Degrees True)

Marblehead channel , 200 m south l^test of
obearing of 232 )

Location:

Salem Sound, midway between the SEsÞ outfall and buoy # c"7"

salem Sound, 450 m North WesÈ of creat Haste Island (on a
bearing of 290o¡

Salem Sound, 600 m North of creat, Haste Island (on a bearing
of5¡

Salem Sound, 250 m East of buoy * N"8" (on a bearing of 80'¡,
betr.¡een Eagle Bar to the south and gowditch Ledge to the north

Salem sound, 275 m South East of buoy * ,13.. flashing 4 seconds
(on a bearing of 132 ¡

salem Sound, 675 m East of buoy I C ,7n (on a bearing of 70 )

(on a bearing of 100 ¡Salem Sound, 650 ¡n East of buoy * c ,7,

buoy * ¡¡ r(itr (on a

South Marblehead channel, 200 m South of buoy * N "2' (on a
bearing of 180'¡

Mass Bay, 301 (h¡ waiver site, 3.3 N miles South EaEt by South
of. Marblehead Rock (on a bearing of 145 ) at 42 2g'4" N,
70 46'4" I,{

ìlass Bay, 0.5 N miles South East of MB01 (on a bearing of 140 )

0.5 N miles North West, of uBOl (on a bearing of 320 )

3 N mileE East of Bakers rsland, at 42'32,00" N,

Mass Bay, 0.5 N miles South East af MB04 (on a bearing of 104 ¡

uass Bay, 0.5 N miles North west of MBO4 (on a bearing of 2'15 |

4

MBO6



NFigure 1. Salem Sound Station Locations

Scale: 1.'=0 . 97 Nautical MiLes
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Figure 2. Massachusetts Bay station Locations and candidate outfall sites

ScaIe: l"=1.32 Nautical ¡tiles
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wat€r Quality Standards, Dissolved oxygen

The following is taken from the 1990 Massachusetts surface water çuality
Standards: (Massachusetts Division of water Pollution Control, 1990)

Class SÀ:

Dissolved oxygen - (a) shall not be less than 6.0 mgll unless background
conditions are lower; (b) natural seasonal and daily
variations above this level shall be maintained; levels
shall not be lowered below 75 percent of saturation due
to a dischargeì and 1c¡ site-specific criteria may apply
where background conditions are lower t,han specified
levels or to the bottom stratified layer where the
Director determines that desiqnated uses are not
impaired.

class sB!

Dissolved oxygen - (a) shall not be less than 5.0 ng/l unless background
conditions are lower; (b) natural seasonal and daily
variat,ions above this level shall be maintained; levels
shall not be lowered below 60 percent of saturation due
to a diEchargei and 1c¡ site-specific criteria may apply
where background conditions are lower than specified
levels or to the bottom stratified layer where the
Director determines that designated uses are not
irnpaired.
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Figure 3. lJaterbody Classifications

scale : 1..=0 . 97 Nautical uiles
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RESULfS

The water column depth, density, salinity, temperature, Do. and Percent Do
saturation data, generated during the two cruises, are summarized in rable 2.

cruise 1 (July 19, 1990)

pissolved oxygen ranged from 8.5 to 10.1 mgll with no significant difference
between the Salem Sound stations and those located in Mass Bay, or between the
surface and the bottom waters. Dissolved oxygen saturation was around 100 t in
the surface and the bottom waters of the Sound and t,he Bay. There were no
violat,ions of the current vtater quality standards for dissolved oxygen.

Temperatures throughout, the study area ranged from 6.4C to 15.1'c, with only
sfiól¡t differencesobetween salem sound andMass Bay (8.1'c to 15.l"c in the sound
and 6.4 c to 14.8 c in the B3y). Temperature differences between top and
bottom ranged from 4.3 to 6.8 c in Salem sound and 7.6 to 8.4'c in ttass eay.

salinity ranged from 29.6 ppt to 33.2 ppt with no significant differences between
the Sound and the Bay. Density, reported as sigma-t, ranged from 21.9 to 25.8,
with only slight differences betneen the Sound and the Bay. Density differences
bet\,reen top and bottom ranged from 1.8 to 3.2 in the sound and 1.9-2.3 in Mass
Bay.

Cruise 2 (AuguEt 28, 1990)

The results of this cruise indicated important differences between Salem Sound
and uass Bay, as well as differences within regions of sale¡n Sound.

Dissolved oxygen concentrations ranged from 5 .2 Eo 9.0 mgll in the Sound and 6.8
to 9.0 mgll in the Bay, with the lowest concentrations occurring in the bottom
waters of uarblehead channel (stations SS06 through ss09). Violations of the
sA standard of 6.0 mgll were measured in the bottom of the water column at
station ss08. Dissolved oxygen gradients between top and bottom were more
pronounced at Marblehead Channel stations than at all ot,her Etations sampled.
Top to bottom gradients ranged from 1.9 to 3.1 mg/l at Marblehead Channel
stations, L.4 to 2.2 mg/L at stations ss01 through Ss05, and 1.2 to 1.9 mgll in
MaEE Bay. The greateEt top to bottom gradient r.¡as measured at station Ss07.

Temperatures rtere considerably warmer in the sound than in the Bay, ranging from
14.3 c to 21.2 c in the sound and 7.5"c to 20.3'c in the aay. Top to boÈtom
gradients ranged from 11.8 C to 12.6'C in Mass aay and 2.3 c to 5.6 c in the
Sound. lemperature gradients vrithin salem Sound $/ere great.er at stations south
and west of the present outfall.

Salinity ranged from 29.3 to 32.5 ppt in the entire study area. Significant
differences between salem sound and Mass Bay v¡ere noted. Top to bottom salinity
gradients ranged from 0.9 to 1.9 ppt in the sound and 1.9 to 2.8 ppt in Mass Bay.

oensity gradients were more pronounced in Mass Bay than Salem Sound. Top
bottom gradients ranged from 1.3 to 2.8 sigma-t units in salem sound and 4.0
4.6 sigma-t units in t{ass Bay.

9
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rable 2.

Density, Ealinity, temperature, dissolved oxygen, $ oxygen saturation
apparent oxygen utilization (ÀoU) profile dat.a collected in Salem Sound
Massachusetts Bay, Er¡nmer 1990. (see text for explanation of Aou)
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and





Table 2

Salem Sound/Mass Bay, Summer 1990
Profile Data

Station Date Time
(h)

Depth
(m)

Density
(o-È)

Sal inity
( 0/00 )

Temp DO
(oc) (ms/r)

tSat AOU
(m9/r)

t'{801 o7 /19 /90 lO27

30.
31.
32,
33.
34.
35.
36.
31.
38.
39.
40.
41.
41.

23.04
23.07
23.23
23 .17
23. s8
23.74
24.t6
24.50
24.84
24.82
24.80
24.89
24.93
24.94
25.02
24.99
25.00
25.03
2s.03
2s.03
25.05
2s.06
2s.06
25.05
25.09
2s.09
25.11
25. 13
25.13
2s.13
25.t1
25.t7
2s.20
25.21
25.23
25.25
25.28
25 .30
2s.33
25 .34
25.36
25.35
25.38

31.08
31.12
3r.25
31.00
31.41
31.37
31.6s
31. 79
32.03
3r..91
31.88
31.95
31.97
3r.97
32.04
32 .00
32 .00
32 .03
32.01
32 .01
32.02
32.02
32 .03
32.OO
32.04
32.03
32.05
32.O7
32.O'l
32 .06
32. 10
32.10
32.12
32.13
32.15
32.r7
32.19
32.22
32.25
32.26
32.28
32.27
32.31

.69

.lJ

.24

.t2

.91

.76

.69

.48

.45

.42

.34

.29

.23

.17

.11

.09

.08

.02

.91

.93

.88

.85

.83

.74

.7L

.66

0.
1.
2.
3.
4.

6.
7.
8.
ô

10.
11.
12.
13.
14.
1E

16.
17.
18.
19.
20.
2r.
22.
23.
24.

14. s8
14. s9
t4.28
13.96
13. 18
t2.t7
11.04

.40

.40

.40

.40

.40

tr7 .2
116. 7

IT2 .4
111.7
109. 1
107 .0
t02.8
101.2
98.9
98. 4
96.8
95.9
95.0
94 .6
94 .4
94. 1
93.6
93. 3
92.9
92.7
92.3
92.O
91.9
91.4
91.3
91..6
91.4
90. 7

90. s
90.0
90.0
90.0
89. 5

89.2
89.4
89.2
88.0
88. 1
88. 2
88. 3
88.7
90. s
90.9

-1.4
-1.4
-1.0
-1.0
-0. I
-0. 6

-0. 3

-0. 1
0.1
o.2
0.3
0.4
0.5
0.5
0.5
0.6
0.6
0.7
o.7
o.7
0.8
0.8
0.8
0.8
0.9
0.8
0.8
0.9
0.9
1.0
1.0
1.0
1.0
1.1
1.0
1.1
r.2
t.2
r.2
r.2
1.1
1.0
0.9

9
I
I
8
'l
7
7
't

7

7

7
7

7

7

7
7

7
6
6
6
6

6
6
6
6
6
6
6
6

6
6
6
6
6
6

I
0
2
0
2
1
1
0
3
0
1
1

1

I
3
3
2
1
1
2
1
2
1
1

1
0
0
o
0
1
3
1
1
1

1
0
0
1
0
0
1
1

3

9.5
9.5

9.8

9.4

9.9

9.4
9.3
9.4
9.4
9.4
9.3
9.2

9.2
9.2
9.2

9.1
9.1

9.0
9.0
9.0
9.0
9.0
9.0
8.9

9.2

9.1
9.1

9.0

25
26
27
28
29

8.9
8.9

8.9
8.9

.64

.59

.53

.47

.43

8.9
8.8
8.9
8.9
8.8
8.8
8.8
8.8
8.8
9.0
9.0
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Table 2 (conÈinued)
Salem Sound/Mass Bay, Sum¡ner 1990

Profile Data

Statlon Date Time
(h)

Depth
(m)

Density
(o-t)

Sal inity
( 0/00 )

Temp
('c)

DO
(ms/ r )

AOU
(ms/rl

tSat

MB01 o8/28/90 1310

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
2t.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
43.

20.83
21.60
2t.65
2L.82
22.08
22.t5
22.t7
22.30
22.39
22.52
22.55
22.63
22.49
22.8L
22.83
23.t2
23.25
23 .57
23.75
23.98
23.94
24.14
24 .34
24 .39
24.53
24.54
24.57
24.61
24.63
24.60
24 ,64
24.67
24.79
24.93
24.95
25.00
25.O4
2s,04
25. 11
25.L4
25.18
2s.18
25.20
25.25
25.27

0.
1.
2.
3.
4.
5.
6.
7.
8.
9.

2
1
1
2
2
2
2
2
2
1

2
0
0
0
1
1
2
0
1

3
0
2
1

1
0
0
0
2
2
0
0
1

2
1
0
2

1
0
0
2
1

2

I
1
1

29.88
30. 55
30. 50
30. 60
30. 68
30. 73
30. 71
30. 79
30.80
30. e8
30.89
30. 93
30.72
31.02
30.91
31.16
31.20
31.44
31.43
31. 58
31.50
31. 62
31.73
31.73
31.87
31.86
31.88
31.90
31.91
31.85
31.88
31.90
31.99
32. 10
32.O9
32. 13
32. t6
32.16
32.22
32.25
32.28
32.28
32.31
32 .31
32 .40

20. 15
19. 09
18.75
18. 35
L7.52
t7,4L
t7.24
16.94
16. 57
L6.29
16. 19
15.96
1s.87
t5.47
14.95
14. 50
14. 02
13.34
12.38
11. 79
11.64
11.02
10.40
10.09

9 .89
9.76
9. 66
9 .49
9.41
9.33
9.26
9. 15
8. 81
8.47
8.2s
8. 15
8.06
8.01
7. 89
7. 83
7.74
7.74
1.74
7.76
7.75

117.3
110.1
109.8
106. 3
104. 9
104. 1
ro2.2
100. 5
98.9
99.2
97. s
96.2
94.O
91.6
90. 6
89. 6
89.0
84.6
8s.0
8s .4
85.4
83. 5
83.0
83.6
83. 6
83 .2
82 .0
81. 1
79. 1
74.2
77.L
75.4
75.2
75.5
75.8
75.0
75.7
75.3
75.0
74.6
7 4.9
75.8
7 6.1
7 6.5
76.7

-1 2

-0. I
-0.8
-0. 5

-0.4
-0. 3

-0.2
0.0
0.1
0.1
0.2
0.3
0.5
0.7
0.8
0.9
0.9
1.3
1.3
1.3
1.3
1.5
1tr

1.5
1.5
1.6

1.8
1.9
2,O
2.L
2.3
2,3
2.3
2.3
2.4
2.3
2.4
2.4
2.5
2.4
,)?
1a
,)1

8.9
8.5
8.5
8.3
8.3
8.3
8.2
8.1
8.0
8.0
7.9
1.9
1.7
7.6
7.6
7.5
7.6
7.3
7.5
7.6
7.6
7.5
7.6
7.1
7.7
7.7
1.6
7.6
7.4
7.3
7.2
7.t
7.t
7.2
7.2
7.2
7.3
7.2
1.2
7.2
7.2
7.3
7.4
7.4
7.4

t2



Table 2 (continued)
Salem Sound/Mass Bay, Sum¡ner 1990

Profile Data

StaÈion Date Time
(h)

Depth
(m)

Density
(o-t)

Sal inity
(0/00)

Temp
('c)

DO
(ms/1)

tSat AOU
(ms/r)

MB02 07 /19/90 1043 31.49
31.16
3t.42
31.69
3t.s6
31.17
31. 61
31.75
32 .06
3t.92
31.86
31.99
32. O3

31.93
32.00
32.01
32.04
32.O2
32.02
32.O2
32.03
32 .03
32.O4
32.44
32 .06
32.07
32.07
32.07
32.10
32 . 11.

32.11
32.13
32.t3
32.12
32. 13
32.15
32.2r
32.20
32.2t
32.22
32.23
32.23
32.24
32.24
32.24
32.26

.36

.51

.11

.99

.73

.54

.44

.33

.29

.20

.18

.16

.10

.09

.07

.04

.99

.94

.89

.87

.84

.77

.7t

.68

.65

.61

.58

0.
1_.

2.
3.
4.
5.
6.
7.
8.
o

10.
11.
t2.
13.
14.
15.
16.
17.
18.
19.
20.
2t.
22.
23.
24.
25.
26.

9
I
I
7

7
7
7
7
7
7
7
7
7
7
7

7
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6

6
6
6
6
6
6
6

5
o
0
1
0
2
o
3
0
3
0
1
1
0
2
2
¿

2
0
2
0
3
1
3
1
2
0
1
0
2
3

3
1
4
1

3
1

2
2
3
2
4
2
2
0
7

23 .32
23.06
23.29
23 .67
23.81
23.68
24 .34
24.52
24 .89
24.84
24.81,
24.9s
25.01
24.95
25.02
25.03
25.06
2s.05
25.05
25.06
25.07
25.07
25.09
25.09
25.11
25.12
2s.13
25.13
25.r7
25.18..
25.19
25.20
25.2L
2s.2L
25.2L
25.24
25.30
25.29
2s.30
25.31
25 .32
25.32
25.32
2s.33
2s.33
25.35

14.77 1

14.79
14. 66
13.80
L2 .56
11.69
9.81

119.4
rt6.7
113.7
1r.1.4
109 .4
104. 3
102 .9
99.3
98. 4
96.9
95.7
94.7
94.5
94. 1
93.8
93 .4
93 .0
92.9
92.8
92.6
92.5
92.2
92.1.
92.r
91.9
91.s
91.6
90. 5
91. O

91.1
90. 6
90. 6
90. s
89 .9
88.8
88. s
88. 2

87 .7
87 .9
87. 5

87.5
87.8
88,2
88. s
88.3
89.8

-1.6
-1.4
-1.1
-1.0
-0. I
-0. 4

-0. 3

0.1
o.2
0.3
0.4
0.5
0.5
0.6
0.6
0.6
0.?

o.7
0.7
o.7
0.8
0.8
0.8
0.8
0.8
0.8
0.9
0.9
0.9
0.9
0.9
0.9
1.0
1.1
1.1
11

t,2
1)
r.2
L.2
r.2
t,2
1.1
r.¿
1.0

0.0
9.8
9.5
9.s
9.6
9.3
9.5
9.3
9.3
9.3
9.2
9.2
o,
9.2
9.2

9.0
9.1
9.1
9.0

9.1
9.1

9.1
9.1
9.1

9.1
9.1

9.0
8.927.

28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.

.37

.37

.37

.37

.37

9.0
9.0

9.0
9.0
9.0

57
53
42
4T
42
41
38

8.9
8.8
8.8
8.8
8.7
8.8
8.1
8.7
8.8
8.8
8.8
8.8
8.944.
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Table 2 (continued)
Salem Sound/Mass Bay, Summer 1990

Profile DaÈa

SÈation Date Time
(h)

Ðepth
(m)

Density
(o-t)

salinity
(0/00)

Temp
( oc)

DO
(ms/ r )

AOU
(ms/r)

tSat

MB02 Oe/28/90 1338 0.
1.
2.
3.
4.
5.
6.
7.
8.
9.

8.9
8.4
8.5

7.9
7.9
7.9
7.9
7.8
7.8
7.7
7.5
7.5

7.L
7.3
7.4
7.5
7.4
7.4
7.3
7.4
7.3

6.9
7.O33.

2
o
1
1

2
0
2
3
2
1
2
1
1
0
1
1

1

3
2
1
1
2
1

1
1

1
3
0
0
2
0
1

3
1
1
0
3
3
1
1
1
0
2
0
0
0

20.7t
2t.44
21. 61
2t.61
22.06
22.t2
22.23
22.39
22.60
22 .48
22.62
22.60
22.62
22.56
22.59
22.58
23.L2
23 .34
23.52
23.70
23.80
23.90
23.86
23.99
24.25
24.32
24.4r
24 .5r
24.57
24 .65
24.52
24.58
24.8L
24.84
24,92
2s.03
25.04
25.05
25.05
25.05
25.09
25.14
25.L9
25.2L
25.27
25.27

29.75
30. 35
30.46
30.44
30. 66
30. 69
30.77
30.87
31.02
30.81
30.95
30.88
30. 89
30. 80
30.75
30. 61
31.12
31.26
31..29
31.35
31.41
3L.47
31.37
31. 45
31.67
31.70
31.75
31.79
31.84
21 0't

31.73
3L.71
31.99
32.00
32 .05
32.L7
32.17
32.17
32.18
32.L7
32.20
32,25
32.29
32.32
32.39
32.39

20,20
19.11
18. 80
18. 50
17.57
17 .43
17. 18
16.85
16. 39
16. 19
16.07
1s.91
15. 85
15.79
15.50
15 .03
14. 34
13.80
13.00
L2.27
12,o2
11.70
11. 50
11. 11
10.62
10.33
10.03
9.62
9 .47
9.31
9.26
9 .07
8. 70
8. s6
8. 28
8. 13
8.07
8.05
8.03
8.00
7 .92
?.80
7 .73
7 .72
7.73
7 .73

116. 7
109.2
108.9
104.9
103.9
to2.7
100.6
98.8
98.0
97 .3
96.4
95.7
95. 1
93.6
90. I
89. 3
88.0
84. O

81.9
82.8
83. 5
84. 3
82.8
82. 1
80. I
80. 6
79.0
78.4
77 .8
76. 1
75.0
?3.3
73. 3
73.5
74. 0
74.O
7 4.5
74.4
7 4,3
7 4.3
7 4.4
7 4.6
74.7
7 4.6
75.1
75. 1

-1.3
-o.7
-0. ?

-0.4
-0. 3

-0. 2

-0. 1

0.1
o.2
o.2
0.3
0.4
0.4
0.5
0.8
0.9
1.0
1.4
1.6
1.s
1.5
1.4
1.5
1.6

1.8
1.9
2.0
2.L
2.2
2.3
2.5
2.5
2.5
2.5
2.5
2.4
2.5
2.5
2.5
2.5
2.4
2.4
2.5
2.4
2.4

8.2

8.2
8.0

8.3

10.
11.
12.
13.
14.
15.
16.
L7.
18.
19.
20.
2r.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.

34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
44.

7.4
7.2

7.3
7.2
7.1

6.9
7.O

7.I
?.1
7.L
7.I
7.L
7.I
7.2
1.2
7.2
7.2
7.2
7.2
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Table 2 (continued)
Salem Sound/Mass Bay, Summer 1990

Profile Data

Station Date Time
(h)

Dept,h
(m)

Density
(o-È)

SaI inity
( 0/00 )

lemp
('c)

DO
(m9/ r )

AOU
(ms/r)

tsat,

MB03 O7 /19/90 10s6

r.2

10. 0
9.9
9.8
9.7
9.6
9.6
9.5
9.6
9.5
9.4
9.3
9.2
9.4
9.3
9.2
9.2
9.0
9.0
8.9
9.0
8.9
8.9
8.8
8.9
8.9
8.8
8.7
8.7
8.7
8.8
8.7
8.7
8.7
8.7
8.7
8.6
8.7
8.7
8.7
8.7
8.7
8.8
8.8

0.4
1.0
2.t
3.1
4.1
5.2
6.2
7.2
8.2
9.1

10. 0
tt.2
t2.2
13.0
14.3
15.3
t6.2
17.0
18. 2

19.2
20.3
2t.2
22.2
23.0
24.L
2s.2
26,O
27 .0
28.0
29.L
30. 1
31. 0
32. 1
33.2
34.0
35. 1
36.0
37.0
38.2
39.2
40.0
4I.2
4r.2

23 .39
23 .39
23 .37
23.33
23.32
23.26
23.73
23 .32
23.8s
23.86
23.97
24.9I
24.8L
24.78
24.89
24.90
24.95
25.01
25.05
25.06
2s.06
25.06
25.O7
2s.09
25.08
2s.06
25,L2
25.15
2s.15
2s. 15
25.16
2s.18
25.L7
25. L9
25.L9
25.22
25.26
25.26
25.27
25.27
25 .27
25 .29
25.29

31.45
31.45
3t.42
31.34
31.30
31. 19
31. 65
30.99
31.49
31.38
31.31
32. 16
31.92
31.86
31.95
31.93
31.97
32.01
32.04
32 .0s
32.04
32.04
32 .05
32 .05
32.06
32.02
32.O7
32. 11
32. 10
32,09
32. 10
32 .1.2
32. 11
32. 13
32.12
32.14
32. 19
32. 19
32.19
32.20
32.20
32.22
32.22

14. 31
]-4.28
14.23
14. 14
14.06
13.92
13.35
12 .83
12 .08
11. s9
ro.62
8.92
8.33
8.15
7.90
7.79
7 .62
7 .42
7 ,29
7 .26
7 .24
7 .23
1 .20
7 .14
?. 13
7. 09
6.97
6. 93
6.88
6.8s
6.83
6.78
6.77
6.7s
6.72
6. 64
6.57
6.57
6. s6
6.55
6. s4
6.55
6.55

118.7
J.L1.2
116. 1
114.9
113.6
112.3
111. 1
110.2
107. 5
104.9
LO2.2
98. 1
98. 1
97.4
9s.8
94.8
93. 1

92.3
91..3
91. 6
91.0
90. 7

90. 1
90.3
90. s
89 .8
88. 7

88. I
88. 5

88. 7

88.2
88. 4
88. 3
88. 4
87 .6
87.2
87 .4
87.7
87 .4
87.9
87 .7
88. 7

88. 7

-1.6
-1. s

-1.4
-1.3
-1 

.)

-1 1

-0. 9

-0. 9

-o.7

o.2
o.2

0.7
0.9

0.9
0.9

-0. 4
-o,2

o.2
0.4
0.5
o.7

0.8

1.0
1.0
0.9

1.1
1.1

1.1

1.3
L.2
L.2
r.2
r.2
r.2
I.I
11

1.0

1.1
1,2

1.1

1.1
L,2

15



lable 2 (continued)
salem Sound/Mass Bay, Summer 1990

Profile Dat,a

Station Date Time
(h)

DepÈh
(m)

Density
(o-t)

salinity
(o/00)

Temp
( oc)

DO
(ms/r)

Àou
(ms/r)

tSat

MB03 Oe/28/90 1301 0.
1.
¿.
3.
4.
5.
6.
7.
8.
9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
2t.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
39.

21.00
2r.40
21.s1
21,70
21.66
22.O7
22.08
22.L5
22.OL
22.4s
22.37
22.50
22.63
22.94
23.06
22.98
23.30
23,t2
23.00
23 .64
23.85
23.69
24.t3
24.06
24.33
24.4t
24.sO
24.55
24.67
24 .64
24.70
24.72
24.83
24.86
24.88
24.88
24.90
24.9t
25.t2
25,t6
25.22

19 .86
19.52
18. 94
18. 64
18. 13
t7.82
17.54
17.35
t7 .o2
t6.62
16. 51
16.43
15.88
15. 1.8

14.80
14.52
14. 01
13,90
13.75
L2.93
L2.27
11. 73
11. 19
10.97
10. 34
10.23
9.92
9 .67
o10
9 .32
9. 19
9,07
8.88
8.77
8. 68
8.64
8. 55
8.44
8. 10
8.03
8.03

2

L
1

2
0
0
1
0
1
2
1
2
2
1
2
2
2
1
1
2
1
1
1
2
1
1
2
0
0
0
1
1

2
2
2
0
1
2
2
0
I

30. 02
30 .42
30. 38
30. 54
30.32
30. 76
30. 69
30.71
30. 43
30.89
30.76
30.90
30.90
31. 11
31. 16
30. 99
3t.27
31.00
30.81
3I.42
31.54
31.20
3L. 64
31. 51
31.71
3L.79
31.84
31.85
31.95
31.90
31.9s
31.95
32 .0s
32.07
32.O7
32 .06
32 .08
32.O7
32.28
32.31
32.39

8.1
8.L
7.9

8.7
8.6
8.4
8.2
8.1

7.7
/.b
7.5
7.5
7.6
7.6
/.o
7.6
7.6
7.4
7.4
7.4
7.5

847.5
7.5
7.7
7.7
7.7
7.7
7.7
7.7
7.6
7.6

9.0 118.2
113.
110 .

107.
103.
102.
101.
101.
97.
95.
oa

92.
91.
91.
91.
90.
89.
89.
86.
85.
84.
83.

83.
83.
83.
83.
82.
82.
82.
81.
80.
80.
78.
78.
77.
75.
73.
74.
73.
74.

I
9
I
6
I
9
2
7
4
I
9
I
9
4
2
7
4
7
0
2
9
0
5
I
9
6
I
5
0
4
6
1
7

0
2
6
2
4
5
5

-1.4
-1.0
-0.8
-0.6
-0. 3

-o.2
-o.2
-0. 1

o.2
0.4
0.5
0.6
0.7
o.1
0.7
0.8
0.9
0.9
1.1
1.3
r.4
1.4
1.4
1.5
1.5
1.5
1.5
1.6
1.6
1.1
L.'t
1.8
1.9
2.O
2.L
2.2
2.3
2.6
2.5
2.5
2.4

7.6
7.4
7.4
7.3
7.2
7.O
7.!
7.L
7.L
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Table 2 (continued)
Salem Sound/Mass Bay, Summer 1990

Profile Data

Station Date lime
(h)

Depth
(m)

Density
(o-f)

SaI inity
( 0/00 )

Temp
('c)

DO
(mslr)

tSat AOU
(m9/r)

MB04 07 /t9 /90 ]-]-23 31.38
31. 57
31.44
31.56
31.59
32 .78
31.94
3r.92
31.9s
31.98
32.01
32 .01
31.99
32.04
31.97
32 .00
32.02
32 .0s
32.06
32 .0s
32.05
32.13
32.04
32.04
32 .06
32 .09
32 .08
32.07
32.O7
32 .08
32.12
32. t2
32.12
32.13
32.L4
32. t7
32. 18
32.t9
32.26
32.23
32.23

14.45
14 .34
13.77
12.59
10.94
9.91
9.41
9.07
8.94
8.82
8. 69
8. 64
8.62
8. s3
8.40
8.01
7 .92
7.95
7 .94
7 .95
7.88
7 .60
7 .4L
7.36
7.22
7. 10
7 .05
7.03
7 .O2
7 .00
6.93
6.87
6.84
6.77
6.72
6 .67
6. 63
6.62
6. s6
6. 56
6. s6

-1 ?

-1 )

-0. 8

-o.7
-0. 7

-0. 7

-o.7
-0. 7

-0. 6
-0. 5

-0. 5

-0. 4

-0. 3

0.4
1.3
2.2
3.0
4.r
5.2
6.1
7.1
8.0
9.2

10. 2
tt.2
12.2
13. 0
14. 1
15.1
16. 1
17. 0
18.0
19.0
20.3
2r.2
22.O
23. 1
24.I
25.L
26.L
27 .O
28.O
29 .4
30.2
31.5
32.3
33.0
34. L
35. I
36. 1
37.0
38.0
39. 1
39. 1

23.30
23 .47
23 .48
23.81
24.13
24.7 6
24 .66
24.70
24.74
24.78
24.82
24 .84
24.82
24.87
24.84
24.92
24.95
24.97
24.97
24.97
24.94
25.08
2s.03
25.04
2s.08
25.t2
25.11
2s.11
25.11
25.t2
25.16
25,t7
25.L7
25.19
25.2t
2s.23
25.24
25.26
2s.32
25.29
25.29

9.7
9.6
9.4
9.5
9.7
9.9

10. 0
10. 1
to.1
10. o
10. 0
9.9
9.8
9.6
9.3
9.4
9.5
9.4
9.4
9.2
8.9
8.9
8.9
8.9
8.8
8.8
8.8
8.8
8.7
8.6
8.7
8.6
8.7
8.6
8.6
8.6
8.6
8.6
8.7
8.8
8.8

115 .4
113.7
110.0
108.4
107.8
107. 3

107.3
to7.4
106.8
105.8
10s.2
104.6
103. 1
100. 6
97.6
98.2
98.2
98. 2
97.3
9s. 6
92.8
91.8
91.5
91.0
90. 3
90. 1
90. o
89.9
89.0
88.0
88. 1

8't.6
87 .7
87 .4
87. 1

86.9
86.8
87.0
88. 1
88. s
88. s

0.1
o.2
o,2
o.2
0.2
0.3
0.4
0.7
0.8
0.8
0.9
1.0
1.0
1.0
1.0
1.L
r.2
r.2
r.2
r.2
T,2
L.J

1..3
1.3
1.3
r.2
1.1
1.1
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Table 2 (continued¡
Salem Sound/Mass Bay, Summer 1990

Profile Data

Station Date Time
(h)

Dept,h
(m)

Density
(o-È)

Sal inity
( 0/00 )

Temp
( oc)

DO
(ms/r)

AOU
(m9/r)

tSat

MB04 08/28/90 1410 8.60.3
8.5r.2
8.32.r
7.93.2
7.8
7.8
7.7
7.7
7.7
7.79.2
7.7
7.7
7.7
7.7
7.714. 1

7.8
7.8

7.7
7.82r.o
7.5
7,5
7.3

1.427 .O
7.328.2

7.331.1
7.2

2t.20
2t.42
21. 53
21.9r
21.81
22.28
22.38
22 .46
22,77
22.95
23.18
23.35
23.tO
23.38
23.59
23 .65
23.87
23.74
23.94
24.OL
23.95
23.95
24.L5
24.LI
24.34
24.s2
24.65
24.59
24.76
24.68
24.80
24.78
24.86
24.90
24,98
25. 1t
25.13
25.I7
25.14
25.2L
25.20

30. 44
30. 43
30. 49
30.81
30. 40
30. 80
30. 76
30.74
30. 92
30.93
31.14
31.29
30. 90
31. 18
31.35
31.34
31.52
31.36
31.54
31.60
31.50
31.45
31. 61
3I.47
31.67
31.81
31.92
31.82
32.00
31.88
31.99
31.96
32.02
32.44
32.10
32.22
32.24
32.28
32.26
32.34
32.32

20.34
19.44
19. 19
18. 66
L7.77
17 .06
76.52
16.08
15.29
14. 48
14. 16
13.89
L3.62
13.30
12 .88
12. s0
12. 10
12. T2
11.83
11.67
11. 58
11.35
10. 90
10. 52
10.08

114. 5

111. I
107 .9
102. 1
98. 4
96.9
9s.6
94.6
92.9
91. s
90.8
90.4
90. 1
89.6
88.8
88. 6
88. s
88. 3
87 .7
87. 3
86. I
86. 6
82.7
81. 6
79.4
79 .4
79.6
79.3
78. 1
77 .8
77 .O
76. I
/b.r
75.3
75 .4
75.7
75.8
76.L
76.2
75.8
76.L

-1. 1

-0.9
-0. 6
'O ¿2
0.1
o.2
0.4
0.4
0.6
0.7
0.8
0.8
0.9
0.9
1.0
1.0
1.0
1.0
1.1
1.1
1a

t.2
1.6
1.7
10

1.9
1.9
1.9
2.L
2.t
2.2
2.2
2.3
2.4
2.4
2.3
2.3
2.3
2.3
2.3
2.3

8.1

4.1
5.1
6.0
7.2

ro.2
11.0
72.1
13.2

17 .0
18. 1
19. 1

20. L

22.2
23,t
24.2

29.L
30. 1

32.L
33.2

38. 3
39 .0
39.2

7.8

7.8
1.8

ts.2
16. 1

7.2
7.2
1.3
1.3
7.3
7.3
7.3
7.3

7.4
7.4

25.O
26.I

7.3
7.3

9.65
9.40
9.30
9.08
8. 98
8.75
8.72
8. 49
8.35
8. 14
7 .90
7 .84
7.83
7 .44
7 .84
7 .84

34. 1
35.1
36.0
37. 1
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Table 2 (continued)
Salem Sound/Mass Bay, Summer 1990

Proflle Data

Station Date Time
(h)

Depth
(m)

DensiÈy
(o-t)

Salinit,y
( 0/00 )

Temp
( oc)

DO
(m9/r)

AOU
(m9/ I )

tSat

MBos o7 /t9/9o 1143

.64

.52

.31

.27

.15

.02

.96

.94

.86

.78

.61

.63

.62

.74
aô

.51

.31

.2r

.19

.18

.12

.06

.96

.90

.82

115.7
113. 1
LTT.2
109. 5
103.9
102 .5
100.8
99.8
99.2
97 .9
97 .6
97 .2
96. 6
96.4
96.0
95.5
95 .9
96.8
98.2
96.4
93.7
92.7
92.5
92 .3
92.2
92.4
90. I
89.8
89. 3
89. 1
86.9
86.0
85 .8
85 .8
86.0
8s.9
85.7
86. 4
86.8
87. 1
87 .6
87 .6

o.4
1.0
2.3
3.0
4.0
s.3
6.3
7.t
8.0
9.1

10. 0
1.1. 1
t2.o
13. 0
14. 0
15.1
16. 1
17.2
18. 1
10 1

20.I
2r.2
22.O
23.2
24. r
2s.0
¿ô. ¿

27 .3
28.3
29.2
30. 1
31.2
32.2
33. 1
34. 1
3s.0
36. 1
37.3
38. 3
39.4
40.2
40. 3

23.35
23 .40
23.50
23.62
24.03
24 .63
24.75

24.84
24.78
24.83
24.88
24.89
24 .89
24.9L
24.94
24.98
24.99
25.00
24.96
24.99
25 .07
25.05
2s.08
25.07
25.08
25.09
25.t2
25.L4
25.14
25.16
25.L7
25.24
25.25
25.2s
25.27
25.26
25.26
25.26
25.27
25.32
25 .34

31.39
31.44
31. 52
31.60
31. 57
31.88
31.90
31.87
31.95
31. 87
31.91
31.95
31.9s
3r..96
31.96
31.99
32 .01
32 .03
32 .03
32.00
32.07
32. 10
32 .0s
32.07
32.05
32.06
32.06
32. 10
32. 10
32 .09
32.11
32. 11
32.t7
32 . ).1
32. L7
32.20
32. 18
32. L8
32.L9
32.20
32.26
32.28

]-4.23
14. 20
t4.02
13.69
11.45
9.26

.63

.57

.57

.5b

.55

.55

.54

.54

.54

.s4

-1. 3

-1 1

-1.0
-0.8
-0. 3

-o.2
-o. 1

0.0
0.1
o.2
o,2
0.3
0.3
0.3
0.4
0.4
0.4
0.3
o.2
0.3
0.6
o.7
o."1
0.8
0.8
0.8
0.9
1.0
1.1
1.1
1.3
1.4
1.4
1.4
1.4
1.4
1.4
1.4
11
1.3
L.2
r.2

I
I
I
8
I
I
7

7
7
7

7
7

7
7

7
7
.,1

7

7
7
7
7
6
6
6
6
6
6
6
6
6
6
6
6
6
6

9.6

9.4
9.4

9.8
9.6
9.4
9.3
9.3
9.6

9.5
9.5

9.3
9.3
9.3
9.3

9.3

9.5
9.3

9.0
9.0
9.0

8.9
8.8
8.8
8.8
8.6
8.s.77

9.2

9.4

9.0

9.0
9.0

8.5
8.5
8.5
8.5
8.5
8.6
8.6
8.7
8.7
8.7
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lable 2 (continued)
Sa1em Sound/Mass Bay, Summer 1990

Profile Data

Stat,ion Date Time
(h)

Depth
(m)

Density
(o-t)

tSa¿ Àou
(ms/r)

SaI inity
( 0/00 )

Temp DO
( oc) (ms/l)

MBos o8/28/90 1400 21.15
2L.45
21. 60
21. 81
2L.59
2]-.99
22.03
22.26
22.70
22.74
23.O7
22.68
23. 31
23.4r
23 .68
23.86
23.83
23.64
24.OO
24.06
24.Or
24.09
24.TL
23.9s
24.60
24.82
24.80
24.80
24.84
24.77
24.93
25.04
2s.01
25.00
25.12
25.12
25.L2
2s.23
25.27
25.29
25.28
25.28

30. 28
30. s8
30. 54
30. 73
30.36
30. 67
30. 52
30. 66
30.94
30.84
31.12
30.61
3r.24
31.28
31.43
31. 57
31.50
31.18
31. 55
31.55
31.49
31.57
31.57
3I.25
31.90
32 .06
31.99
31.98
32 .03
31.93
32.07
32.L7
32.13
32.11
32.22
32.22
32.20
32 .32
32.35
32.38
32 .38
32. 38

8.?3.0
7.94.1
7.8tr1

7.5
7.5
7.5
7.5

7.511.0
7.5
7.5

7.516.0
7.417 .0
7.418. 1

7.520.2
7.52L. L
7.322.r
7.223.O
7.224.3
7.325.2
7.326.L
7.327.2
7.328,3
7.229.O
7.230.2
7.331. 1

8.6

8.4
8.4

o.2
1.1
¿.L

6.2
7.1

33.2
34. 1

36. 0
37. 0

ro.2

Ls.2

19. I

32. I

35.0

8.2
9.2

12.3
13.0
14. 1

38.0
39. I
40.0
40.0

20.08
19 .82
19.05
18.81
18. 57
't t cto

17.23
]-6.67
15.64
1s. 11
14. 60
14.56
13. 86
13.51
]-2.75
L2.36
t2.24
LL.92
11. 50
)_I.22
It.22
11.08
10. 96
10. 46
9. s9
9.00
8. 73
8. 71
8. 70
8. 64
8.28
8.09
8.06
8.00
7 .19
7.77
7 .72
7.54
7.51
7. 51
7. 53
7. 53

113. 7
110.0
108. I
106. 3

7.5

7.6
7.6

7.5

-1.0
-0.8
-0. 6

-0. 5

-0. 1
0.1
0.5
0.6
0.7
0.8
0.8
1.0
t.1
1.1
1.1
L.',z
1.3
1.5
1.5
1.5
1.5
1.s
L.'l
1.9
2.O
2.r
2.L
2.2
2.2
2.3
2.3
2.3
2.3
2.3
2.3
2.3
2.4
2.4
2.4
2.4
2.3
2.3

4
I
9
4
3
3
9
5

6
4
I
I
5
2
I
4
7
3
I
2
0
3
5
0
7

0
8
o
7
6
9
9
2

1
4
7
1
1

83.

7.3
7.3
7.3
7.3
7.3
7.3
7.3
7.3
7.4
7.4

101.
98.
93.
92.
91.
90.
89.
88.
87.
87.
87.
86.
85.
83.
82.
83.
83.

80.
79.
78.
77.
17.
77.
76.
76.
75.
76.
75.
75.
75.
75.
75.
75.
75.
75.
16.
16.
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Table 2 (conÈinued)
Salem Sound/Mass Bay, Summer 1990

Profile Data

Station Date Time
(h)

Depth
(m)

Temp
( oc)

DO
(mslr)

tSat AOU
(ms/r)

DensiÈy
(o-t)

Sal inity
( o/00 )

MB06 O7 /19/90 !206

.32

.14

.98

.72

.65

.54

.47

.38

.30

.28

.18

.t2

.03

.97

.90

.90

.84

.81

.79

. /b

.77

.77

90.
90.
89.
88.
87.
87.
86.
86.
86.
86.
86.
87.
87.
88.
88.

-1.3
-L.2
-t 't

-1.0
-1.0
-0.9
-0.8
-0. 6
-0. 5

-0. 3

-0. 3

-0. 3
-0. 1
0.1
0.3
0.4
0.5
0.6
o.7
o.7
0.8
0.9
0.9
1.0
1.1
t.2
1.2
1.3
1.3
1.3
1.3
1.3
1.3
t.2
L.2
r.2

o.2
1.1
2.2
3.2
4.1
5.1
6.0
7.L
8.2
9.1

to.2
11. 1
t2.o
13. 0
14. 1
L5.2
16. 1

I7 .4
r8.2
19. 1
20.2
2j..2
22.3
23.t
24.L
25.2
26.1
27 .O
28.3
29 .3
30,2
3I.2
32.2
33.0
34. 3
34.6

23.28
23 .49
23. ss
23.6L
23.55
23.98
23.7r
24. t4
24.46
24.43
24.6L
24 .60
24.70
24 .69
24.76
24.86
24.88
24.94
24.94
24.96
24.98
24.98
2s.04
2s.o4
25.O7
25.11
2s. 11
25.14
25.t6
25.I7
25.19
25.20
25.2t
25.25
25.24
25 .27

31.33
31. s6
31.52
31. s0
3L.26
31. 68
3t.24
31.68
31.79
31.68
31.81
3!.77
31.87
31.81
31.86
31.95
31.95
31.97
31.96
31.97
31.99
31.97
32 .03
32.02
32.0s
32 .08
32 .08
32.10
32.t2
32.12
32.14
32. 15
32. 16
32.2t
32.20
32.23

14. 3s
14. 19
13.75
13.39
L2.75
]-2. r7
11.80
11.30
9.92

115.
113.
113.
111 .
110 .
110 .
109.
107.
1.04.
103.
102 .

102.
100.
99.
97.
95.
94.
93.
93.
92.

9
9
I
I
I
8
I
7
7
7
7
7
7

7
7
7
7
7
6
6
6
6
6
6
6
6
6

59
o7
96
78
53

9.7
9.6
9.6
9.6
9.7
9.'l
9.7
9.6
9.7

9.5
9.4
9.3
9.2

9.0
9.0

8.8

8.7
8.6

8.5
8.5

9.6

9.7
9.7

8.6
8.6
8.7
8.7

2
7
o
I
9
1
o
0
9
7
9
7
7

2
4
9
5
6
1
6
7
7

3
6
I
7

5

9
4
6
6
5
3
4
1

1

9.1
o1

8.9
8.9

8.8

8.6
8.5
8.5

8.5

91.

2L



Table 2 (continued)
SaLem Sound/Mass Bay, Sum¡ner 1990

Proflle Data

Station Date Time
(h)

DepÈh
(m)

Temp
( oc)

DO
(ms/1)

tSaÈ AOU
(ms/ r )

Densit,y
(o-È)

Sali-nity
( 0/00 )

ss01 07 /19/9o 844

0e/28/90 1128

9.3
9.3
o1

9.3
9.6
9.6
9.6
9.6
9.7
9.7
9.6
9.6
9.6
9.8
9.8

3
3
L
0
1
1
2
0
1
1
1
0
1
o
0

7.8
8.0
7.9
7.4
7.L
7.0
7.O
6.8
6.7
b.5
6.2
6.3

0.3
1.1
2.O
3.2
4.O
5.1
6.0
7.O
8.0
9.0

10. 1
10. 7

0.
1.
2.
3.
4.
5.
6.
7.
8.
9.

10.
11.
12.
13.
13.

22.96
23.L4
23.26
24 .43
24.57
24.62
24.72
24.7t
24.7 4
24.7 6
24.76
24.84
24.84
25.06
2s.06

2I. T2
2L.64
2I.54
22.O2
2L.96
22.23
22.22
22.42
22.58
22.72
22.89
23.12

30. 56
31. 18
31.03
31.93
31.84
31.87
31.94
31. 93
31.94
31.96
31.97
32.06
32.O4
32.33
32.33

29.69
30. 53
30.31
30. 71
30. 60
30. 8s
30.77
30.9s
31. 03
31.12
31.24
31.49

12.96
14.47
13.29
10.76
9. 50
9. 30
9.02
8.98
8.91
8.90
8.87
8. 83
8. 76
8. 78
8. 78

18. 40
18. 89
18. 62
17 .88
I7 .75
I7.47
t7.22
16.94
16. 53
t6.23
15.87
15. 68

106. 7
110. 1
105. 1
102 .9
103.2
1o2.7
102. s
ro2.2
to2.4
102 .5
IO2.2
102.1
101. s
103 .4
103.4

99.4
103.7
101. 1
93.3
89. 6
87.8
87 .0
e5.0
82.2
79 .4
75.4
77.O

-0.
-0.

-0.
-0.

-0.
-0.
-0.
-0.

-0.
-ô
-0.
-0.

6
I
4
2

3

3
2
2

2

2
2
2
1

3
3

0

1

5

I
0
0
2

4
7

0
9

0.
-0.
-0.
0.
0.
1.
'|

1

1.
1.
2.
1.
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Table 2 (continued)
Salem Sound/Mass Bay, Summer 1990

Profile Data

Station Date Time
(h)

DepÈh
(m)

?emp
('c)

DO
(ms/1)

tSat AOU
(m9/r)

Density
(o-È)

Salinit,y
( 0/00 )

ss02 o7 /L9/9O 811

o8/28/eO et2

13.9s
13.82
13.4s
t3.27
t2.75
10.86
10.0s
9.76
9. 15
9 .08
8.94
8.87
8.88

107.9
106.9
106. 4
106. 1
to2.4
102.3
102.6
102. s
to2.2
101. 9
ro2.2
102. s
102.8

-o.7
-0. 6

-0. 6
-0. 5

-o.2
-o.2
-o.2
-o.2
-o.2
-o.2
-o.2
-o.2
-0. 3

18.9s
18.91
18.8s
18. 10
17.51
I7.23
16.96
16.88
t6.82
16. 75
16. 64
16. 65

106.4
102 .9
93.3
89.4
87. 3
8s. 6
8s. I
8s. 6
84.2
82.4
83.4
83.4

0.
1.
2.
3.
4.
5.
6.
7.
8.
o

3
2
1
2
o
2
2
2
1
1
1
1
6

8.3
8.0
7.2
7.O
6.9
6.8
6.9
6.9
6.8
6.6
6.7
6.7

4.2
1.1
2.O
3.0
4.r
5.1
6.0
7.2
8.O
9.2

10. 0
10. 2

23.31
23.26
23 .44
23.20
23.56
24.14
24.40
24.48
24.72
24.75
24,88
24.93
25.10

2r.24
2r.47
21.s3
2r.97
22.23
22.35
22 .47
22.5L
22.53
22.57
22.63
22 .67

3L.26
31. 17
31.30
30.94
3t.27
31. 58
3t.7 4
31.79
31.96
31.99
32.t2
32. 18
32 .40

30.02
30.32
30.38
30.71
30.87
30.94
31. 02
31. 04
31. 06
31.08
31.13
31. 18

2
1
1
2
9
3
4
5
6
6
6
6
7

9
9
9
9
I
9
9
9
9
9
9
9
9

10.
11.
11.

-0. 5

o.2
0.5
0.8
1.0
r.2
1.1
r.2
1.3
1.4
1.3
1.3
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Table 2 (continued)
Salem Sound/Mass Bay, Summer 1990

Profile Data

Station Date Time
(h)

Depth
(m)

Density
(o-t)

SaI inity
( 0/00 )

Temp DO
( oc) (m9/I)

tsat AOU
(m9/r)

ss03 o7 /t9/90 819

08/2e/eo e38

23.r7
23.1s
23.62
24.24
24.29
24 .40
24.58
24.72
24.75
24.78
24.83
24.86
24,89
2s.15

30.92
31. 11
31,43
3L.77
31.66
31.73
31.8s
31.93
31.94
31.95
32.00
32.O2
32 .0s
32 .37

13. 36
t4. L2
13 .04
11. 12
10. 30
9.97
9 .47
8.9s
8.84
8.72
8.62
8. 52
8. 48
8.44

108. 1
111.5
106. s
105. 2
105. 6
104 .0
102.6
102. 5
101. 6
101.3
101.0
101. 5
101. 4
102 .3

2L.54
21.58
21.55
2I.77
22.09
22.20
22.L3
22.t9
22.37
22.4s
22.63
22,84
23.rt

30. 44
30. 49
30.43
30.61
30. 78
30.85
30. 73
30. 78
30.93
30.97
31.08
31.25
31.56

19.02
19 .00
18.9s
18. 62
17 .79
17. 59
17.48
L7,37
17. 11
16. 89
16.48
16. 11
15.97

109. I
106. 6
103.7
99.3
90.0
87 .6
85. 3
81.0
79.6
79 .0
77 .6
7 4.4
75.7

0.3
1.0
2,t
3.2
4.t
5.2
6.1
7.2
8.3
9.3

10. 1
Lt.2
12.o
13 .0

0.3
t.2
2.t
3.1
4.2
5.1
6.1
7.I
8.1
9.0

10. 1
1L. 1
11.9

0.3
0.1
0.8
1.0
L.2
1.5
1.6
I.7
1.8
2.t
2.O

9.3
9.5
9.2
9.s
9.7
9.6
9.6
9.6
9.6
9.6
9.6
9.6
9.6
9.7

8.4
8.3
8.0
7.7
7.L
6.9
6.8
6.5
6.4
6.3
6.3
6.1
6.2

-0. 7
-1 .0
-0.6
-0. 5

-0. 5

-0.4
-o.2
-o.2
-0. 2

-0. 1

-0. I
-0. I
-0. 1

-o.2

-0. 7

-0. 5
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Table 2 (continued)
Salem Sound/Mass Bay, Sum¡ner 1990

Profile Data

St,ation Date Time
(h)

Depth
(m)

Temp
('c)

DO
(ms/1)

tSat AOU
(ms/ I )

Density
(o-È)

Salinity
(o/00)

ss04 07 /19/90 e22

08/2e/90 1039

o.2
1.1
2.O
3.2
4.2
5.1
6.2
7.O
8.0
9.2

10.0
tr.2
12.2
13. 1
14. 1
1s. 1
15.6

0.3
1.1
2.t
3.1
4.2
5.1
6.0
7.O
8.1
9.1

10. 1

11. 2
t2.L
13. 1
14. O

14. s

22.82
23 .64
23.83
24 .11
24 .15
24.26
24.74
24.74
24.7 4
24.76
24.76
24.79
24.8t
24.83
24.85
24.87
24.93

2L.O7
2I.T7
2L.4t
22.06
22.r8
22.t9
22.27
22.36
22.55
¿¿.)5
22.59
22.85
23.12
23.25
23.54
23 .69

30.88
31. 61
31. s4
3I.7 4
31.64
31.66
31.96
3r.92
3I.92
31.93
31.93
31.95
31.96
31.97
31.99
32.01
32 .08

30. 13
30. 19
30.26
30. 76
30.83
30. 78
30.81
30.88
31.02
30.99
31.00
31.14
31.31
31.39
31.66
31.84

1,4.92
1.3. 63
12.4t
lL.7 4
11.09
10. 53

114.4
108.3
IO7.7
10s .9
103. 6
100. 7
10r.. 4
100.9
100. 6
100. 7
100. 2
99.9

100. 1

100. s
100. 1
100. 3
100.8

110.8
104.4
96.3
92.9
90. 7
86.2
86.8
84.9
87.0
85. 1
82.4
78. 6
77 .2
7 6.6
77 ,4
78.0

-L.2
-o.7
-0. 7

-0. 5

-0. 3

-r1 I

-0. 1

-0. 1

-0. 1

-0. 1
0.0
0.0
0.0
0.0
0.0
0.0

-0. 1

-0.8

.99

.80

.45

.41

.40

76
70
69
62
52
49

I
I
I
I
I
I
I
I
I
8
I

3

3
6
7

1

1
2

0
2
4
I
9
0
9
I

0.
0.
0.
0.
1.
I

1.
1.
1.
1.
1

1.
2.
1.
1.

9.6
9.3
9.4
9.4
9.3
9.2
9.5
oÉ
oç
9.5
9.5
9.5
9.5
9.6
9.5
9.6
9.6

8.4
8.0
7.5
7.3
7.2
6.9
6.9
6.8
7.O
6.9
6.7
6.5
6.4
6.4
6.5
6.6

L9.92
t9.74
19. 00
17. 86
17. 61
r7 .40
17. 16
16. 99
16. 61
16. s3
16. 38
1s.68
1s.02
]-4.72
14. 36
t4.28
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Table 2 (contlnued)
Salem Sound/Mass Bay, Summer 1990

Proflle Data

StaÈlon Date Time
(h)

Depth
(m)

Density
(o-È)

SaI inity
( 0/00 )

Temp
( oc)

DO
(ms/r)

Àou
(m9/r)

tSat

ssos o7 /19/eo 834

08/28/90 1oo8

22.6A
22.86
23.L4
22.69
23.37
24.25
24.53
24.5t
24.70
24.86
24.95
25 .17
25.76
25.76

30. 66
30.80
31.09
30. 44
30. 79
31.60
31.82
31.7s
31.93
32 .05
32.13
32 .40
33. 16
33. 16

5
2
6
6
2
1
I
6

14,7 4
14. 43
14. 13
13 .88
tr.7 4
10.28

21.39
21.53
21.85
22.20
22.30
22.33
22 .37
22.38
22.48
22.60
22.69

30.37
30. s3
30.72
30.92
30.96
30.96
30.98
30.98
31.05
31. 15
3r.27

19. 38
19. 33
18. 58
t7.77
17. 50
17.38
17 .27
L7 .24
1?.03
16.83
16.86

10.
11.
12.

3
0
1
0
1
1
I
0
0
1
2
0
2
2

o.
1.
2.
3.
4.
5.
6.
7.
8.
o

o.2
L.2
2.L
3.0
4.L
5.1
6.1
7.O
8.0
9.1
9.4

0.5
0.0
o.2
0.6
0.9
1.0
0.9
0.9
0.9
0.9

8.5
8.2
7.8
7.7
7.4
7.O
7.0
7.t
7.t
7.2
7.I

9.5
9.4
9.3
9.3
9.3
9.6
9.6
9.6
9.6
9.6
9.6
9.6
9.6
9.6

9.6
9.4
9.0
8.6
8.5
8.4
8.4
8.412.

112.8
111.0
109. 9
109. 2
r04.2
104. 5
103 .8
103. 1
101. 7
101. 1
100. 7

100. I
101. 6
101. 6

111. 1
106. 6
100. 1

97 .3
92,9
88. 3
87 .7
89.2
88.9
89.0
89.0

-0.9
-0.8
-0.8
-0. 4
-0. 4
-0.4
-0. 3

-o.2
-0. 1

-0. 1

-0. 1

-o.2
-o.2

-0.9
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Table 2 (continued)
Salem Sound/Mass Bay, Summer 1990

Profile Data

St,aÈion Date Ti¡ne
(h)

DepÈh
(m)

Temp
( "c)

DO
(ms/r)

tSat Àou
(ms/ r )

Density
(o-t)

Salinity
( 0/oo )

ss06 07 /L9/9O 853

o8/28/90 1028

o.2
1.1
2.O
3.0
4.r
5.2
6.0
7.L
8.0
9.2

10. 0
11.0
T2.L
13. 1
14. 1
15. O

0.4
1.0
2.t
3.0
4.0
5.0
6.1
7.2
8.1
9.1

ro.2
11. 1
L2.L
t2.9

22 .3t
23.00
22.95
23.05
24.s2
24.62
24 .69
24.69
24.70
24.70
24.73
24.79
24 .89
24.92
24.95
24.95

20.87
2]-.23
2L.34
2L.60
22.2L
22.13
22.26
22.42
22 .47
22.s6
22.77
22.89
22.98
23.23

30. 2s
31.08
30.86
30. 51
31.86
31.86
31. 91
31.89
31.90
31.89
31.90
31.94
32 .01
32 .05
32.09
32.09

29.74
30. 21
30.29
30. 34
30.89
30. 75
30.84
30.96
30.97
31.03
31.14
3I.22
3r.29
31. 56

1s .06
14.76
74.20
12.30
9. 84
9.23
9.05
8.97
8.94
8.88
8.74
8. 56
8.29
8.24
8.22
8.24

19. s5
19. 53
19. 33
r8.44
17. 66
17. 53
17. 30
17.00
16.82
t6.62
16. 07
15.77
1s.63
15. 44

111.3
110. 1
108.8
ro2.6
101. 9
L42.2
101.6
101. 6
101.5
101. 6
100.8
100. 6
101. 1

1.01.2
101.0
LO2.6

-0.9
-0. I
-0. 7

-o.2
-o.2
-o.2
-o.2
-o.2
-0. 1

-o.2
-0. 1

-0. 1

-0. 1

-0. 1

-0. 1

-o.2

0.4
0.1
0.3
o.7
0.9
r.2
1.4
L.7
1.8
10

2,5
2.2

105. 3
99. 1
96.2
91.8
88.2
85.4
82.s
79.3
77.7
76. I
69.6
73.3

9.3
9.2
9.2
9.1
9.4
9.6
9.5
9.6
9.6
9.6
9.5
9.6
9.7
9.7
9.7
OQ

8.3
8.4
8.1
7.8
7.6
7.3
7.O
6.8
6.6
6.4
6.3
6.3
5.7
6.0

107.6
109.8

-0. 6

-0.8

2'l



Table 2 (continued)
Salem Sound/Mass Bay, Summer 1990

Profile Data

St,ation Date îime
(h)

Depth
(m)

Density
(o-t)

Sal inity
(0/00)

lemp
( oc)

DO
(ms/r)

Àou
(m9/r )

tSat

ssoT 08/28/90 1111 20.95
2L.27
21. 40
2I.86
22.t2
22.t7
22.t9
22.27
22.42
22,59
22.8s
22,95
23. 08
23.38
23.38

29. 83
30. 19
30.30
30.55
30. 78
30. 79
30. 76
30. 78
30.90
30.99
31. 14
3L.22
31.32
31.61
31.61

19. 33
19. 15
18. 05
).7 ,67
17. 50
17 .33
L7.O2
t6.79
16.38
1s.70
15.50
15.25
14. 89
14. 89

19. 50o.2
1.1
2.O
3.0
4.1
5.1
6.1
7.L
8.1
9.1

to.2
11.0
t2.t
13. 1
13. 1

8.5
8.1
7.4
7.9
1.4
7.2
6.8
6.5
6.0
6.0
5.9
5.6
5.2
5.4
5.4

111.0
104.8
96.0

100. 4
94. 0
90.9
85.6
81.3
7 4.O
73.4
71.7
67.8
62.5
6s. 3
65.3

-0
-0

o
0
0
0
1
1
2
¿

2

2
3
2
2

I
4
3
o
5
7
2
5

1
2
3
7
L
9
9

28



Table 2 (continued)
Salem Sound/Mass Bay, Summer 1990

Profile Data

Stat,ion Date' lime
(h)

Depth
(m)

Temp
( oc)

DO
(ms/r)

tSat AOU
(ms/r)

Density
(o-t)

Salinity
( o/00 )

ss08 o7 /t9/90 934

o8/28/90 1ls7

30.77
31.25
31. 52
31.40
31.s9
31.89
31.81
31.81
31.94
31.94
31.95
32.00
32.04
32.O7
32.32
32 .32

14.83
13.99
t2.92
12 .00
10. 60
9.41
9. 11
9. 03
8. 70
8. 57
8. 51
8.30
8. 18
8. 15
8. 16
8. 16

109.9
107. t
107.3
toz.6
100.0
99.8
99. 1
98.0
97 .2
96. 6
93.4
92.6
92.9
92.9
93.2
93.2

20 .42
20.94
2t.49
2t.78
22.2r
22.23
22.32
22.38
22.40
22.62
22.55
22 .57
23.19
23.20

29 .43
29 .85
30. 33
30. 55
30. 86
30. 85
30.92
30.95
30.88
31.08
30.94
30. 91
31.39
31.40

20.39
19.60
18. 87
18. 39
17. 58
t7.45
L7 .29
17. 11
16.80
16. 54
16. 35
16. 1s
14. 99
15.00

0.4
1a

2.O
3.1
4.L
5.2
6.2
7.O
8.0
9.0

to.2
11. 1
t2.t
13.1
14.0
14. 0

7,9
7.9
8.0
7.3
7.0
7,O
6.9
6.9
6.6
6.4
6.3
5.6
5.7
5.8

o.2
1.0
2.L
3.1
4.r
5.1
6.0
7.2
8.2
9.2

r.0.1
11.1
t2,t
13.0

22.75
23.30
23.72
23.79
24.79
24 .62
24 .60
24 .62
24.77
24.78
24.8r
24.88
24.92
24.95
2s.15
25.15

9.2
o1

9.3
9.1
9.1
9.3
9.3
9.2
9.2
9.2
8.9
8.8
8.9
8.9
8.9
8.9

-0
-0
-0
-0

0
o
0
0
0
0
0
0
0
o
0
0

-0
o
1
1
1
1
1

1

1
2

2
2

I
6
6
2
0
o
1

2
3
3
6
7
7

7
6
6

.2

.6

.0

.0

.1

.1

.5

.6

.8

.5

.6

.6

104. 5
toz.9
102.6

93 .0
88.0
87 .7
86.2
85. S
81.9
79.7
78.0
69.2
68.8
69.3

-0. 3

-o.2

29



Table 2 (continued)
Salem Sound/Mass Bay, Sum¡ner 1990

Proflle Data

Station Date Time
(h)

Depth
(m)

Temp
('c)

DO
(m9/r)

tSat AOU
(m9/ r )

Density Salinity
(o-È) (0/00)

ss09 o7 /L9/90 946

08/28/90 1222

22.88
23.10
24.03
24.05
24 .3r
24 .45
24.54
24.72
24.70
24.73
24.77
24.83
24.93
25.04

30.93
3]-.22
31.86
31.59
3I.72
31.79
31. 85
31.94
31.89
31.90
31.94
31.99
32 .09
32.23

14.81
14.79
t2.64
11.43
to .47
9.99
9. 73
9 .03
8.90
8. 79
8. 69
8. 53
8.44
8. 43

0.4
1.0
2,t
3.1
4.2
5.0
6.1
7.2
8.0
9.1

LO.2
rt.2
t2.o
12,2

81.

8.9
8.6
8.5
8.2
8.0
7.8
7.2
6.9
6.5
6.7
6.6
5.8
6.0

0.1
1.0
2.t
3.0
4.1
5.0
6.0
7.2
8.1
9.1

10. 1
11.0
11. I

9.4
9.2
9.3
9.5
9.6
9.7
9.7
9.9
9.8
9.7
9.6
9.6
9.1
9.7

tt2.6
110. 6
ro7 .2
106.8
105. 2

105.1
104. 5

104. I
104. 3
102. 6
101. 4
101.0
101.8
ro2.2

-1. 1

-0.9
-0. 6
-0. 6

-0. 5

-0. 5

-0. 4
-0. 5

-0. 4
-0. 3
-0. 1

-0. 1

-o.2
-o.2

-1 <

-1.0
-0.8
-0. 6

-o.2
0.1
0.8
1.1
1.5
1.3
1.5
2.3
2.2

20 .37
20. 80
21.00
2T. 16
2t.96
22.03
22.tt
22.22
22.23
22.44
22.54
22.82
23.L7

29.66
29.95
29.98
30. 07
30. 75
30.71
30. 78
30. 84
30. 82
30.99
31.06
31.25
31.s4

119.
113.
110 .

107.
102.
99.
90.
86.
81.
83.

2t.22
20.45
19.78
19.41
18.27
17. 83
L7 .70
17.48
17.34
16.99
16.79
16.21
15. 66

71.
73.

I
3
5
2
1

1
5
7
6
I
7

1
0

30



DISCUSSION

vrhile reviewing profiles from the cruises conducted in 1990, as well as profiles
collected ae part of the 1985 301(h¡ waiver studies, it, became apparenÈ that.
violaÈj.ons of the dissolved oxygen r.rater qualiÈy st,andards were infrequent. The
data indicate, however, that there are seasonal as well as spatial trends in
dissolved oxygen and density structure that have not been previously discussed.
Ttre primary basis for discussion witl be the data collected on the two cruises
in the su¡nmer of 1990. Data collected as part of the 301(h) t{aiver application
as well as historical Mass Bay data will be cited to support conclusions and as
a basis for comparison.

Hassachusetts BaI:

water column profiles at and near the proposed extended outfall sitee in Mass
Bay were gi¡nilar. The data confirmed the seasonal trend towards increased
stratif ication in the r.tarmer s¡urn¡ner months. The top to bottom density gradients
measured in August qrere a¡nong the highest reported in the literature for Mass
Bay. the magnitude of density gradients $ras not the only thing that eras
significantly different between cruises. Density profiles measured in July
showed a defined pycnocline with most of Èhe top to bottom density gradient
achieved i.n the top 15 ¡neters. In contrast, density profiles measured in Àugust
lacked a defined pycnocline with only half the top t.o bottom gradient in density
occurring in the top 15 meters.

The annual cycle of temperature and salinity in Mass Bay (Bumpus L9741,
reproduced from the ¡.{wRÀ racilities Plan (MwRÀ 1987), is presented in Figure 4.
Seasonal fluctuations in temperature and salinity are attributed to the annual
Eolar heating cycle as well as the sprj-ng rain season (up to 90 percent of the
fresh water input from Massachusetts to Mass Bay is attributed to the ttèrrimack
River). The data presented here data do not follow the seasonal trends,
described by aumpus, in which surface salinities would be expected to be higher
in August than in July. observed salinities vrere in the range of 29.7-30.4 ppt
in Àugust, but salinities of 31.1-31.5 ppt erere measured in JuIy. Interestingly,
surface salini-ties from the July cruise were in the range reported by Burnpus for
JuIy; however, the surface salinities observed in Àugust were in the range of
gurface galinities reported by aumpus for the mont,h of uay.

vrhile only two days of profiles are insufficient to conclude that anomalous
findings existed for an extended period of time, several significant corollary
events suggeet that these anomaloug findings $rere not ephemeral¡

The year 1990 was the warmest in the past 34 (Lawrence Eagle Tribune,
December 31, 1990¡ with the average 1990 temperature 2.6 (Fahrenheit¡
degrees above normar. rt q¡as also reported that 1990 precipitation
was 9.11 inches above normal. The figures for Àugust precipitation
were arso record breaking with 8 inches of rain making it the wettest
August since 1955.

The average dairy mean frow of the Merrimack River, recorded below
the confruence of the concord River at Lowell Mass., i{aE the highest
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Figure 4.

A¡nual Cyclc of lemperature/salinity Relation at Boston Lightship, 1956-1970

(Reproduced from ¡fivRÀ, December 11, 1987, Figure 2.2.1-31
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daily mean flotr for Àugust when compared to the 57 year period
between 1924-81 (wandle et. aI. 1984). Figure 5 summarizes Merrimack
River flow for 1990 (Uscs provisional¡ and the 57 year record.
August 1990 flows were a factor of four above the 57 year Àugust mean
and similar to the 57 year mean for the month of ltay.

The degree of straÈification in Mass Bay, and the implied Iack of mixing with
oxygenated surface naters, r{as reflected in the dissolved oxygen profiles.
oxygen concentrations were generally lower during the August cruise. surface
dissolved oxygen saturations r¡ere sinilar while bottom saturationcr were different
between the two cruises (July: 87.6-90.9t, August¿ 74.5-76.7t). The Apparent
oxygen Utilizat,ion (AoU), defined as the difference between theoretical 1001
saturated Do concentration and measured concentration, were different for bottom
¡¡aters between cruisee (JuIy: 0.9 -L.2 mg/L, Augustt 2.2-2.4 ng/I). Changes in
temperature and stratification conditions could both affect ÀoU; however, the
data indicate that the lack of vertical nixing inplied by the obeerved increase
in stratification most likely accounts for the doubling in AoU because the
ternperature, and therefore temperature mediated biochemj.cal reaction raÈes, did
not change significantly between cruises. eny additional oxygen deficite applied
under these conditiong would result in concentrations lower than are allowed by
the water quality standards.

Salcn Sound:

The profiles measured in salem sound indicated variable spatial and t,emporal
patterns. s¡ith only two days of data it is difficult to account for all factors
affecting density gtructure; however, the data indicate spatial differences
within tlto groupings of the stations. The stations located weEt and north of
the present discharge (ss01, ss02, ss03, ss05, ss06) had the highest degree of
stratification in July, while the stations south and east (SS04, SSO7, SsO8,
ss09) $tere more Etratified in Àugust. Generalized circulation patterns from the
301(h) physical oceanographic studies lFigure 6) indicate that currents in salem
Sound exhibit a pattern of prevailing net flow on the order of 350 to 10OO
million cu fÈ fron the east to the southwest. This indicates that the areas
located south and east of the present discharge are more likely to be directly
effected by the prevailing net flow while areas north and west are effected by
more complex localized circulation patterns (Figure 7).

Dissolved oxyg€n concentrations measured in salem Sound in JuIy rrere considerably
different than th¡ concentrations obeerved in Auguat. In July dissolved oxygen
concentrations rt€re above saturation throughout the water column lwith the
exception of ¡tation ss08), suggesting that in most of the sound, oxygen
producing procer¡sea rtere more important than orygen demanding processes. Station
ss08 was the only salen Sound statj.on with sub-saturation concentrations of
oxygen in July, probably because it, is was located close to and down current from
the present outfall. Dissolved oxygen concentrations measured in Sa1em sound
in August suggest that oxygen demanding procesges dominated aII but the t,op l-
4 meters of the water colunn. The average apparent oxygen utilization (ÀoU) of
bottom waters was two times higher in.August than.tuly. The highest ÀoU,B were
¡neagured at stations near and down current of the present discharge (SsO6, ssO7,
SS08, Ss09) in t¡arblehead Channel. Disgolved oxygen profilea from the 30f(h)
waiver studies in 1985 (ocean survey8 Inc. 1985), indicate a gi¡rilar spatial
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Figure 6. salem sound prevailing Net Flow and prevairing ltinds
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trend. ocean surveys stations P-7, P-10, and P-16 (Figure 8) located in
Marblehead channel had higher Àou valueg, in bottom waters, than the other Salem
Sound etatj.ooe that were sampled.

There were only minor differences in strat,ification conditions betereen cruises,
however, temperatures differed significantly.lespeciatly in the lower nater
column¡. Bottom temperatures ranged from 8.2 c to 8.9 C in July and 14.3 C to
16.9 c inAugust, suggesting that an increage in biochemical reaction rates could
account for the differences in Do concentrations discussed above.

CONCLUSIOX

lrmplications for outfall Siting¡

the data collected in 1990 ae well as data collected in support of the sEsD
301(h) glaiver studies indicate that while violations of dissolved oxygen nater
quality standards were measured infrequently, dissolved oxygen concentratione
were never measured below 5.0 mg/l. The data indicate, however, that the
greatest top to bottom differences in dissolved oxygen, as well as the greatest
apparent oxygen utilization, occur in Marblehead channel. l,farblehead Channel
is degcribed in the 301(h) t{aiver studies aB "Downatrean. from the existing
discharge, suggesting that the oxygen deficitg observed are attributable to the
existing discharge of primary effluent. Predictions made during phase I
Facilities Planning include a 30t increase in phytoplankton productivity upon
completion of secondary facilities and discharge at the exiEting outfall in salem
Sound. Àn assu¡nption commonly made r¡hen primary is upgraded to eecondary ie that
reduction of BoD and eolids loading would reduce the impact to digsolved oxygen
concentrationE in the receiving body; however, it ie unclear how the reduced BoD
and eolida loading of a secondary effluent, would compare to the increaEed demands
on oxygen related to increaseg in productivity.

Results of outfall eiting etudies in Ner¡ Bedford led to the conclueion that the
inpact to Do concentrations in the i¡n¡nediate area of the existing discharge rrag
slightly reduced rrith a secondary effluent; however, the area irnpacted by a
modified effluent increaeed. rn addition, results of modeling for the Ne\.t
Bedford project predict that for worst case conditions at the existing discharge,
marginal differences in impacts to dissolved oxygen conditions would be realized
between pri.mary and gecondary treatment. The reanona given for marginal changee
in Do conditiong include the potential for an increase in phytoplankton-derived
sediment oxyg€n demand (SoD).

The available dÍssolved oxygen data for Salem Sound do not indicat.e that the
existing discharge is causing significant dissolved oxygen deficits. The
increase in phytoplankton productivity, predicted if second,ary effluent is
discharged at the existing outfall, suggests that there wilt be an increase in
phytoplankton-derived soD. Because there ig a lack of appropriate field data
(soD, direct effluent BoD/coD, nutrient related, continuoua meaEuremente of
dissolved oxygen, current, and wind¡ needed to underst,and the exiating dynamics
of oxygen deficits in salem sound, predictions of how a modified discharge nay
affect dissolved oxygen concentratione in salem sound will be difficult to make.
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Figure 7.

Salem Sound Drogu€ Trackg

(Reproduced from Camp Dresser & McKee Inc., SESD Draft facilities Plan, Figure
8-13 )
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Figure 8.

Oc€an Surveys Inc., Location of profile Statiooe

(Reproduced from Ocean Surveys Inc.,
Application, Figure 1. )

1985, lppendix ^* to sEsD 30f(h) !{aiver
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