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ANNUAL SUMMARY REPORT
FOR 1978 HYDROGRAPHIC STUDIES
OFF HAMPTON BEACH, NEW HAMPSHIRE
TECHNICAL REPORT X-2

1.0 INTRODUCTION

This report presents the results from the 1978 hydrographic
and meteorologic studies conducted as part of the ecological monitoring
program for Public Service Company of New Hampshire's (PSNH) Seabrook
Station. These studies characterize the general preoperational hydro-
graphic conditions of the coastal waters of the Gulf of Maine off
Hampton Beach, New Hampshire, and the estuarine waters of the Hampton-
Seabrook estuary. Seabrook Station, when operational, will use coastal
water from about 1 nm (1.9 km) off Hampton Beach for once through
condenser cooling and then release the water into the ocean through a
submerged diffuser about 1 nm offshcre. Hydrographic, meteorologic and
sedimentologic studies for the Seabrook Station have been conducted
since 1972 by Normandeau Associates, Inc. (Figure 1.0-1). Results of
those previous studies are given in NAI, 1975a, 1975b, 1977a, 1977b,
1979a and 1979%b.

The 1978 program was designed to describe existing hydro-
graphic conditions and characterize ambient temperature at the diffuser
and the intake sites. Water currents, temperature, conductivity, tides
and wind were monitored continuously in 1978. Supplemental spatial
surveys delineated tidal and seasonal variations in local distributions

of water temperature, salinity, density, and dissolved oxygen.
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Figure 1.0-1 Diagram showing hydrographic studies wi ich have been

conducted in Hampton Harbor and off Hamrton Beach, New
Hampshire, from 1972 through 1978. Seabrook Annual
Hydrographic Report, 1978.






2.0 MATERIALS AND METHODS

2.1 STUDY DESIGN

The design for the 1978 Seabrook studies focu.ed on continuous
measurement of water temperature, current speed and direction, salinity
and wind. These parameters exhibit the greatest spatial and seascnal
variability and give the best description of the hydrographic environ-
ment off Hampton Beach. Sampling locations were selected at the intake
and discharge sites to monitor the ambient conditions prior to opera-
tion. Tide height was measured continuously to provide background tidal

information for Hampton Harbor and vicinity.

Conductivity, density and dissolved oxygen were measured
monthly during slack-water surveys and plankton cruises. Sites were
chosen at locations in the estuarine oceanic mixing zone and at loca-
tions likely to be affected by the thermal plume. The results were used
to supplement the data base and to provide a better hydrographic des-

cription of the waters off Hampton Beach.

Sl FIELD METHODS

2.2.1 Temporal Monitoring

Continuous recording instruments, mounted on moorings measured
water temperature and current speed and direction. The three-point
moored buoy systems held instruments at a fixed depth below the water
surface. Configurations of the subsurface moorings are described in

detail in NAI, 1977a.

Current speed and direction were measured with Bendix Model
Q-15 or Q-15R ducted current sensors with 10-ft (3-m) directional vanes
and Bendix Model 270 recorder/power supply units. The current data were

recorded on dual channel Rustrak Model 291 DC recorders within a Bendix
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Figure 2.2-1. Location map of hydrographic samo]ing‘stations off Hampton
Beach, New Hampshire, for 1978 Ecological Study Program.
' Seabrook Annual Hydrographic Report, 1978.




TABLE 2.2-2. OPERATIONAL DATES AND SAMPLING DEPTHS FOR 1978 NAT CURRENT METERS AND TEMPERATURE
MONITORS OFF HAMPTON BEACH, NEW HAMPSHIRE. SEABROOK ANNUAL HYDROGRAPHIC REPORT, 1978.

SENSOR DEPTHS BELOW
INSTANTANEOUS SEA SURFACE

MOORING LOCATION WATER DEPTH DATES CURRENT TEMPERATURE
MOORING LATITUDE LONGITUDE AT MLW, OPERATIONAL , METERS MONITORS
DESTGNATION N W FT (M) 1978 FT (M) FT (M)
Reference Site
™7 43°55715" 70°46 46" 60.0 (18.3)] Jan 1 to Dec 31 D ( 1.7) 2.0 ( 0.6)
Dif fuser Site
D3 HP 42°53" 36" 70°47'53" 75.0 (22.9)] Sep 21 to Dec 31 10.0 ( 3.0) 1.8 ( 0.6)
D3 MID Sep 27 to Dec 31 20.0 (6 1} 35.0% (10.7)
D3 LO Sep 21 to Dec 31 13,0%
Offshore Intake Site
I-4 Upper 42°54' 20" 70°47'09" 55.0 (16.8)] Jan 1 to Sep 20 P { 1.6) é.s { 0:.7) w
I1-4 Mid . 20.0 ., ( 6.1)
I-4 Lower 44.0 (13.4) |4t .6 (14.8)
Rocks Area
B Upper 42°53'49" 70°48"' 00" 15.0 ( 4.6)] Jan 1 to Dec 31 N/A 1.0 { 0.3)
B lower 131.0 ( 4.0)
Hampton Harbor Estuary Naico 10C1-T
HH Upper 42°53'59" 70249 09" 4.0 ( 1.2)] Jan 1 to Apr 4 N/A 1.0 ( 0.3)
Naico Data Logger *
HH Lower A[’l' 5 to Dec l,a 4.0 ( 1-2)
BR Browns River (Plant Site) 2.0 ( 0.6) Mar 8 to Dec IHL N/A 2.0% ( 0.6)
Hampton Beach State Park
Wind 42°53'58"  70°48'46" Jan 1 to Dec 31 35.5 (10.8)"

Hampton Beach Marina

Tide 42°54'o8" 70°49'06" Jan 1 to Dec 31 W

*

Depths below mean low water (MLW)

L AP

Height above mean sea level

'aondu¢tiv1ty (surface only) also recorded Aug 12-Dec 5

UConductivz: also recorded Mar 8-Dec 15
h---



Temperature and conductivity were measured at 20 min inter-

vals at Browns River and in Hampton Harbcr as specified in Table 2.2-2.
The Naico Model 0265 Data Acquisition and Logging System was used, with
two remote thermistor units (one only at Browns River), one remote
conductivity unit, a Model 3243B Memodyne Data Logger and a power
supply. Data were recorded on digital cassettes backed up by a Datel
thermal printer. The instrument was serviced every two weeks and
removed at regular intervals for calibration and any necessary main-

tenance.

2.2.2 Spatial Surveys

Monthly hydrographic surveys measured seasonal and tidal
variations in water temperature, salinity, density and dissclved oxygen.
Data were collected during slack-water surveys and plankton cruises.

The slack-water surveys had two sampling runs, one during high-water
slack and the other durinc¢ low-water slack. At each sampling station,
(Figure 2.2-2), vertical profiles of temperature and conductivity were
made with a Beckman RS5-3 salinometer. Sampling depths were the sur-
face, 3.3 ft (1 m), 6.6 ft (2 m) and thereafter, every 6.6 £t (2 m) to
bottom. Water samples from near surface and near bottch were obtained
using Kemmerer or Niskin water samplers. Duplicate samples were used
for laboratory determination of dissolved oxygen Ly Azide modification
of the Winkler method (U.S. Environmental Protection Agency, 1974), and
for determination of salinity with a Beckman Model RS7C Induction Salin-
ometer referenced to standard seawater samples. Plankton cruises were
conducted similarly, but without regard for tide stage. Field methods

were the same as for slack-water surveys.
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- LABORATORY AND DATA PROCESSING METHODS

2.3 Temporal Monitoring Data

Current, temperature, tide elevation and wind data strip
charts were verified for correct start and end times, and agreement with
field checks. Possible instrument malfunctions were also identified.
Time basing was done by using the known start and end times and the 3-hr
timer marks. Current and wind data were reduced to 20-min visual ave-
rages of speed and direction using standard conversion tables. The
time and height of each high and low water were determined from the tide
chart. Data were keypunched, listed and reviewed. Current flow types
were defined by visual averages of data from all operational current

meters.

Temperature strip charts were digitized cnto magnetic cassette
tapes using a Numonics Model 274-133 Electronic Graphics Calculator, a
Numonics Model 310 Interface and a Techtran Model 8400 Read/Write Unit.
Tapes were then computer processed and listed. Data were tabulated and
hourly average valu2s punched onto cards. Data were processed by the
PSNH Engineering Department, using a standard series of plot and tabu-

lation software.

Temperature and conductivity data from Browns River and
Hampton Harbor collected during the periods specified in Table 2.2-2,
were computer processed directly from the digital cassettes Or the
back up thermal tapes. These data wer: then compiled with the time of
high and low water measured at the tide gauge in Hampton Harbor. Daily
high and low water salinity and temperature values were plotted, exclu-

sive of data gaps.
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2.3.2 Spatial Survey Data

Field data sheets from slack-water surveys and plankton
cruises were checked for accuracy and completeness. Dissolved oxygen
samples were processed in the laboratory and results entered on the
field sheets. The data were keypunched and listed. The data were then
sent to PSNH, where temperature conversions, salinity, sigma-t and
dissolved oxygen values were calculated by computer. The salinity and
dissolved oxygen values were compared to results obtained during field

sampling.

Discrete temperature measurements were made surface to bottom
during monthly plankton cruises and slack water surveys. The slack
water surveys were conductea in two sampling runs, once during low water
and again at high water. Plankton cruises were not tied to any tidal
stage. Using slack water survey data (surface and bottom measurements,
only) , temperature contours were prepared for an offshore transect
(SRIGMR to SMOR12), and a longitudinal transect, (SMORT7 to SMOOR9).

Locations of the stations sampled are shown on Figure 2.2-2.

2.4 ANALYTICAL METHODS

Temperature and salinity, data from nine slack-water survey
stations (Figure 2.2-2) were analyzed to determine the water mass
characteristics of the coastal water and Hampton Harbor water at low
slack tide. The data used for this analysis are from 55 slack water
surveys between June 1974 and Deceuber 1978 and are presented in several

NAI data reports (NAI 1975a, 1977a, 1979a and 1979b. Data were plotted

by station and by depth on T-S diagrams. Scatter plots were then compared

-

tc a water-mass model proposed in Parsons et al. (1976) to determine how
well the model predicted the observed T-S characteristics. After deter-
mining the T-S distribution for the coastal water stations, a simple
bivariate model vas used to assess the influence of local physical

processes in modifying this coastal water mass.
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2.5 OTHER DATA

Air temperature data from U.S. Weather Bureau stations at
Portland, Maine and Boston, Massachusetts for 1978 were obtained from
NOAA-Environmental Data Service (NOAA-EDS 1973-1978) summaries. Monthly
means of daily maximum and daily minimum temperatures were then calcu-

lated.

Mean daily and monthly average runoff data for 1978 from the
Merrimack River, the Piscataqua River basin (based upon the Lamprey
River) and the Saco River basin were obtained from the U.S. Geological
Survey. The discharge rates into the western Gulf of Maine by these

rivers were determined.




3.0 RESULTS
3.1 CIRCULATION
3.1.1 Currents

3.1.1.1 Current Types

The currents in the ccastal waters near Hampton Beach, New
Hampshire have been divided into two predominant types: tidal and non-
tidal (Figqure 3.1-1). Flow governed by the effects of the tide were
further divided into weak tidal and reversing flood and ebb tidal

t

flows. Weak tidal flows are characterized by very low speeds with a

rotary change in directions. During 1978, 12.3% of all flows were weak

ot

idal. Reversing ebb and flood tidal currents have a northward flowing
flood component and a southward flowing ebb component. A direction
reversal takes place every & to 7 hrs with a short slack period. Of all
flows, 41.7% were reversing tidal currents. Tidal flow accounted for

54.0% of the current flows in 1978.

Currents dominated by non-tidal flow were subdivided into flow
toward the south and flow toward the north. Although the direction of
flow will persist for several tidal cycles, tidal influences were
observed in the current speed. Botn north and south currents are
divided intc moderate and strong flows. Moderate flows have speeds from
0.2 to 0.3 kn (10.3 to 15.4 cm/sec). Strong currents exceed 0.3 kn
(15.4 cm/sec). Moderate flows to the north were recorded on 18.9% of
the days on which data were collected. Fourteen and three-tenths per-
cent of the non-tidal currents had moderate flows to the south. The
remaining 12% of data were evenly divided between strong northward and

-

southward flow. The distribution o€ current types for 1973 to 1977 is

ik g o - 2.1
rables 7.1-2 to 7.1-10;

presented in Appendix Figures 7.0-1 and Appendix
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3.1.1.2 Temporal Trends

There was seasonality among the flow types (Figure 3.1-2).
Tidal flows were predominant during most of the year. Only in the fall
did non~-tidal currents make up greater than 50 percent of the flows.
Reversing flows dominated the tidal category. Irregular and weak flows
were observed more frequently in winter and summer. Flows to the south
were more frequent during the winter and spring. Conversely, flows to
the north occurred more frequently in the summer and fall. Of Che four
seasons, spring had the greatest percentage of moderate southerly
flows. Winter had the most strong southerly flows. Moderate northerly

flows were greatest in the fall, as were strong northerly flows.

From the flow statistics, several current characteristics were
established. Currents respond primarily to tidal forces. Southerly
flows were strongest in the winter and spring. Strong southerly flow
episodes tended to be associated with strong winds toward the south
(Appendix 7.0-3). Northerly flows were greatest in the late summer and
fall, when winds were strong from the southwest. Tidal flows were
greatest in the summer when local wind velocity was low and from the

snuthwest quadrant.

3.1.1.3 Spatial Trends

Current meters measured speed and direction at three locations
during 1978. These data were recorded at two depths at Moorings I-4 and
D-3. A seascnal summary of current meter data in the form of rose
diagrams, is presented in Figure 3.1-3. Rose diagrams of monthly cur-

rent observations, with a procedure for interpretation, are provided in

~3

Appendix 7.0-2. Hourly average sequential vector plots are presented in

7.0=3,

-~

Appendix

The predominant flow during the winter m.nths was southerly,

seen both at the surface and with depth. Highest mean speeds were
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southwesterly, 0.3 kn (15.4 cm/sec) at T-7 and 0.39 kn (20.0 cm/sec) at
I-4 upper. The greatest mean speed at I-4 lower was 0.22 kn (11.3
cm/sec) toward the south. Roughly 20% of the current speed recorded
during the winter were below threshold, 0.04 kn (2.1 cm/sec).

North and northeasterly components of flow were observed in
the spring when the wind was toward the north and northeast. Due to
storm problems a large portion of speed data during the spring was ques-
tionable. Therefore, mean speed values represent only a small part of
the speed data collected. Mean speeds ranged from 0.16 kn (8.2 cm/sec)
to 0.42 kn (21.6 cm/sec) at the surface and 0.08 kn (4.1 cm/sec) to 0.20
kn (10.3 cm/sec) at depth. Highest mean speeds were southerly at T-7
and southwesterly at I-4 lower. Six percent of the data were below

threshold in the spring.

During the summer months, currents toward the north and north-
east had the highest mean speeds »oth at the surface and at mid-depth at
T-7 and D-3. However, speeds were higher at the surface. Mean speeds
ranged from 0.20 kn (10.3 cm/sec) toward the north at T-7 to 0.24 kn
(12.3 cm/sec) northeasterly at T-7 and D-3 upper. Greatest mean speeds

at D3 mid, 0.19 kn (9.8 cm/sec) were north and northeasterly.

Speed da‘*a were guestionable during a portion of the summer at
I-4 upper and lower. Sneed and direction distribution were nearly equal
in all quadrants at I-4 upper. At I-4 lower, southwesterly mean speeds
were slightly higher. For all moorings, twelve percent of the surface
data were below threshold, while 24.0% of the measurements at depth were

below threshold.

Currents toward the north and northeast continued to pre-
dominate throughout the fall. Highest mean speeds were associated with
those directions. Maximum mean speeds were 0.19 kn (9.8 cm/sec) north-
easterly at T-7 and 0.21 kn (10.8 cm/sec) at D3 upper, also northeast-
erly. Strong flows were also seen in the north and easterly directions

at T-7 and north, south and southwestern quadrants at D3 upper. Mean
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speeds at D3 mid were highest in the northeasterly direction, 0.21 kn
(10.8 cm/sec). High speeds, 0.15 to 0.16 kn (7.8 to 8.2 cm/sec), were
also measured in the north, east, south and southwest quadrants. Ten
and one-half percent of the data were below threshold speeds at the

surfac2 and 12% were below threshold at D3 mid.

Some surface current comparisons can be made between Moorings
T-7, I-4 upper and D-3, as they were at approximately the same depths
below the surface. Similar current speed and direction data were re-
corded during much of the time the meters operated. As an example, the
speed and direction of the currents were comparable during January at T-
7 and I-4 upper. Moderate southeasterly currents changed to strong
southwesterly flows. These changes were recorded on both meters.
Current speeds were comparable, 0.88 kn (45.2 cm/sec) at T-7 and 0.70 kn
(36.0 cm/sec) at I-4 upper. There was also good spatial current com-
parison in September through December between T-7 and D-3 upper. Speeds
ard directions were similar, although speeds at T-7 were higher in
September and October and D-3 upper speeds were higher in November and
December.

Vertical current comparisons were alsoc possible. Mooring I-4
upper and lower were separated by 38.8 ft (11.8 m). Speeds decreased
with depth in most instances, approximately 0.1 kn (5 cm/sec) between
the upper and lower meters. Current directions were within 30° at any

given time during the year.

Meters at D-3 upper and mid were 10 ft (3.0 m) apart. Current
direction was comparable during most of the summer and fall. A devi-
ation from tris pattern occurred only when shearing between surface
water and water at depth occurred. For example, on September 29, sur-
face waters moved toward the southeast, while water at mid-depth flowed
toward the northeast. The shearing appeared to be the result of wind
toward the southeast affecting the surface waters. A wind shift toward
the southwest ended the episode and both meters recorded flow to the

northeast. Speeds, at that time, were nearly equal.



21

g Tide
Tide height was measured continuously at the Hampton Harbor

Marina during 197¢9.

Tide measurements agreed closely with predicted tide values.
Yearly average tides at Hampton Harbor were within 7 minutes of the
predicted semi-diurnal tide. Tidal range was within * 0.1 ft (0.03 m)
of the 8.3 ft (2.5 m) prediction. Table 3.1-1 shows the monthly maximum '
and minimum tidal ranges at Hampton Harbor. The highest high tide, 12.1 ‘
ft (3.7 m) was associated with the "Blizzard of 1978", during which, a
large low pressure system stalled offshore of New England from February
6 to 9, 1978. The lowest low tide, estimated at -5.4 ft (-1.6 m) was
observed during that storm period. In most cases, extreme tides were
associated with spring and neap tides. Where storms influenced the

maximum and minimum tide level, it is noted.

TABLE 3.1-1. MAXIMUM AND MINIMUM MONTHLY TIDAL HEIGHTS MEASURED AT
HAMPTON HARBOR. SEABROOK 1978 ANNUAL HYDROGRAPHIC REPORT,

1978.
MAXIMUM MINIMUM
HEIGHT HEIGHT
MONTH FT (m) DAY FT (m) DAY COMMENT
J 11.6 (3.5) El -3, (=1.1) 11
F | 12.1 (3.7) 5 -5.4 (=1.6) 9 storm
| M | 9.1 (2.8) | 9 | -1.5 (=0.5) 25,26
| A& | 9.3 (2.8) | 26 | ~-l1.5 (=0.5) 23 I
M | 9.3 (2.8) 26 | -2.7 (=0.8) 23 storm
J | 10.3 (3.1) 21 -2.9 (=0.9) 24 l
, J 3.9 (3.0) 19 -3.3 (=1.0) 6 {
i A 10.3 (3.1) 20 =1.3 (=0.4) 20
s 3.8 (3.0) 16 -1.6 (=0.5) 14
0 9.7 (2.9) 14 -1.3 (=0.4) 15 storm
' N 9.9 (3.0) 30 -2.3 (=0.7) 2 storm
{ D 10.4 (3.2) l, 25 -2.7 (=0.8) 2 storm

a_ .
Relative to mean low water (MLW).

o)

“Extrapolated from stripchart record




o B Wind

Seasonal variation in local wind speed and direc.ion was

™

observed during 1978 (Figure 3.1-3, Appendix 7.0-3 and 7.0-2f).
During the winter months, a westerly winrd predominated. Winds from the
rorth and northwest were of secondary importance. Highest wind speeds,
with a significant number of observations, were from the north with a
mean speed of 13.2 kn (6.8 m/sec). Other mean speeds ranged from 7.8 kn
(4.0 m/sec) to 1l1.2 kn (5.7 m/sec) in the northwest and southwest direc-

tions, respectively.

Westerly winds were recorded most frequently in the spring.
The highest mean speed was 14.6 kn (7.5 m/sec) from the northeast. This
was the highest mean speed value of the year. The mean speed from the
southwest was 10.1 kn (5.2 m/sec) and eastcrly and westerly winds had

mean speeds of 9.5 kn (4.9 m/sec).

The wind speeds were lowest during the summer months. Summer

) )

wind speeds from the southwest averaged 8.3 kn (4.3 m/sec). The predom-

inant directions were southwest and west.

win

.

speeds increased in the fall. Southwest and west were
the two most observed directions. lz2an speeds from the southwest and
west were 2.9 kn (5.1 m/sec) and 9.5 kn (4.9 m/sec), respectively.

However, highest mean speeds were from the northeast, 10.6 kn (5.4

m/sec) and east, 10.3 kn (5.3 m/sec).

3.2 WATER TEMPERATURE

3.8 1 Temporal Variation

Water temperature is primarily controlled by solar radiation.
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affect water temperature. The interaction of these factors caused the



temperature to vary seasonally. Summaries of monthly means of daily
maxima, daily mean and daily minima of temperature at Moorings I-4 and
T-7 are presented on Figures 3.2-1 and 3.2-2. Data from Moorings D=3,
B and HH are presented in Appendix Figures 7.0-4 to 7.0-6. Comparison
of 1978 data with all survey years are printed in Appendix 7.0-7.

Lowest surface temperatures were recorded in February, approx-
imately 30 days later than the coldest air temperatures. Strong ver-
tical mixing during the late winter created isothermal conditions
throughout the nearshore water column breaking down in inverse (cooler

surface water) thermal stratification.

Temperatures began to increase in April and May. A thermo-
cline developed as a result of vertical salinity stratification produced
by spring runoff, enhanced the thermocline's development. Subsurface
moorings, I-4 mid and lower, showed much slower warming. In summer, the
thermocline continued to deepen, as warmer surface waters were mixed
vertically. Highest temperatures were recorded in August, approximately
30 days behind the maximum air temperatures. Decline of temperatures
began in September and continued through December. During the winter,

waters were well mixed by winds. Temperatures were nearly isothermal.

Contours of surface water temperature during low slack water
for the offshore transect are shown on Figure 3.2-3. Except during the
summer, there was no offshore gradient in surface water temperatures.

In all months but February and March, surface water within the harbor
was slightly warmer than SMOOR5 and SMORl12. Beginning in late May and
extending through September, harbor waters warmed steadily. Offshore
waters warmed at a much slower rate and an offshore gradient in temp-
erature was established. Maximum temperatures were reached in August.
With decreasing water temperatures in the fall, the »ffshore gradient of

surface water temperature decreased.

Contours of bottom water during low slack water were similar

to the surface profiles. Bottom water was generally cooler offshore.
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In May, the influence of vertical temperature stratification could be
seen and was most pronounced during August and early September. In

the fall, the bottom water lacked an offshore gradient indicating
vertically isothermal conditions. Variations between surface and bottom
temperatures during ocbb tide were greatest during August, when the
thermocline had not reached sufficient depth to include the bottom water
at SMOR12.

The influence of warmer estuarine waters was less pronounced
during high slack water (Figure 3.2-4). At the surface, no offshore
thermal gradient was observed through late May. Warmer surface water
was measured late June through August, although the temperatures were
not as high as surface water on the ebb. Warmer estuarine waters were
not seen beyond SMOORS. By September, cooling began and isothermal

conditions returned.

Warmed water at the bottom during high and low water and ebb
were seen in the summer. Highest temperatures were measured at SRIGMR,
the shallowest station. An offshore gradient extended to SMOORS5 in

August, but the water column was isothermal again in the fall.

Longitudinal profiles of temperature were constructed simi-
larly. No alongshore thermal gradient was observed at the surface
during low slack water (Figure 3.2-5). The temperature variation
between SMORT7 and SMOOR9, a distance of about 3.5 n mi, was less than
1.0°C (1.8°F) throughout the year. Warmest surface temperatures were

measured in late August and coldest temperatures in February.

No alongshore thermal gradients were observed at the bottom
through June. From July until October, warmer bottom temperatures were
seen at the shallower stations. This was pronounced in late August when
the temperature at SMORI-4 was 17.0°C (62.6°F) and at SMORT7 to the
north, the temperature was 11.5°C (52.7°F). Similar conditions lasted
through late October. The absence of the alongshore gradient returned

in November.
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Temperature contours during high slack water were similar.
These profiles are shown on Figure 3.2-6. The surface water showed no
alongshore gradient. The bottom profiles showed little gradient except
during August and early September when warmest air temperatures were
reccrded during that time also. Warmer temperatures were measured at
SMORI-4 and SMORT7. The depth of the thermocline exceeded the sampling
depths at. SMORI-4 and SMOR-12 during August and early September. Iso-
thermal conditions throughout the entire local water column returned in

late Octcber.

The vertical distribution of temperature observed during the
slack water surveys at SMORT7 and SMOR12 is presented on Figure 3.2-7.
Vertical thermal stratification was observed late May through September.
Except for some slight thermal stratification in early May, the water
column was relatively isothermal throughout the year. During periods of
maximum thermal stratification, there was at least a 5°C (9°F) vertical
gradient in temperature in the upper 8 to 20 m (26.2 to 65.6 ft) of the

water column.

3.3 SALINITY

3.3.1 General

Precipitation and discharge greatly affect salinities of the
coastal waters in the western Gulf of Maine (Graham, 1970 and NAI,
1979b). 1Inches of precipitation (water equivalent) measured at Concord,
New Hampshire during 1978 is shown on Figure 3.3-1. The region from
Cape Ann, Massachusetts northward to Cape Elizabeth, Maine, about 20
percent of the drainage basin is comprised of the Merrimack River,
Piscatagua River and Saco River svstems. Mean monthly discharge data
from the most downstream U.S. Geological Survey gauging stations on each
basin were compiled to determine approximate runoff into the coastal

waters (Figure 3.3-2).
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;s B Temporal Variation

Offshore salinities, measured during slack water surveys, were
in the 28% to 34% range in 1978, with values typically between 31% and
33% (Figure 3.3-2). Lowest offshore seasonal salues were recorded in May,
during the period of maximum local runoff, while maximum values were re-
corded in December, during the season of lowest discharge. These relation-

ships are similar to those observed in previous years (Figure 3.3-2).

Estuarine salinity, using the in situ recorders, was measured
partially in 1978 in Browns River and Hampton Harbor (Figure 3.3-3). The
available Hampton Harbor data exhibited a similar temporal distribution
as observed in Browns River except there was little difference between

high and low water during that time of the year (fall).

Low water salinity values in the Browns River varied from
season to season. Lowest salinities were recorded in March, April and
May when freshwater runoff was greatest; wvalues ranged from less than
Soﬁoo to 250/00. Salinities were higher in the summer, 22 to 26 o/oo,
as freshwater input was minimal. Values continued to rise throughout
the fall, reaching a maximum of greater than 310/00 in September.
Salinity values were less variable in the late fall and winter, averaging

O
about 26 /oo.

Salinity measurements from high water varied l.ttle throughout
the year at Browns River except during heavy spring rainfall periods.
Salinity decreased only 2 to 3 O;’oo during the spring period of greatest
runoff falling to 1?0/00 in May. Highest values were recorded in September
and October peaking at 340’00. Average salinities in the fall were

-
32" /o0.

aFo 3 >patial Variation

Offshore and longitudinal salinity profiles were prepared
using slack water survey data. Stations used for salinity contours were

si
dentical to those used for the temperature contours. Nearshore salin-
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ity was affected by estuarine discharce during periods of spring runoff
(Figure 3.3-4). During March, April and May when freshwater runoff was
greatest, surface salinities at the Hampton Harbor Station were as low
as 15 /oo on the ebb tide. However, these¢ less saline surface waters
did not extend to SMOORS (Figure 3.3-4). The surface water was neariy

isochalirne during low slack water during the remainder of the yea-.

Bottom salinities during low slack water were also lowered in
response to the spring freshwater runoff period (Figure 3.3-4). Lowest
values were in May, 190/00, the lower salinity water extended to SMOOR).
Throughout the rest of the year, bottom salinities ranged from 32 to 32

(]
/o0,

Offshore contours from high slack water data showed a differ-
ent salinity pattern. At the surface, salinities varied little between
stations (Figure 3.3-5). 3Salinicies ranged from 26 to 330/00 during
most of the year. Some less saline water was noticed at the surface at
SMOORS5, but it was attributed to sampling done near the change of tide.
During hich slack water at the bottom, very little change in salinity

. o
was seen throughout the year. Salinities ranged from 29 to 33 " /oo.

Longitudinal (long shore) profiles from low slack water data
are shown on Figure 3.3-6. Isohalines ran alongshore during most of the

rear. During April, May and June, lower surface salinities, 27 to 29

e

(&)

/o0, were measured at SMOORY9 and SBELLB. Lowest salinity values were
confined to the surface. Salinities ranged from 31-32 “/oo at the

pottom.

Surface contours constructed from high slack water data were
similar to the ebb and low water profiles (Figure 3.3-7). During May,
lower salinity water, 28 O/oo, was seen at *b - north and south ends of
the study area. Lowest salinities were coi.in2d to the surface. Bottom

i ] o,
salinities varied little throughout the year, 31 to 33 " /oo.

Salinity stratification was related to freshwater discharge.

There was no stratificatior during the winter months. With the spring
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freshwater runoff, however, the halocline developed. Lower salinity
water remained at the surface and higher salinities were measured at
depth throughout the summer. In autumn, the halocline and thermocline
broke down because of very little freshwater discharge and mixing of the

surface and bottom water. Isopycnal conditions remained throughout the

win‘“er.

3.4 DENSITY

Seawater density is controlled by temperature and salinity. A
temperature vs. salinity diagram, Figure 3.4-1, was constructed using
surface and bottom data from all low slack water survey stations. To
simplify the diagram, only the area encompassing the distribution of

data points for each survey are plotted.

During the winter months, the coastal water was cold and very
saline. "Stringers" to the laft on the diagram indicate warmer temp-
eratures measured within the harbor. In the spring, especially in May,
water temperatures increased 5 to 10°C (9 to 18°F) and salinity de-
creased greatly. These abrupt changes were related to the increased
amount of freshwater added to the system. Temperature and salinity rcse
throughout late spring and summer. Highest water temperatures were
measured in August. In September, temperatures began to fall and
decreased concinucusly into December. Salinity values decreased slightly
in October, in response to some autumnal runoff. Throughout the rest of

the year salinity remained high, 32 to 34 O/oo.

Density distributions varied throughout the year. Coastal
waters were densest in the late fall and early winter; maximum observed
densitv was 26.3 sigma-t units. During that time there was min.mal

vertical density stratification (less than 0.5 units at the coastal

water stations). The pycnocline developed by late May in response to
freshwater entering the coastal waters and atmospheric warming. Vertical
density stratification of up to 5.0 units were observed (SGONG). Tue

development of stratification continued throughout the summer. Sigma-t
valuve ranged from 21.4 to 25.8 units. In the fall mixing of the water
column created isopycnal conditions; vertical variation in density less

than 0.8 units at that time.
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3.5 DISSOLVED OXYGEN

Highest dissolved oxyger values were observed in late winter,
11.6 mg/l. Lowest values were recorded in late summer, 7.2 mg/l. No
consistent relationship was observed between the data and tide stage or

depth.

Dissolved oxygen values varied about 6.0 mg/l over the year,
and the data did not seem to pe salinity dependent. Large variations in

salinity did not change dissolved oxygen data.

Temperature had a pronounced effect on the amount of dissolved
oxygen in the water column. Dissolved oxygen vs. temperature from the
slack water survey stations is plotted on Figure 3.5-1. During the
winter and spring, temperatures were low and dissolved oxygen was high-
est. When temperatures warmed, the dissolved oxygen values decreased
and spatial/tidal effects were most noticeable. Minimum D.O. values
were measured in July, and August when water temperatures were highest.
Temperature effects were most noticeable during the July 24th cruise when
high temperature/low D.0O. values were observed at the estuarine stations
(Hl, H14) during low slack tide. Noticeably higher D.0O. values were ob-
served at both tide stages in the colder bottom waters (8,2°C) at marine
stations H4 and Hl2; all other station/tide combinations showed inter-
mediate values on that date. Temperatures decreased in the fall, and
dissolved oxygen remained nearly constant. The waters off Hampten

Harbor were saturated or nearly saturated during all of 1978.
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4.0 DISCUSSION

4.1 WATER MASS CHARACTERISTICS

Analysis of all the slack water survey data collected from
1974 to 1978 indicates the surface coastal water off Hampton Harbor fits
the model presented in Parsons et al. (1976). This model presents four
major seasonal water mass types: Winter Water Mass (WWM): Spring Transitional
Water Mass (TSWM): Summer Surface Water Mass (SWM); Fall Transitional
Water Mass (TFWM) which was conceptualized from te perature and salinity
data collected in an unrelated study off the New Hampshire coast by
Shevenell (1974).

These water mass types can be fit to the slack water survey
data collected over the last five years; the descriptive characteristics
vary from year to year and expand somewhat as more data are collected.
The WWM has salinities ranging from 30.9 to 33.6% and temperatures
ranging from 0.9 to 5.0°C. This water mass is present from late December
into March. The spring freshet and atmospheric warming result in changes
in the T-S characteristics during the spring months (March into May).
Salinities in the T_WM range from 27.7 to 31.0%, and temperatures range

S
from 4.0 to 10.3°C. The T_WM is characterized by vertical temperature

and salinity gradients. Iicreased atmospheric warming and a decrease in
freshwater runoff during the summer months (May into early October)
result in the development of the SWM (28.0-32.0 o/oo and 11.0-20.3°C).
Increased storm activity coupled with low runoff results in a transition
of the SWM into the WWM. The TFWM is generally observed from October
into December. It is characterized by salinities ranging from 30.8 to

32.3% and temperature of 6.8 to 13.0°C.

The water mass characteristics off Hampton Harbor are dominated
by this annual cycle. The T=-S5 charact -istics are controlled each year
by three physical processes which tend to alter the WWM. Spring runoff
initiates vertical density stratification of the coastal waters. Increased
atmospheric warming augments vertical stratification of water density.

By summer a thermocline and halocline are well developed in the coastal
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water. The surface water mass is created as the thermocline and halo-
cline deepen. A decrease in freshwater discharge and mixing above the
halocline create a relatively uniform salinity distribution in the
surface water-mass. Periods of warm weather and low winds will create
temporary thermoclines in the near surface waters. These are usually
broken down by mixing caused by wave action. The typical meteorological
and oceanographic characteristics of this local coastal environment are

summarized in Table 4.1-1.

The fall is another transitional period. Atmospheric cooling.
relatively low runoff and intense mixing during frequent storm passages
tend to break down the surface water mass and create mixing with the
bottom water mass (generally observed in water deeper than 30m). By
late December the coastal waters are well mixed with a relatively narrow

T-S distribution.

Water ebbing from Hampton Harbor can have slightly different
T-S characteristics than the contiguous coastal watexr. During the
spring or high runoff periods, estuarine water will have a lower salin-
ity than the coastal waters. During periods of atmospheric warming the
estuary, because of its shallow nature and large expanse of intertidal

area, may be discharging water, which is warmer than the coastal water.

Comparison of the model to the temperature and salinity
observed during low slack water surveys of the surface coastal water
from 1974 through 1978 indicate good agreement. Only 2% of all obser-
vations (from all surveys) were not conforming with the monthly model
predictions (Table 4.1-2). Seventy-four percent of the observations
agreed with the monthly prediction with no exception in either salinity
or temperature. The remainder of the observations had exceptions.
Forty-three temperature observations did not conform, with higher temp-
eratures than predicted cbserved July through September, accounting for
53% of the exceptions; higher temperatures than normal also occurred in
the winter, accounting for another 26% of the exceptions. The remaining
nine exceptions (21%) were lower temperatures than the model predicted.
Lower salinities than predicted occurred with greatest frequency in May
and November, accounting for 12 (20%) of the 59 exceptions (Table 4.1-

3).



TABLE 4.1-1.

SUMMARY OF METEOROLOGIC AND OCEANOGRAPHIC CHARACTERISTICS OF THE LOCAL COASTAL ENVIRON-

MENT (BASED UPON DATA COLLECTED 1973 TO 1977). SEABROOK ANNUAL HYDROGRAPHIC REPORT, 1978.

PRECIPITATION

WINTER

[ JANUARY

RUARY ,

FES
MARC H

West 9.2 kn
Nw 7.3 kn
Sw 8.9 kn
Highest average
speeds from
[ 9.4 kn
NE 10,1 ke

Feb 27F (- X)
Mar ISF (X0)

3.4-4.2 in.
Regional total dis-
oharge 442,000 cfs .

Flomi nant

NN

idal 2. W
.08

t drift south-
ard.

in February

sratures vary
between 12I°F and
IG*F at surface

Teay -

average 3l-3) Joo

AlR AND WATER DISSOLYED
SEASUM WiND TEMPERATURE RUNOF § CURRENTS TEMPERATURE SALINITY OXYGEN
Vredominant from Jan 25F (-&C) Avg. Precipitation Pouthers flows pre-| Loweast temperature JSurface salinities JIO 0-11.5 mg/l

PO- 1008 saturated.

SPRING

L., MAY
NE

vr

AP

Predominant from

w 7.1 kn
NW 7.0 kn
s 6.5 kn

Highest average
sponds from
NE 10.0 kn

April 46F (8C)
May S6F (13C)
June &5F (lex)

Avg. precipitation
2.8-3.6 in,

Months of maximus
ansual runoff
Reglonal total
discharge

622,000 cfs

Max value observed
April 1973
1,022,2% cfs,

idal flows most
f requent
idal 45.0n
.06
18.9%
t drife
outh.

Development of a
seasonal thermo-
cline.
Temperature rise
rapidiy 40°F-
SO*F at surface

Greatest varia-
tion betwee sur-
facg and bottom
3-5 /oo Surface
salinities gengre
ally 28 to )1 /oo
Bottum salinities
-nualally 32 to
M Joo,

10.5-11.) mg/}
Mith spring bloom,
Mecrease to 9.0-
0.0 my/1.

Mhen 2.0-11.5 mg/1
saturated Lo super
saturated

Mear surface value
highetr than ™
DO Lo

LUMMER

S
JULY,

UL AUGUST
T EF

SE

Cale and vari-
avle predominant

~ 6.1 kn
SW 7.8 kn
Nw 5.5 kn

Average speeds
in all direc-
tions 5 kn

*uly 7TIF (22C)
Aug  69F (21C)
Sept &2F (17)

Avg. precipitation
2.7-1.4 in

Montte of minimun
annual runoff.
Hegional total
discharge

172,000 cfs.
Minimum valuoe
recorded in Aug
1974, 79,954 cfs

‘urrents pri-

rily tidal
idal 57.2s%
S 4.5
N 18
Mat drift
south

Highest temp. in
August. Tempera-
tures at surface
»SO0°F little vari-
ation over the 3
months $2-3°F
Temperature 4if-
ferences surface-
bottom greatest
to*r-10°F.

In harbor, 0.7
(0.4C) ditference
between surface
and bottom High-
est 72.5F (22.5%C)

Surface 29 I)o/ou
near ttom 12.0-
.0 k‘/’uo in
depths greater than
10 m. Values at
surface and bottos
neariy equal in
depths of 10-20m.

8.0-10.0 mg/L

susemer 1 8 mg/L

Near surface super-
saturated 100-]1208.
Near bottom B0- 1008,

lowest values in lote

D!

(OCTOBER, NOVEMBER

Predominsnt
from

~ 8.1 kn

B 8.6 kn

s 7.7 kn
Highest average
speeds foom

¥ 9.7 kn

NE 9.7 kn

Oet  SAF(IIC)
Nov 427 ( 6C)
Dec  YOF (-1C)

Avg. preciplitation
3.8-4.1 ln. for
early autumn.
Reglonal total Als-
charge=324,500 cfe
Avg. precipitation
3.5-4.6 in, for
late autumn.
Regional total dis-
charge~518,500 cfe.

Northerly flows
prevalent

N 48
Tidal 286

s 23,60

Net drift south.

Decline steadily
from SO*F-winter
temp. of 40°F.
Water becomes well
mined--little varl-
ation between sur-
face and bottom,

Vertical break-
down of stratifi-
cation generally
late October at
early Novesber.
Salinities gengr-
ally 31 to 32 Joo.

7.5%-10 mgy/1 values

Slightily unsaturated
90- 1008

Data from NOAA Climatological | NOAA Climatological |Data from current B V485 ke, BN R} 405 22 AE— Y € 6 24 ) E—
« monthly rose Data (monthly ave- | and USGS Water flow type into
gg (wind) Alagrams rage of Boston and | Resources Data (Mer- 197%-1977 net drift

in Appendix Portland) . rimack, Plecataqua | longahore compo-

1973-1977 and Saco Riversh nents (MAI, 19715)‘

rise sharply in autusn
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TABLE 4.1-2. SUMMARY OF COMPARISONS BETWEEN ALL FIELD OBSERYATI™NS AND MODEL PREDICTIONS OF SURFACE
WATER SALINITY AND TEMPERATURE. SURFACE DATA FROM LOW WATER SLACK SURVEY STATIONS,
JUNE 1974 TO DECEMBER 1978. SEABROOK ANNUAL HYDROGRAPHIC REPORT, 1978.

S CSSISSUE R A
COASTAL WATER STATIONS ESTUARY STATIONS
v - [ ol vy o
3 w o - 5 o o o
— oz Em > 1 HE g ’:“)"’ > ’ME
< E | =2 - = = < - - ~% . Lt =)
> — o & — L Ui = - a: —a Ll O
Y= o w o zZo T = Y- o wo = O T =
=L L e o T O W — L [ << L T . W — el
58 | 53 | &3 2 | g° | B2 | E&8 | 88 | 28 | ©°
MONTH -o @ O =O 50 Zn =F; , 28 =t e ] Zun
Dt el —— — e - o EE——— - ,-,,} i — WA SESMEIR——— petm— - —
Jan 28 16 221612 21 1 8 3 8012 3 0
Feb 17 12 12(5) 15 2 5 2 3(2) 2 2
Mar 32 28 30[0) 30 0 10 1 10{0] 1 0
Apr 22 16 18(0] 16 4 6 2 4(2] 2 0 &
@0
May 35 28 34(0] 29 0 9 6 9(0] € 0
Jun 35 35 35(0] 35 0 9 5 6[3] 5 1
Jul 34 25 2717) 32 0 10 4 4(6] -4 0 :
Aug 31 15 15[15] 30 1 8 3 3[5] 3 0
Sep 35 20 34(1) 21 0 9 4 6[3] 4 0
Oct 38 31 37({0] 32 0 11 3 9(0] 3 1
Nov 23 13 23[0] 14 0 8 0 710] 0 1
Dec 34 30 34 (0] 30 0 10 3 10[0) 3 0
- I T — — [r - - et ett— et et et - _—
PAL 364 269 : 321 305 # 103 36 79 16 5
i 1 (74)" L(Hm J (84) (2) (35) (77 | (35) (5)
— — e— IR NI ==, St e— — R R, R R el —————————————

a
[ ] Temperatures higher than normal

b . g
(Percent of total observations)



TABLE 4.1-3. DISTRIBUTION BY STATION AND MONTH OF OBSERVED SURFACE SALINITIES WHICH WERE BELOW
PREDICTED VALUES FROM JUNE 1974 TO DECEMBER 1978. SEABROOK ANNUAL HYDROGRAPHIC

REPORT, 19/8.

' : o
I NUMBER OF OBSERVED SURFACE SALINITIES BELOW PREDICTION
bk MONTH o "
STATION J f M A " J J A S 0 N D TOTAL 4
SMOOR 9 i 0 0 0 0O 2 0 0 0 0 0 1 0 3
{
SMOOR 1: I | 1 0 0 0 0 0 0 0 0 1 0 3
SMOR 0 ( 1 0 0 0 0 0 0 Q 0 0 1
SBELL B 0 ) O 0 p. 0 0 0 0 0 1 0 3
SMORI 4 : ) 0 0 0 0 0 0 0 0 0 1 0 1
SMORT 7 0 0 0 0 §] ) 0 0 0 0 1 0 1 4‘
SGONG 2 1 1 | 1 0 0 0 0 1 2 1 10
r 777777 EE—
SBRIDGE
and SRIG > 2 9 2 3 2 0 0 2 7 6 o 44 I
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November 18, 1975, January 26 and February 27, 1976, and May 19, 1978.
The surface salinities, the depth to the salinity which corresponds to
the lower limit of the predicted salinity range, and the meteorlogical

conditions prevalent are presented in Table 4.1-4.

Analysis of the data collected during the November 1975 survey
suggests that the low salinity surface water was the result of presence
of stratification in coastal water rather than low salinity water being
discharged from Hampton Harbor. The coastal water mass model predicts a
breakdown of stratification by late October-early November. During this
mid-November cruise, a halocline wis observed at 1.5 to 5m below the

surface.

The January 1976 survey observed the ebb tidal plume from
Hampton Harbor (Figure 4.1-1). The strongest winds were from the west;
consequently the plume was observed at SGONG and SMOR 12, the two sta-
tions most easterly from the entrance to Hampton Harbor. The plume was
less than 0.5 m thick. Surface salinities in the plume were about 1.7
o/oo lower than *thie predicted lower limit (29.2 O/oo), the salinity of

water ebbing from Hampton Harbor was 25.1 © /00

The February 1976 survey observed the ebb tidal plume east
(SGONG AND SMOR 12) and southeast (SMOOR 9) of the harbor entrcnce (Fig-
ure 4.1-1). Winds were from the west, with strongest winds from the
northwest during the survey. The plume was 2m thick at SGONG, l1.5m at

SMOR 12 and 0.5 m at SMOOR 9. The salinities in the plume ranged from

1.6 o/oo to less than 0.6 o/oo lower at SMOR 12 and SMOOR 9. The salinity

of water ebbing from Hampton Harbor was 27.9 O/oo.

The May 1978 survey observed the ebb tidal plume at SGONG,
SMOOR 5, SMOOR 9, and SMORT 7 (Figure 4.1-1). A portion of the plume
was observed northeasterly of the entrance, probably due to the winds
from “he southwest. The plume was lm or less thick. Surface salinities
in the plume were 3.5 o,-’oo below the predicted lower limit at SGONG; at

SMOOR 5 and SMOOR 9 the salinities were 1.9 and 1.3 o/oo lower respect-



TABLE 4.1-4.

WHEN HAMPTON HARBOR EBB TIDE PLUME WAS OBSERVED.

SURFACE SALINITY, THICKNESS OF LOW SALINITY WATER AND METEOROLOGICAL CONDITIONS FOR PERIODS

SEABROOK ANNUAL HYDROGRAPHIC REPORT, 1978.

STATIONS
DATE SBRI1DG SONG SMOOR 5 SMOOR 9 SBELL 8 SMOR 12 SMOOR F4 SMOR T-7 METEORLOGICAL
SAL IDE PTH | SAL [DEPTH | SAL [DEPTH | SAL |DEPTH |SAL JDEPTH| SAL |DEPTH | SAL JDEPTH | SAL [DEPTH CONDITIONS
November 18, 1975 | 29.4 2m 29.9 1.5m| 31.7 30.2] 0.5 | 30.5] 1.5m| 29.8] 2.5m| 30.1] 3m 29.8] 4.5m | Clear, 10°F warmer than normal day.
Predicted A significant precipitaction event
Lower salinity (1.00 in.) ocourred five days prior
limit 31.08 to survey. Winds averaging 9 aph,
18 mph maximum from north to north-
west
'
January 29, 1976 25.1 2m 29. 0.5m | 30.9 1.9 - 1.7 29.3] 0.5m| 30.2f - 32.3 Partly cloudy, 9°F warmer than
Predicted normal day. Survey followed three
Lower salinity days of rain (1.58 in.). Winds
limit 30.9% averaged 11 mph from the SW with
17 mph maximum from the west.
February 27, 1976 | 27.9 Im 29, 2m | 31.7) - 30.8] 0,5m | 31.0 30.3] i.5m| 31.3) - .8} - Clear, 16°F warmer than normal day.
Predicted Nc precipitation for the five days
Lower salinity prior to survey. Winds averaged
limit 30.9% 12.4 mph from the west with 30 mph
maximur from the Nw.
May 19, 1978 18.4 Im 24. Im | 25.8] 0.5m | 26.4] O0.5m | 28.1] - 28.3) - 27.9] - 27.4 im Clear about normal temperature.
Prediceed Survey followed three days of rain
Lower salinity (3.12 in.). Winds averaged €.5 mph
limit 27. M 19 mph maximum from the SW.
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5.0 SUMMARY

The hydrographic data collected during 1978 indicate condi-
tions which exhibit temporal and spatial variability. Coastal water
circulation was governed primarily by the tides. Strong northward or
southward flows caused by wind action were observed only 12% of the

time. The distribution of flow was seasonal.

The observed tides in Hampton Harbor were generally close to
those predicted by NOAA-NOS. The extreme tidal event was the "Great
Blizzard of 1978" which occurred February 6 to 9, 1978.

The winds exhibited a typical seasonal distribution. Lowest
velocities were observed in the summer. During the winter and spring

westerly winds predominated.

Temperature and salinity varied over a wide range of time and
space scales. In general temperature followed the typical annual cycle.
Vertical and offshore density gradients were strongest during the spring

(salinity, and summer (temperature).

Dissolved oxyger varied as a function of temperature with

lowest values in the sumrer.

The estuarine analysis indicated that there were relatively
few times during which the ebb tidal plume from Hampton Harbor could be
identified using salinity as a tracer given this distribution of sta-
tions. The thermal characteristics were not a good indicator as warm
water generated over Sunk Rocks could not be differentiated from water
warmed in Hampton Harbor. Definition of the spatial extent of the plume
is open to much interpretation because of the sampling space scale.
Recognizing the limitations encountered, the following observations can

be made:
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MONTHLY PERCENTAGE OF FLOMW TYPE

1973 1974 1975 1976 1977
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Appendix Figure 7.0-1. Distribution of monthly percentage of observed current flow types for

coastal waters off Hampton Beach, New Hampshire, from 1973 through 1977.
Seabrook 1978 Annual Hydroqraphic Report, 1979.



APPENDIX 7.0-2. SUMMARY ROSE DIAGRAMS

Rose diagrams of current meter and wind-station data are
grouped by lunar months or season. Lunar months begin with a day of
approximately mean predicted tides 1 or 2 days preceding new moon and
continue through first quarter, full moon, last quarter and end just
before the next new moon. Seasonal rose diagrams are based on three

lunar months taken together.

For each diagram the following are indicated:

(1) Mooring designation

(2) Meter number

(3) Approximate depth of the current-meter duct
(4) Number of cbservations

(5) Percentage of time period with data coverage

Within the center of each diagram, the percentage frequency
of current speeds of 0.04 kn or less is indicated; for wind, the per-
centage frequency of speeds of 0.0 kn is given. Actual rose diagrams
represent percentage frequency of direction in degrees true (referenced
to the direction toward which the current was flowing or the wind was
blowing) for various speed classes. The mean speed for each directicn

class is also indicated.
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Appendix Figure 7.0-2b.
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Seabrook Annual Hydrographic Report, 1978.
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Appendix Figure 7.0-2c. Summary rose diagrams of near-bottom currents at NAI Mooring I-4 lower
off Hampton Beach, New Hampshire for 1975 through 1978.
Seabrook Annual Hydrographic Report, 1978.
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Summary rose diagrams of wind data measured by NAI at Hampton Beach,

New Hampshire, from

1973 through 1978.

Seabrook Annual Hydrographic Report, 1978.
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Appendix Figure 7.0-3a. Hourly average sequential vector plots of current meter data,
wind data (both representing direction toward) and high and low
water tide heights for January 1978.
Seabrook Annual Hydrographic Report, 1978.
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Appendix Figure /.0-3b. Hourly average sequential vector plots of current meter data,
wind data (both representing direction toward) and high and low
water tide heights for February 1978.
Seabrook Annual Hydrographic Report, 1978.
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Appendix Figure 7.0-3c. Hourly average sequential vector plots of current meter data,
wind data (both representing direction toward) and nigh and low
water tide heights for March 1978.
Seabrook Annual Hydrographic Report, 1978.
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Hourly average sequential vector plots of current meter data,
wind data (both representing direction toward) and high and low
water tide heights for April 1978.

Seabrook Annual Hydrographic Report, 1978.

Appendix Figure 7.0-3d.
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Appendix Figure 7.0-3e. Hourly average sequential vector plots of current meter data,
wind data (both representing direction toward) and high and low
water tide heights for May 1978.
Seabrook Annual Hydrographic Report, 1978.
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Appendix Figure 7.0-3f. Hourly average sequential vector plots of current meter data,
wind data (both representing direction toward) and high and low
water tide heights for June 1978. Seabrook Annual Hydrographic
Report, 1978.
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Appendix Figure 7.0-3g. Hourly average sequential vector plots of current meter data,

wind data (both representing direction toward) and high and low
water tide heights for July 1978.

Seabrook Annual Hydrographic Report, 1978
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Hourly average sequential vector plots of current meter data,
wind data (boti, representing direction toward) and high and low
water tide heights for August 1978.

Seabrook Annual Hydrographic Report, 1978.

Appendix Figure 7.0-3h.
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Appendix Figure 7.0-31. Hourly average sequential vector plots of current meter data,

wind data (both representing direction toward) and high and low
water tide heights for September 1978.

Seabrook Annual Hydrographic Report, 1978.
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Appendix Figure 7.0-3j. Hourly average sequential vector plots cf current meter data,
wind data (both representing direction toward) and high and low
water tide heights for October 1978.
Seabrook Annual Hydrographic Report, 1978.
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Appendix Figure 7.0-31. Hourly average sequential vector plots of current meter data,
wind data (both representing direction toward) and high and low
water tide heights for December 1978.
Seabrook Annual Hydrographic Report, 1978.
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Upper and Lower during 1978. Seabrook Annual
Hydrographic Report, 1978
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Appendix Figure 7.0-7a. Temperature data ccllected at Mooring T-7 during 1978 and showing maximum
and minimum for all years, maximum and minimum mean and 1978 data.
Seabrook Annual Hydrographic Report, 1978.
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Appendix Figure 7.0-7b.

Temperature data collected at Mooring I1-4 upper during 1978 and showing
maximum and minimum for all years, maximum and minimum mean and 1978
data. Seabrook Annual Hydrographic Report, 1978.
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maximum and min,aum for all years, maximum and minimum mean and 1978
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Appendix Figure 7.0-7e.

Temperature data collected at Mooring D3 upper during 1978 and showing
maximum and minimum for all years, maximum and minimum mean and 1978
data. Seabrook Annual Hydrographic Report, 1978.
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