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ANNUAL SUMMARY REPORT
FOR 1977 YYDROGRAPHIC STUDIES
OFF HAMPTON BEACH, NEW HAMPSHIRE
TECHNICAL REPORT IX-1

1.0 INTRODUCTION

This report contains the results of the 1977 baseline hydro-
graphic and metecrological studies conducted as part of the ecclogical
monitoring program for Public Service Company of New Hampshire's (PSC)
Seabrook Station Project. Threse studies of the coasta! w~aters off
Hampcon Beach, New Hampshire, the estuarine waters of Hampton Harbor,
and the oceanic waters of the western Gulf of Maine characterize general
preoperaticnal hydrographic conditions. Seabrook Station will take in
coastal water from about 1 n mi (1.9 km) off Hampton Beach for once
through condenser cocling and release the heated water back into the

ocean through a submerged multiport diffuser, again about 1 n mi offshore.

The 1977 program was designed to: (1) document existing con-
ditions for the year; (2) characterize ambient conditions at particular
locations such as the diffuser site, the intake site, far-field reference
sites, the Sunk Rocks, and Hampton Harbor estuary; (3) help understand
important processes, such as stratification formation, estuarine-oceanic
interaction, wind stress effects, cocastal boundary layer dynamics,
upwelling and downwelling; and (4) compare results to historical informa-
tion. This yvear's program focused on continuous monitoring of water
currents, temperature, tides, and wind. Supplemental spatial surveys
delineated tidal and seasonal variations in lncal and :ragional distribu-
tions of water temperature, salinity, density and dissolved oxygen.

This report summarizes the latest findings and compares them with Nor-

mandeau Asscciates, Inc. (NAI) baseline hydrographic and sedimento-

logical studies listed in Figure 1.0-1 starting in September 1972 (NAI 1975a,

1976b, 1977a, 1977b, and 1979).
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MATERIALS AND METHODS

STUDY DESIGN

The overall design for the 1977 studies i.cuses on ~ontinuous
measurement of key parameters and monthly measurements of other para-
meters (Table 2.1-1). The key parameters (currents, wind, tide, and
water temperature) are those which: (1) exhibit greatest spatial and
seasonal variability, (2) describe the natural environment and dominant
oceanographic and meteorological processes, (3) describe existing condi-
tisns affecting local biota and (4) may be affected by plant operation.
These parameters must be measured continuously because they fluc*uiate so
rapidly. Sampling locations were selected as representative ~ .tical
sites where plant effects might be observed and where long-term histori-

cal information has been obtained.

In contrast, the other parameters such as salinity, densi Y
dissolved oxygen, and runcff fluctuate mor~ slowly and continuous data
are not as critical in order to characterize their seasonal variation.
The slack-water surveys: emphasize tidal variations; whereas plankton
cruises emphasize spatial variations and set the hydrographic framework

for biological events.

FIELD METHODS

Temporal Monitoring

Continucusly recording instruments mounted on taut moorings or
platforms were deployed toc monitor water currents, temperature, tide
elevation and local winds in the study area (Figure 2.2-1 and Table 2.2-

Configurations of surface following anu fixed subsurface moorings
described in detail in NAI (1977a). The three-point moored, surface

Oy systems minimized mooring watch circle and held instruments

at fixed depths below the instantaneous water surface throughout the




TABLE 2.1-1. OPERATIONAL DATES AND SAMPLING DEPTHS FOR 1977 NAI CURRENT METERS AND TEMPERATURE
MONITORS OFF HAMPTON BEACH, NEW HAMPSHIRE. SEABROOK 1977 AMNUAL HYDROGRAPHIC
REPORT, 1979.

. - ra— —1— . S

SENSOR DEPTHS BrLOW
INSTANTANEOUS SEA SURFACE

MOORING LOCATION WATER DEPTH DATES CURRENT TEMPERATURE
MOORING LATITUDE LONGITUDE AT MLN, OPERATIONAL , METERS MONITORS
DESIGNATION N W FT (M) 1977 FT (M) FT (M)
Reference Site
™7 295515 10°46"'46" 60,0 (18.3){ Jan 1 to Dec 31 2.7 £ 3.7 2.0 { 0.6)
S — S— el ————————————————————————————— et ettt p—— RE———
Diffuse. Site o
12 42°5 3°43" 70°47° 21" 60,0 (18. 3) Jan 1 to Sep 15 $.3 ( 1.6) 2.0 f 0.6)
L
10 Upperx 20.0 ( 6.1) ]123.0 ( 7.0)
Oftshore Intake Site
[-4 Upper 42°54' 20" 0°47'09" 55.0 (16.8) ] Jan 1 to Dec 31 S+2 ( 1.6) 2.2 ( 0.7)
- *
I-4 Lower 44.0 (13.4) |48.6 (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 11.0 ( 4.0)
Hampton Harbor Estuary
HH Upper 42°53'59" 7heq9 09" 4.0 ( 1.2) | Jan 1 to Dec 31 N/A 1.0 ( 0.3)
*
HH Lower 4.0 ¢ 1.2)

Hampton Beach State Parl!
Wind 42°53'58" 70°48' 46" Jan 1 to Dec 31 35.5 (10.8)+

Hampton Beach Marina
Tide 42°54' 08" 70°49 06" Jan 1 to Dec 31

-
Depths below mean low water (MLW)

*Heiqht above mean sea level
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tidal cycle as, for example, Moorings T-7, 12, and I-4 upper. The
subsurface moorings held instruments at depth, minimizing and absorbing
induced deflections from open ocean waves as, for example, Moorings 10

upper, lC lower and T4 lower,

Currents were measured with Bendix Model Q15 or Q15 (R)+ geo~
magnetic, bidirectional, ducted current sensors with 10-ft (3-m) direc-
tional vanes and Bendix Model 270 recorder/power supply units. The
Bendix system has an accuracy of 20.05 kn (£2.6 cm/sec) for speed and
$12° for direction (Tabie 2.2-1). The data from these current sensors
were recorded on dual channel Rustrak Model 291 DC recorders within the
Bendix Model 270 housing. Bulova Model TE-1l Accutron cycle timers were
installed in all recorders to provide time marks every 3 hrs on the
strip charts. Electrical power was supplied with l4-day rechargeable

battery packs. Instrument specifications are listed in Table 2.2-1.

Water temperatire was measured at selected sites with NAI
Model 1000 and 1001 Temperature Monitors ~nnsisting of Rustrak Model

2133 DC recorders with matc! ed Model 1332 thermistor probes (Table 2.2-

Tide elevation in the Hampton Harbor estuary was measured
continuously at the Hampton Beach Marina (Figure 2.2-1) using a Marsn-
McBirney Model 100 water-level gauge and a Rustrak Model 288 single-
channel, DC strip-chart recorder. The accuracy of this system was about
2.2 ft or 5.0 cm (Table 2.2-1). All mneasurements were referenced to
mean low water (MLW) from surveyed bench marks keyed to the U.S. Army

Corps of Engineers 1929 geodetic elevation datum.

One mooring (5 lower) used Q-16 current meters; these are identical
to Q-15's but lack a compass and must be mounted on a rigid bottom
structure.




Local wind speed and direction were measured continucusly from
a telephone pocle located in the Hampton Beach State Park using an R.M.
Younz Model 6405 Field Recording wind set. The accuracy of the unit

was about *1.0 kn (51.5 cm/sec) speed and *7° direction (Table 2.2-1).

Moorings were serviced by SCUBA divers every 2 weeks, depending
upon weather conditions. During each servicing period, detailed elec-
tronic tests were conducted on each in situ in: —uent to check its
functioning and to detect possible instrument failure before the data
were affected. Every three months, sensors and recorders were returned
to NAI's Engineering Department instrumentation laboratory for routine
maintenance, calibration, and repairs as necessary, in accordance with

NAI Technical Procedures Manuals and manufacturers' specifications.

The locations of all historical offshore buoy systems from

97

1977 are shown in Figure 2.2-1. The approximate latitude

L)
3
e
"
0
-
£
-

1
and longitude, water depth, sensor depths, and cperational dates for all
1977 moorings are summarized in Table 2.1-1. Data collection for earlier
years is summarized in Figure 1.0-1l. Operational performance for each

mooring is summarized in Appendix 7.1-1.

o
~
"~

Spatial Surveys

Monthly hydrographic surveys were conducted to measure seasonal

and tidal variations in the ambient oceanographic parameters at selected

i

stations in the coastal waters off Hampton Beach, and in the Hampton-
Seabrook estuary. These surveys were designed to examine typical monthly
conditions, and to alternate with each other for maximum data coverage

each month.

Slack-water surveys consisted of two sampling runs: one keyed

toc high-water slack and the other keyed to low-water slack. Each gener-
ally took about 1.5 to 2.0 hrs, centered around National Oceanic and
Atmospheric Administration - National Ocean Survey (NOAA-NOS) predicted




high water or low-water; a fast boat was used to minimize cruising time
for each run. At each sampling station (Figure 2.2-2), vertical pro-
files of temperature, conductivity and salinity were made with a Beckman
RS5-3 salinometer (see Table 2.2-1 for instrument specifications).
Sampling depths were: surface, 3.3 ft (1 m), 6.6 £t (2 m) and there~-
after every 6.6 ft (2 m) to bottom. Duplicate water samples from near
surface and near bottom were obtained at selected stations using Kemmerer
or Niskin wate- =-m '+ ., These samples were used for laboratory deter-
mination of di's.. .3 oxygen by azide modification of the Winkler
method (U.S. Fr sironmental Protection Agency, 1974), and of salinity
with a Beckman Model RS7C Induction Salinometer referenced to standard

seawater samples. Actual sampling dates were as follows:

1977: January 24, February 22 (low-water only due to
bad weather), March 30, April 27, May 23, June 13,
July 27, August 19, September 29. October 19,
November 16, and December 30.

Plankton cruises were conducted similarly, except without
regard for any specific tide stage. Both biological ar.d non-biological
stations (Figure 2.2-2) were generally done within the same day. Field
methods were the same as for slack-water surveys. Actual sampling dates

were as follows:
1977: January 3, February 8, March 21, April 13,

May 4, June 9, July 6, August 3, September 7,
October 4, November 1 and 2z, and December 15.

2.3 LABORATORY AND DATA PROCESSING METHODS

2.3.1 Temporal Monitoring Data

Current, temperature, tide elevation and wind data strip charts
were each handled in the same general manner (for detailed description

see NAI, 1977a). First each strip chart was checked for correct start
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and end times, agreement with field check measurements, possible instru-
ment malfunctions, and overall reliability. Then each strip chart was
time based using the known start and end times and the 3-hr time marks.
Next current and wind were reduced to 20-min visual averages of

speed and direction using standard conversion tables. The time and
height of each high and low water were also determined and entered onto
the current and wind data sheets. Finally, data were keypunched, listed

by computer, and checked for possible errors.

Temperature strip charts were digitized onto magnetic cassette
tapes using a Numonics Model 274-133 Electronic Graphics Calculator, a
Numonics Model 310 Interface and a Techtron Model 8400 Read/Write nit.
Then tapes were loaded onto NAI's IBM System 3 Model 12 computer for
listing and editing. Data were tabulated and hourly average values

punched onto cards.
Punched card data were processed by PSC's Engineering Depart-

ment computer staff, using a standard series of plot and tabulation

programs developed for their twin General Automation Model 18/30 computers.

-y Spatial Survey Data

First, field hydrographic data sheets from slack-water surveys
and plankton cruises were checked for accuracy and completeness. Dissolved
oxygen samples were processed in the laborator; using standard procedures
(EPA, 1974) and results entered onto the field sheets. These data were

keypunched and listed to check for accuracy and completeness.

Data were processed at PSC, using program "HYDS2" for the
following: (1) converts depths to both ft and m, regardless of which
were input; (2) transforms *emperature readings, based on instrument
correction factors derived from annual laboratory calibration (NAI,
1977¢c); (3) converts resulting temperatures to both C and F; (4) trans-

forms conductivity readings, based on instrument correction factors




derived from annual laboratory calibration (NAI, 1977¢): (5) calculates
1

inity from transformed temperature and conductivity; (6) calculates

£
®
3
n
o
'c
O
"

Y sigma~-t from corrected temperature and salinity, using the
Woods Hole Oceanographic Institution (WHOI) subroutine "SIGMA"™; and (7)
calculates the percent saturation of observed dissolved cxygen values
using the equation of Gilbert et al. (1968). F.nally, calculated

salinity values were compared to results of reference salinity measurements

(1]

3

obtained with the Beckman laboratory salinometer.

-

2.4 OTHER DATA
Air temperature data from U.S. Weather Bureau stations at

3

Portland, Maine and Boston, Massachusetts fc. 1973 through 1977 were
obtained from NOAA-Environmental Data Service (NOAA-EDS) summaries (1973
o 1977). From thic information, monthly means of daily maximum and

daily minimum temperatures were calculated.

s

O

Mean daily and monthly average runoff data for 1973 through

197¢ from the Merrimack River, the Piscatac.:a River basin, and the Saco

River basin were obtained from the U.S. <eclogical Survey (1973 to
1977). From this information, the approximaie runoff into the western
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3.0 RESULTS
3.1 CIRCULATION
A Tidal Conditions

During 1977 tide height was measured continuously at the
Hampton Beach Marina (location map, Figure 2.2-1) to determine actual
times and heights of high and low water in the study area and to document
pericds of abnormally high tides which frequently accompany major storms.
These tides are ¢ the mixed, semi-diurnal type with a small (1 to 2 ft
or 0.3 to 0.6 m) diurnal inequality which is most pronounced during
spring tides (Figure 3.1-1). 1In the summer months, the highest Spr ng
tides occur with the full moon, whereas in the winter months the highest
spring tides occur with the new moon. The NAI tide cobservations showed
close agreement wit}l, the NOAA-NOS tide table predictions for Hampton
Harbor (NOAA-NOS, 1977); time within 10 to 20 min and he 3ht within 0.1
to 0.2 ft. 1In ceneral, the mean tide range was about 8.3 ft (2.5 m).
Spring tides ranged as high as 12.5 ft (3.8 m), whereas neap tider

ranged as low as 6.0 £t (1.8 m).

The change in tide height (high or low water) and tida. current
direction generally occurs 15 to 30 min earlier offshore than inside
Hampton Harbor. Measurements of tide heights and times of high and low

H
water at the mouth of the estuary in August 1974 showed that recorded

5y

heights at the Hampton Beach Marina were as muc

wn

as 6 in (15.2 cm)

=

igher and occurred 3 to 10 min later (NAI, 1975a).

In the absence of meteorological forcing functions, tida.
forces dominate the crastal circulation. At such times current-meter
vectors demonstrate periodic changes in flow pattern such as ~lood-and
ebb-tidal reversals (generally on a 6- to 7-hr basis) or a variable weak
tidal flow with periodic shifts of speed and direction. Offshore tidal
currents tend toward rotary motion, with northward flood and southward

ebb along the coast. Mean speeds rarely exceed 0.1 to 0.2 kn (5.1 t»
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Weak tidal flow has a tendency toward periodic 180° reversals

in direct.vii. A 24-hr sequential-vector plot from July 2, 1977 illus~
trates this type of flow (Figur~ 3.1-2). This plot shc.  the observed
20-min average vectors of rurrent speed and direction . each current

meter for the day, referenced to Eastern standard Time (EST). Vectors

are plotted as direction toward whicn current was flowing.

Reversing flood- and ebb-tidal currents are strong, rhythmic
sinusoidal reversals of current direction (generally at 6- to 7-hr
intervals) uade up of a northward-flowing, flood-tidal current and a
southward-fiowing, ebb-tidal current. As the flows reverse, a short
period of "slack" currents fregquently occurs. Occasionally the currents
demonstrate a more rotary character with little speed loss as direction
changes. A 24-hr sequential-vector plot from August 3, 1977 illustrates
this type of flow (Figure 3.1-2). Tidal flows are usually more eviden*
during the summer months when winds are weaker and more variable.

During the autumn and winter months, storm influence is so great that

tidal effects are usually masked (see vector plots in Appendix 7.5).

3.1.2 Wind Effects

Winds play an important role in the movement of coastal waters
in the study area. As a general rule, local winds push near surface
waters downwind. Such influence first affects the topmost water, then
can gradually deepen as the winds persist. Because of New Hampshire's
geography and gently sloping sea-floor bathymetry, the greatest wind
influence is longshore when winds blow from the north-northeast (north-
easter storm) or from the scuth-southwest. When winds are blowing
seaward, near-surface waters are typically pushed offshore and a compen-
satory flow at depth moves landward. The strongest wind effects always
accompany northeast storms because of the large fetch across the Gulf
of Maine. During such storms, near-surface waters are oftan carried

southwestward at speeds of 1.0 kn (51.5 cm/sec) or more (NAI, 1975a).
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Annual wind variations over the period from December 20, 1976
through December 7, 1977 show considerable seasonal variation (Figure
3.1-3). During the winter months predominant winds (about 42 percent)
were from the west* at mean speeds of 10.7 kns (5.5 m/sec). ‘trong
winds from the southwest and northwest occurred about 13 to 18 percent
of the time. Strong winds from the east and northeast were the result
-f northeastern storms (mean speeds of 10.0 to 10.6 kns or 5.1 to 5.4
m/sec). In the spring, predominant winds were from the northwest and
west (about 24 percent), but strongest winds were from the northeast
(mean speed of 15.0 kns (7.7 m/sec). Summer winds were much calmer
(mean speeds of 4.9 to 7.9 kns or 2.5 to 4.1 m/sec) and predomi.ant
winds were from the southwest and west. In the fali, winds picked up
again with slightly higher mean speeds. Predominant winds were still
from the west and southwest, but strongest winds were from the northwest
and east (mean speeds of 15.0 and 12.7 kns or 7.7 to 6.5 m/sec, respec-

tively).

From the 1977 wind measurements, net monthly transport or dis-
placement (referenced toward where the wind was blowing) was decermined.
Results were resolved into onshore/cffshore or east/west components and
longshore or north/south components (Figure 3.1-4). The 1977 data show
a total domination of offshore winds, with peaks occurring in January %o
April, July, August and November - December. Greatest wind transport
was observed in January. The longshore componeits showed a more complex
pattern during 1977. Winter months showed northward drift, spring
months showed southward, summer months showed northward again, and fall

showed both types (Figure 3.1-4).

-
Note that rose diagrams show direction toward which
and current is flowing.
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of 1977. Seabrook 1977 Annual Hydrographic Report, 1979.
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Seasonal trends at Hampton Beach have been consistent from
year to year (Figure 7.2-1). West, northwest, and southwest winds have
been prevalent during the winter months. Spring has generally been a
transition period into the calmer, more variable winds of summer. Fall
winds have generally returned back to southwest and coast. Note that
strongest winds have usually been from the -nrtheast, in association

with northeastern storms.

Five years of summary wind data from January 24, 1973 through
January ., 1978 (Figure 3.1-5) illustrate that predominant winds (about
24 percent of the time) have been from the west at a mean speed of 8.1
kns (4.2 m/sec). Winds from the southwest and from the northwest each
occurred about 17 percent of the time, with mean speeds of 8.3 to 7.0
kr.s (4.3 and 3.6 m/sec) respectivel,. Highest mean speed (9.6 kn or 4.9
m/sec) has been from the northeast (in conjunction with northeaster
storms), but such winds are not prevalent {about 8.5 percent of the

time, Table 7.3-1).

Calculations of net monthly wind displacement or net drift
from 1973 through 1977 show that the offshore component (wind toward the
east) is prevalent (Figure 3.1-4). Greatest wind transpor* was observed
in the fall #nd winter months (up to 150 n mi or 278 kn per day in
February 1976 and January 1977). During the late spring of the first
three years of studies, there was a short period of onshore net trans-
pert, up to about 25 n mi or 6.3 km/day in June 1974; this pattern was

not ocbserved during 1976 and 1977.

The longshore or north/south transport components show a more
complex pattern (Figure 3.1-4). During the winter months, wind trans-
port has been generally southward (up toc 69 n mi or 127.8 km/day in
February 1973), except for February and March of 1976 when it was north-
ward. The spring and early summer months have generally shown a north-
ward component of longshore wind transport (up to 85 n mi or 157.5
km/day in May 1976). During the fall and early winter, conditions have

varied from year *o year. That is, 1973 showed southward transports (up

to 25 n mi or 46.3 km/day):1974 and 1976 showed northward transports (up
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Figure 3.1-5. Rose diagram showing percentage-frequency of wind (direction toward which wind was
blowing) measured by NAI at Hampton Beach, New Hampshire from January 24, 1973 to
January 5, 1978. Total possible 20-min observations for period = 130,470. Seabrook
1977 Annual Hydrographic Report, 1979,
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to 75 n mi or 139 km/day); and 1975 and 1977 showed both northward and

southward transports.

Mean wind stress data for 1973 threough 1975 have showed that
the strongest wind stresses generally cccur in the late winter to early
spring, with a secondary peak in the fall (NAI, 1977a). This pattern
corresponds closely to the onshore/offshore net drift pattern, wherein
the periods of strong wind stress seem to have a predominantly offshore

component (Figure 3.1-4).

3.1.3 Storm Conditions

During 1977, the region was subjected to a series of major
northeaster storms which caused periodic surges in coastal flows, large
waves and some beach erosion events (Figure 3.1-6). Numerous weaker
storms also occurred (Table 3.1-1). February, March and April were the
stormiest months, but at least one northeaster occurred every month of

the year.

3.1.4 Currents
3 4] Temporal Variations

3
Pt

emporal variations in loca urrents are primarily due to
4

"irculation features are often

[
N

tides and winds. The weaker tida
masked by stronger, more variable wind driven currents on a day-to-day

basis. Such flows may be drastically altered for weeks at a time with
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The most common type ¢ flow in waters seaward of the Outer
Sunk Rocks was transient or t \ flow, which comprised from 31.8 to
48.4 percent for 1373 to 1977 or " dut 41.2 percent overall (roughly one
half) of the 5~-year (1,802 4ay) study period from January 24, 1973 to
December 31, 1977 (Tabl 1.:-2 and Figure 3.1-7). The most frequent
flows of this type were weak tidal flows comprising from 11.9 to 27.0
percent for 1973 to 1977 or 21.2 percent overall. Reversing flood and
ebb-tidal currents made up the remaining 6.6 to 34.2 percent for 1973 te

1977 or 20.0 percent overall.

The steady-state flows toward the south and the north were
about equally distributed, being 25.5 to 35.5 percent or 30 0 percent
overall for the former and 20.0 to 40.6 percent or 28.8 percent overall
for the latter (Table 3.1-2 and Figure 3.1-7). The southerly flows,
which occurved roughly one fourth of the year, were generally the result
of northeasterly storms and occasional periods of north to northwesterly
winds. Such flows essentially masked out the tidal currents and fre-
quently persisted unabated for days at a time. Moderate southward flows
comprised about 15.2 to 29.5 percent for 1973 to 1977 or 21.7 percent
overall. Correspondingly, the northward flows generally occurred during
the remaining one-fourth of the vear in conjunction with strong south-
to-southwesterly winds or as possible seiching in the western Gulf of Maine
following storm surges. Moderate northward flows comprised about 15.5
to 35.9 percent or 24.2 percent overall whereas strong flows were ob-
served about 2.2 to 7.6 percent or 4.6 percent overall (Table 3.1-2).

As during previous years, transient {lows in 19277 were most
prevalent during summer months, when meteorological conditions tend to
be fairly stable (Figure 3.1-7). Northerly flows were less common than
during previous years, occurring mostly during spring and autumn months.

/

During 1977, the southerly flows occurred about equally during most
months of year, reflecting the periodic passage of eastward-moving low-

pressure systems and associated northeasterly wind events.




TABULATION OF CURRENT FLOW TYPES IN COASTAL WATERS SEAWARD
OF THE OUTER SUNK ROCKS OFF HAMPTON BEACH, NEW HAMPSHIRE,
FOR 1973 THROUGH 1976. SEABRUOK 1976 ANNUAL HYDROGRAPHIC
REPORT, 1979.
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During the winter months, winds and storms generally play a
domiaant role in coastal circulation in the waters off Hampton Beach,
New Hampshire and in the western Gulf of Maine. The current patterns
observed during the winter months of 1977 (lunar mon:hs December 20,
1276 to March 16, 1977; Figure 3.1-3) were quite similar to those
observed during the winters of 1973 through 1976 (NAI, l975a)? Dominant
winds were from the west at a mean speed of 10.7 kns. ‘iinds from the
northeast and east were also strong, with mean speeds of 10.6 kn (6.4
m/sec) and 10.0 kn (6.9 m/sec), respectively. This distribution was

similar to wintertime wind conditions of previous years (Figure 7.2-1).

During the spring months, storms generally continue to play an
important role in coastal circulation with the tides beginning to show
more of an influence, especially during periods of calm weather.
Dominant winds are still from the western guadrant, but stronger compo-
nents from the northeast ani scutheast observed (Figure 7.2-1 and PSC,
1973). During 1977 (lunar . -3 of March 28 to June 7, 1976; Figure
3.1-3) winds from the northwe: and west averaged 9.6 to 2.7 kns (4.9 to

.0 m/sec), while winds from the northeast averaged 15.0 kns (7.7

w

m/sec). Near-surface currents are generally toward the south and south-
west quadrants, « about the same mean speeds as equivalent flows during
the preceding winter months. Northeastward currents were nearly as
common as in the winter, but their mean speeds were greater (up to 0.33
kxn or 17.0 cm/sec). This bimodal pattern was primarily the result of
combined effects of northeasterly and southwesterly storm winds, which
pushed nearshore waters either southward or northward along the coast.
The annual peak in development of the southerly flow of the counter-
clockwise Gulf of Maine gyre also typically occw 3 during the late

spring (largely as a consequence of spring runoff). This phenomenon

el

reinforced the southward net drift of coastal waters at this time of
year. The influence of tides diring the calmer atmospheric periods
between storms was apparent froa the more equal flow distributions in

the various direction classes (for example Figure 7.2-2).

Note that rose diagrams represent direction toward which current was
flowing or wind was blowinj. See figure legends for additional
details.
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Storms begin to intensify during the autumn season, with domi-
nant winds generally from the northw:st and secondary components from
the northeast and southwest (Figure 7.2-1 and PSC, 1973). During the
autumn of 1977 (lunar months September 1l to December 7, 1977) both the
predominant and the strongest winds were from the west and southwest at
mean speeds of 8.4 to 9.1 kns (4.3 to 4.7 m/sec; Figure 3.1-3). Cur-
rents were somewhat different from those observed during other seasons,
apparently as a result of southwest winds and breakdown in the flow of

the Gulf of Maine gyre.

Daily (24-hr) net-drift data (longshore cor north-south compo-
nents' averaged over 3-day periods for ease in presentation) collected
from mid-depth current meters off Hampton Beach during 1973 through 1977
are summarized in Figure 3.1-8. Data from the summer season show typi-

al net drift rates of at least 1 to 2 n mi per day and numerous periods

)

f much greater net drift. Periods of large net drift are in apparent

O

response to storm effects.

Although conditions from year to year have varied slightly, a
general summertime pattern has been observed all 5 years. During both
June and July of all 5 years, predominant net drift was southward except

for about 4 to 5 days of northward drift. In August 1973 there was very

-
[

-
-

(84

le northwerd drift, in August 1974 about 5 to 6 days, and in August
S through 1977 about 10 to 12 days. During September 1973, 1376 and
1977, there was about 6 to 8 days of northward net drift, in 1974 about
21 days, and in 1975 abcat 27 days. These data show that periods of
relatively small net drift lasting several days at a time occur peri-
odically during the summer season. However, such gquiescent periods
alternate with periods of strong flow, lasting for days at a time and

resulting in large-scale net displacement of nearshore waters.

During the summer months, storms are less frequent and less

intense, enabling tidal effects to become more apparent. The wind

In calculating the longshore components of net drift, the directional
axis was rotated 10° east of north to approximate the orientation
cf the New Hampshire coastline.
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pattern also becomes gquite different, with most of the winds either from
the southwest, northwest or the southeast at relatively slow speeds
(Figure 7.2-1 and PSC, 1973). Typically, winds blow onshore during the
day and offshore at night under the influence of the thermal differ-
entizl between the land and the sea. During the summer months of 1977
{lunar months of June 14 to September 10, 1977; Figure 3.1-3), near-
surface flows were generally weak and variable in all directions,
reflecting increased tidal influence. Occasional summer storms caused
pulses of strong current. At this time of year, current speeds weaker
than 0.05 kn (2.6 cm/sec) occur more frequently. During periods of
tidal flow alternating between northward flood and southward ebb, there
was generally at least 2 to 3 n mi (4 to 6 km) per day of southward net
residval drift along the coast (as part of the counterclockwise Gulf of
Maine gvre). This tidal oscillation was evident from July 25 to 31,
1977 (Pigure 7.5-14). Nevertheless, note that strong winds can quickly
mas¥ the tidal influence, causing strong northward or southward flows

(Appendix 7.5).

3.1.4.2 Spatial Variations

Regional current flow patterns northward or southward along
rhe coast tend to be consistent from site to site for any particular
depth (Appendices 7.2 and 7.5). Because of wind influence, strongest

flows always occur closest to the surface.

Coastal flows at the diffuser site and the intake site, both
located about 1 n mi (2 km) off Hampton Beach (Figure 2.2-1) have shown
pronounced variations with season and with depth. Near-surface flows at
Moorings 12, I-4 upper, and T-7 have been generally strong, with a
pronounced bimodality toward the northeast and south. At Mooring 10
upper, located about mid-depth, currents have been somewhat weaker, but
overall patterns have been similar to Mooring 12. Near bottom at Moor-
ing 10 lower and I4 lower, flows have been quite weak, generally Loward
the southwest and west due to local topography and compensatory landward

flows.



The near-surface moorings showed strong currents toward both
the south and the north at mean speeds of up to 0.28 kn (14.4 cm/sec);
there wes relatively little onshore/offshore flow (Figure 3.1-3). Mid-
depth flows were weaker with mean speeds of 0.07 to 0.21 kn (3.6 to 10.8
cm/sec) and a higher percentage (29%) of calm flows below threshold of
the current meters. Near-bottom flows were even weaker with 31 percent

calm and mean speeds of 0.09 to .17 kn (4.6 to 8.7 cm/sec).

Flows showed considerable variation from one depth to another
at these moorings. At the near-surface moorings, northeasterly and
southerly flows were nearly balanced. Speeds were below 0.05 kn (2.6
cm/sec) about 10 to 14 percent of the summer. Mid-depth flows were more
southerly and about 19 percent of the speeds were below 0.05 kn (2.6
cm/sec). Near-bottom flcws were even weaker (34 percent below thresh-

olé) but showed predominantly southwestward transport.

Pronounced vertical shearing at both the diffuser site and the
intake site was observed. Both Mooring 10 upper and I-4 lower exhibited
weaker mean speeds and higher percentage calm (Figure 3.1-3); but pre-
dominant flows were still toward the south and southwest. Distinct
shearing along the halwcline and thermocline separating the upper and
lower portions of the water column was observed, especially during the
early autumn as the Gulf of Maine began to cool. Near-surface currents
tended to follow the wind, whereas flows at depth were more influenced
by the tides and occaéional compensatory flows during stormy periods.
Nea. -surface flows were more northward in autumn than during other
seasons, whereas mid-depth and near-bottom flows still showed predomi-

nantly southwestward transport (Figure 3.1-3).

Summary tabulations of all available data from selected moor-
ings document some interesting relationships (Appendix 7.3). The three
near-surface moorings (12, I-4 upper and T-7) all showed low percentages
of flows below current meter threshold (0.04 kn or 2.0 cm/gec), ranging

from 9.8 to 14.0 percent. Speeds of 0.05 t

O

0.2 kn (2.6 to 10.3 cm/=ec)

w

D

W
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ranged from 47.5 percent. Percentages from 0.21 to 0.4 kn (17.8




to 20.6 cm/sec) were 23.3 to 30.6 percent and from 0.41 to 0.6 xn (21.1

-

to 30.8 cm/sec) were 5.2 to 9.1 percent. The higher s

M

eeds were less
common - l.4 to 2.2 percent for 0.61 to 0.8 kn (31.4 to 41.1 cm/sec) and
0.6 to 1.0 percent for 0.81 to 1.0 kn (41.6 to 51.4 cm/sec). These
three moorings all showed the prevalence ¢f longshore flows; southward
filows ranged from 17.2 to 21.3 percent and northeastward flows ranged
from 18.8 to 24.3 percent. Flows toward the southwest and the north

were a little less common, ranging from 12.2 to 16.6 percent.

Mid-depth flows at Mooring 10 upper were somewhat weaker

0
o §
O
¥,
I
B
s
I

gher percentages of calm flows (18.6 percent) and 0.05 to 0.2
r speeds were

=
proportionately rarer with only 0.1 percent from 2.81 to 1.0 kn {41.7 to

lows toward the northeast and southwest were most common

Mocring I-4 lower showed near bottom flows of 35.0 percent

calm, 57.6 percent from 0.05 to 0.2 kn (2.6 to 10.3 cm/sec), 6.4 percent
from 0.21 to 0.4 kn (10.8 to 20.6 cm/sec), and 1.0 percent from 0.41 to

0.8 kn (21.1 to 41.1 cm/sec). 1In only 4 instances were speeds higher

than those observed (Table 7.3-5). Flows were predominantly toward the

o

southwest (29.8 percent) and the south (18.6 percent), with a secondary

northward peak (15.5 percent). This pattern appeared to be due to
effects of local bottom topography and compensatory landward flows

- 3

similar to the trajectory data from sea-bed drifters (NAI, 1975a and
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coastal waters during the summer and cooling them during the winter.




Air temperature data from the closest U.S. Weather Bureau stations at
Boston, mossachusetts and Portland, Maine bracket local conditions in
the Hampton Beach area. Monthly means of the daily maximum and minimum
air temperatures from these stations for 1977 obtained from NOAA-EDS
show that July was the warmest month and January was the coldest (Figure
3.2-1). At Boston the monthly mean of the daily maxima was 84 F (28.9
July whereas the monthly mean of the daily minima was 17 F (-8.3
January; at Portland corvesponding values were 79.5 F (26.4 C) and

(=15.6 C). Monthly differences between stations were consistent

during the year (Figure 3.2-1).

Total monthly heating and cooling degree days (based on 60F or
1.5 C) f£rom Boston and Portland in 1977 were determined from NOAA-EDS
(1977). These data showed a winter peak of 1280 heating degree days in
January and a summer peak of 310 cooling degree days in July (Tigure

3.2=1).

Seasonal patterns have varied somewhat from year to year for
each staticn (Figure 3.2-1). For example in the summertime at Boston,
375 appears to have been the warmest summer with a mean of daily maxima
85 F (29.4 C) and a mean of Aaily minima of 68 F (20 C) in July.
Peak temperatures other years occurred in June (1976), July (1973, 1975
d 1977), and August (1974). To the north at Portland, the warmest
summer appears to have been 1973 with a mean of daily maxima of 80 F
(26.7 C) and a mean of daily minima o F (16.7 C) in July. Peak
temperatures other years occurred in June (1976) and July (1973, 1974,
1975, and 1977). The most anomalous year was 1976 when peak minimum

values occurred in June and peak minimum vaiues occurred in August.

Wintertime temperature patterns have been more consistent. At
- both Portland and Boston, January 1977 was the coldest month. Monthly
means of daily minima were 4 ] E C) , respect-
ively; whereas daily maxima were
espectively. The unusually cold winter

southward flow of the cold Peclar Con




== I

-,

adalt 1 11 %14

BOSTON MINIMUM
ITrrTﬁrllﬂll
. A W) J 0 N D

" A S

1974

nrer
AL

S
iNL UEGOKREL

TTL
-

CA
gl !
AVE
URito

Figure 3.2-1. Monthly mean of daily maximun and minimum air temperatures, and
heating and cooling degree days measured at U.S. Weather Dureau
stations at Boston, Mass., and Portland, Maine fram 1973 through
1977. Seabrook 1977 Annual Hydrographic Report, 1979.
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northwest Canada deep into the U.S. mid-section and then spreading
across the eastern two-thirds of the country. This pattern resulted in
racord low temperatures in much cf New England and the rest of the
Naticn. For all the other years under discussion, February was con-

sistently the ccldest month (Figure 3.2-1).

Comparing the two stations during the summer months, the
monthly means of the daily maxima at Boston were 1 to 6 F (0.6 to 3.3 C)
warmer than those at Portland, whereas the monthly means of the daily
minima were up to 10 F (5.5 C) warmer. During the winter months Boston's
monthly means of the daily maxima were up to 8 F (4.4 C) warmer than

Portland's; the minima were up to 13 F (7.2 C) warmer (Figure 3.2-1).
g

Total monthly heating and cooling degree days (based on 60 F
or 15.5 C) for Boston and Portland show that the highest total degree
days have occurred during January of all five years; 1977 has been the
coldest winter (Figure 3.2-1). The pattern of cooling degree days has
been somewhat variable, with peak cooling degree days having occurred
during June of 1976; July of 1974, 1975 and 1977 (Boston) and August

P

1273 and 1977 (Portland).

- B Water Temperature

Water temperature and associated thermal stratification are
controlled primarily by air temperature and solar insolation. Local
temperature stratification can be strongly affected by winds, coastal
currents, precipitation, estuarine discharge, vertical mixing, upwelling

and downwelling.

ikl ) Temporal Variations

Variations in hourly average temperatures document the dynamic

nature of these waters. Ambient daily variability within the Hampton
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Harbor estuary has ranged from 3.0 to more than 12.0 F (1.7 to 6.7 C) in
the winter; and from 5.0 to more than 12.0 F (2.8 to 6.7 C) ir the
summer. Examples of typical summertime and wintertime conditions are
illustrated in Figure 3.2-2. Lowest temperatures eath day occur near
high tide, whereas highest temperatures typically occur around low tide,
under the influence of the ebbing tide. Typical mid-summer data from
offshore moorings, moorings in the Rocks area, and moorings in the
Hampton Harbor estuary show changes of at least 2 to 6 F (1.1 to 3.3 C)
within 1 hr, 5 to 12 F (2.8 to 6.7 C) within a tidal cycle (12.8 hr) and

5 to 13 F (2.8 to 7.2 C) over a day.

These waters also show pronounced seasonal and annual varia-
bility. Mean monthly near-surface temperatures from selected moorings
during 1977 showed that lowest temperatures occurred in February, typi-
cally lagging about 30 days behind the coldest air temperatures (Figures
3.2-1 and 3.2-3). During April, May and June, temperatures rose rapidly
with highest temperatures generally being reached during August. During
late September and early October, temperatures began to decrease.

*
Overall summary data are presented in Appendix 7.4.

Temperature measurements from the monthly slack water surveys
provide an additional framework for the continuous data observations.
Measuremen.s made at Mooring 12 during 1977 for near surface and near
bottom at both high and low water showed that late January was the
coldest part of the year (note: no high water survey in February) and
that peak temperatures occurred in August and September (Figure 3.2-4).
No distinct pattern of temperature differences between high water and
low water was evident. However, surveys did show a tendency for colder
near-surface temperatures tc occur at low water during the winter months

(November~February). It appears that on the flooding tide during the

These figures summarize the overall monthly means of the daily maxima
and daily minima and indicate the maximum and minimum temperatures
ever observed during each month of any year. Mean monthly tempera-
tures for 1977 are also shown.
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winter, near-surface waters tend to become warmer and during the summer
they tend to become cclder, as wuter from offshore displaces water
closer to shore. Near-bottom waters showed less variability (Figure

3.2-4).

Mean monthly temperature profiles from high-water slack for
all of the offshore stations during 1977 are shown in Figure 3.2-5. The
annual «ycle begins in November with vertically homogeneous temperatures
averagiag about 50 F (1% C). 1In the early win‘er, temperatures dropped
sharply with coldest values during late February (as observed at the
continuous temperature monitoring stations) about 30 days behind the

minimum atmospheric temperature observed during the year.

Starting with isothermal conditions in January and February,
t 22 water column showed a graduval warming trend as the spring season
progressed (Tigure 3.2-5). By May and June, the development of the
seasonal thermocline was well aloeng., By mid-summer the coastal waters
showed a strong thermal stratification with a variation of up to 5 C
between near-surface and near-bottom depths. Maximum near-surface
temperatures occurred during August, lagging about 30 days behind the
ma:‘imum atmospheric temperatures observed during the year. During
September and early October, the stratification broke down rapidly and

temperatures became isothermal.

Summary plots of the monthly mean of the daily mean and standard
deviation of near surface temperatures (Moorings 12 and I-4 upper) and
near bottom temperatures (Moorings 10 lower and I-4 lower) from April
1273 through December 1977 show consistent trends from year to year
(Figure 3.2-6). Highest temperatures occurred during September 1973 and
lowest temperatures occurred during February 1977. During 1975, peak
temperatures at both near surface and near bottom were observed in
August, whereas during other years near-bottom temperatures tended to
lag 1 to 2 months behind (such as in 1974). Mean annual near-surface

*
water temperatures have remained fairly constant over this period:

.
Average of mean monthly values weighted by the number of days for which
data were actuallvy acgquired.

-
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51.5 ¥ or 10.8 C for 1973 (incomplete year as data began in early April),
48.5 F or 9.2 C for both 1974 and 1975, and 49.4 F or 9.7 C for 1976.

The record cold winter of 1977 lowered the mean down to 45.8 P or 7.7 C
(Figure 3.2-6).

Near-surface data from Mooring B upper, located west of the
Outer Sunk Rocks, showed daily ranges of from 2.0 to more than 12.0 F
(1.1 to 6.7 C) in the summer and 1.0 to 5.9 F (0.6 to 3.3 C) in the
winter. Plots of typical summertime and wintertime data are shown in
Figure 3.2-2. Mean monthly of daily mean near-surface measurements from
Mocring B upper showed lowest values in February 1977 and peak values in
August 1976 (Figure 3.2-7).

Near-bottom temperatures at Mooring B lower closely followed
near surface temperatures (Figure 3.2-7). Wintertime temperatures
averaged about 1.0 F (0.6 C) warmer on the bottom than near the surface,
whereas summertime temperatures averaged about 3.0 F (1.7 C) colder on

the bottom. Autumn temperatures were essentially isothermal.

The waters of the Hampton Harbor estuary show the most temp-
oral variation of any location in the study area. Mean month.y near-
surface measurements from Mooring HY upper showed lowest values in
February 1977 and highest values in August 1976 (Figure 3.2-8). Note
that temperatures at this mooring were lower than at all other near
surface moorings during the winter months but warmer than at all the
others during the summertime. Near-bottom measurements from Mooring HH
lower closely parallel those frca Mooring HH upper because estuarine
waters are verticallv well mixed most of t.e year. At the wintertime
extreme, near-surface waters average about 0.3 F (0.2 C) colder than
near bottom, whereas in the summer they average about 0.7 F (0.4 C)
warmer than near bottom (Figure 3.2-8). Observed temperatures have

ranged from a low of 27.0 F (-2.8 C) to a high of 72.5 F (22.5 C).
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3.2.2.2 Spatial Variations

Near-surface temperature measurements obtained from slack-
water surveys and plankton cruises further document the dynamic nature
of these waters. Data from the former highlight the variability between
tidal cycles, whereas the latter emphasizes the variability along the

coast from Rye Harbor southward to the Merrimack River.

Selected surveys since 1976 illustrate the variability of
near-surface waters over a typical year. The plankton cruise of January
3, 1977 (Figure 3.2-9) showed homogeneous temperature near shore (37.1
to 37.9 F or 2.8 to 3.3 C) and slightly warmer temperatures offshore
(38.4 to 39.6 F or 3.6 to 4.2 C). In the spring estuarine and offshore
waters gradually warm up. The plankton cruise of May 4, 1977 (Figure
3.2-10) showed warm water off the Merrimack River (49.7 F or 9.8 C) and
scmewhat colder waters off Hampton Beach. The slack-water survey of May
23, 1977 illustrates how variable estuarine and offshore waters can be
(Figure 3.2-11). Harbor waters ranged from 49.8 to 53.0 F (9.9 to 11.7
C) at high water and from 54.0 to 62.6 F (12.2 to 17.0 C) at low water.
Offshore temperatures were much leus variable, the temperature differences
ranging about 1.4 to 4.7 F (0.8 to 2.6 C) over the tidal cycle. Mid-
summer data from August 1%, 1977 (Figure 3.2-12) showed comparable
variability and the influence of the ebb tidal prism discharging south
of the Sunk Rocks. By the late summer plankton cruise of September 7,
1977 (Figure 3.2-13) peak seasonal temperatures had been attained, but
there was a tendency for slightly cooler conditions along the coast
(possibly due to vertical mixing and wave effects). Near-surface waters
cooled down during the fall and by early winter (slack water survey of
Decemier 30, 1977; Figure 3.2-14) estuarine waters were averaging about

5 to 8 F (2.8 to 4.4 C) colder than offshore.

Continucus temperature data from offshore moorings show little
horizontal variation among near-surface moorings, there is vertical
variations with temperature getting progressively colder at depth (Figures

3.2-15 and 16; Appendix 7.4). For example, summary data from Mooring 12
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Figure 3.2-11. Surface water temperatures (F) in Hampton Harbor estuary and adjacent coastal waters
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from November 9, 1973 through September 14, 1977 (Figure 7.4-1) show
that lowest temperatures occur in February, but February 1977 was much
colder than average. August was the warmest month. Data from Moorings

I-4 upper and T-7 showed very similar patterns (Figure 7.4-4 and 7.4-6).

Mooring B upper which was closer to shore and subject to
greater estuarinc influence showed similar wintertime temperatures but
warmer temperatures ia September t! e offshore locations (Figure
7.4-7). Mooring B lower showed l..:l: vertical variation during the
winter, but was about 2 to 4 F (1.1 to 2.2 C) colder in summer (Figure

7.4-8).

Mooring HH uvpper had the warmest temperatures of all during
the summer and coldest during the winter (Figure 7.4-9). Near bottom
temperatures (Mooring HH lower) were about the same as near surface in

the winter but slightly colder by 1 to 2 F (0.6 to 1.1 C) in the

s rer (Figure 7.4-10).

3.3 RUNOFF AND SALINIT

33, 1 Precipitation and Runoff

Precipitation (ra.n or snow) and subsequent runoff or dis-
charge into local rivers and estuaries greatly affect salinities of
coastal waters in the western Gulf of Maine (Graham, 1970b and NAI,
1979). For the region from Cape Ann, Massachusetts northward to Cape
Elizabeth, Maine, about 90 percent of the drainage basin is comprised of
the Merrimack River, Piscataqua River and Saco River systems. 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 for 1977 (Figure 3.3-1). These data show

a close relationship to NAI's mean near-surface and mean near-bottom
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-
salinities observed during each hydrographic cruise over the same

period.

During 1977 peak discharge, which occurred in March and April
caused a dramatic lowering of salinities with near surface values down
to 27.2 °/oo and near bottom values down to 31.3 o/oo. The freshening
appeared to lag about 2 weeks behind the peak runoff (Figure 3.3-1).
Highest salinities occurred in January and February (33.5 to 34.4 o/oo).
From June through December, salinities remained fairly consistent when

near surface averaged about 31.5 o/oo and near bottom about 32.5 o/oo.

3.3.2 Salinity

3.3.2.1 Temporal Variations

Near surface and near bottom measurements made at Mooring 12
during 1977 for both high and low water show a gradual rise through the
year (Figur- 3.3-2). The winter and spring data showed considerable
variability. From June through December, salinities became less vari-
able and rose from around 31.0 o,/oo up to about 32.0 o/oo. Lowest mean
near surface values were about 28.0 o/oo in late March. Near bottom
salinities were slightly higher and much less variable. In general,
lowest salinities were observed at low water, reflecting the influence

from estuary discharge.

Mean monthly salinity profiles from high-water slack for all
of the offshore stations during 1977 are shown in Figure 3.3-3. 1In
January with a mean salinity of around 33.5 o,/oc was observed. During
March surface salinities dropped to 28.9 o/oo, as a pronounced halocline
resulted from spring run-off into the western Gulf of Maine. During the
summer months, salinities increased again and the halocline was less

evident. In September, October and November, increased runoff reestablished

*
Mean of all available data from each given day including both high water

and low water measurements from slack-water surveys.
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Figure 3.3-2. Monthly salinity observations (ﬂ/m)) at the diffuser site (Mooring 12) for near-surface
and near-bottom waters from 1977 slack-water surveys (both low water, LW and high water,
HW). (No high water data in February due to weather problems). Seabrook 1977 Annual
Hydrographic Report, 1979.
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a slight halocline, showing surface-to-bottom variations of up to 0.5 0/oo
(Figure 3.3-3). 1In the late fall, the onset of more intense winter storms
(in the absence of the seasonal thermocline and decreased runoff) brought

inc.eased vertical mixing and return to the more uniform conditions of

December (which averaged 32.7 o/oo.

3.3.2.2 Spatial Variations

Near-surface salinity measurements obtained from slack-water
surveys and plankton cruises further document the dynamic nature of these
waters Salinity data from the slack-water surveys emphasize the varia-
bility between tidal cycles, whereas the plankton cruise data highlight
the variability along the ccast from Rye Harbor southward to the

Merrimack River.

Selected surveys from 1977 illustrate the variability of near-
surface waters over a typical year. The early spring plankton cruise of
April 13, 1977 (Figure 3.3-4) showed the regional effect from the Merrimack
River (17.1 o/oo near the mouth). Some freshened water was apparently
transported northward but conditions off Hampton Beach were c aite uniform
(30.5 to 30.80/00). Similarly the siack-water survey of April 27, 1977 shows
a dramatic lowering of ebb-tidal salinities (down to 18.9 o/oo) and discharge
of freshened water offshore (Figure 3.3-5). By mid summer salinities in-
crease again and show little tidal variation (Figure 3.3-6). A rainy
period in early September sharply reduced estuarine salinities again off
the mouth of the Merrimack (down to 27.4 O/oo; Figure 3.3-7). The slack=-
water survey of December 30, 1977 showed reduced salinities from the De-
cember 15, 1977 plankton cruise (Figure 3.3-8) in the estuary resulting

from local runoff (Figure 3.3-9).

The slack water surveys documentedé salinity variations of as
; o . S , .
much as 10.8 /oo at one station within the 2stuary over a single tidal

59 - : ; o,
cycle (April 27, 1977); more typical variations were 2.0 to 4.0 /foo

8}

etween tidal cycles. Monthly plankton cruise data showed lowest salini-
ties were generally in Hampton Harbor or off the mouth of the Merrimack

= . = g e S
River estuary (down to 17.1 /oo on April 13, 1977).

l
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Figure 3.3-5. Surface salinities (0/00) in Hampton Harbor estuary and adjacent coastal waters on
April 27, 1977, from slack-water survey at high water (left) and low water (right).

Seabrook 1977 Annual Hydrographic Report, 1979.
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Surface salinities (0/00) in Hampton Harbor estuary and adjacent coastal waters on
August 19, 1977, from slack-water survey at high water (left) and low water (right).
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(right).

Surface salinities (”/no) in Hampton Harbor estuary and adjacent coastal waters
on December 30, 1977, from slack-water survey at high water (left) and low water

Seabrook 1977 Annual Hydrographic Report, 1979.




- S B Density

Density or sigma-t measurements from slackwater surve: and
plankton cruises provide additional framework for the data discussed in
preceding sections. Measurements made at Mooring 12 during 1977 for
near surfane and near bottom at high water and at low water are pre-
sented in Figure 3.3-10. Near-surface waters showed considerable
variability, ranging from 22.1 in Jate March to 26.9 in January. Near-
bottom waters ranged from about 24.0 to 27.0; they followed a trend
similar to the near-surface waters. Both showed a gradual rise from

june, through December.

D"SSOLVED OXYGEN

The monthly slack water surveys and plankton clLuises have
documented dissolved oxygen conditions in coastal waters. Measurements
made at Mooring 12 duri 1977 for near surface and near bottom at both

low water are n igure 3.4-1. Highest values were

the 1 ter and early spring (about 10.5 to 1l1.3
lowest values occurred during the late summer (down to
No consistent relaticonship was observed between
or water depth. During the winter and spring, it was essen-
homogeneous horizontally with vertical gradient. Near-surface

waters had highe ncentrations than near bottom during the summer.

During the winter
35 percent tc aroun
In the summer near-surface waters were highlv supersaturated
near-bottom waters were generally below satura-
saturations occurred in the fall and
No consistent variation betweer tidal
lower at depth

similar
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Figure 3.3-10. Monthly density of cigma-t observations at the diffuser site (Mooring 12) for near-
surface and near-bottom waters from 1977 slack-water surveys (both low water, LW and
high water, HW). (No high water data in February due to weather problems). Seabrook
1977 Annual Hydrographic Report, 1979.
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4.0 DISCUSSINN

4.1 TEMPORAL VARIATIONS IN WATER M3SS DYNAMICS

The coastal waters off Hampton Beach and in the western Gulf
of Maine, out to at least 9 n mi (17 km) offsYore, undergo an annuval
cycle which is representative of the natural variability of temperate
coastal seas, caused by factors such as: tides, winds, solar radiation,
waves, storms, regional circulation patterns, rainfall, evaporation, and
estuarine exchange. The Gulf of Maine waters can be grcuped into four
water masses: surface (MSW), intermediate (MIW), bottom (MBW) and
Georges Bank (GBW), based on Hopkins and Garfield (1978). The Seabrook

study area is primarily within the MSW mass (NAI, 1979).

In the portion of the MSW which NAI has been studying, the
ut is either mixed with salt water in estuaries before it
reaches the Gulf nf Maine proper or falls as rain across the Gulf. The

galinity of the nstuarine input viries considerably, depending primarily

[

pon the size of the drainage basin. The largest source of freshwater
runcff in this portion of the western Gulf of Maine is the Merrimack
River (Manchar-Maharaj and Beardsley, 1973). Other sources include the
Great Bay System (including the Piscataqua KRiver), the Hampton Harbor
estuary, Parker River estuary and Essex River estuary. These estuaries

typically release freshened waters, causing a well-defined coastal

B4

F

ocline during much of the year. As these waters are transported

(-

a

offshore, they become diluted with higher salinity waterrs

Seasonal variations ir nearshore water temperatures are pri-
marily the result of air-sea heat transfer and circulation patterns.
The circulation affects temperature by: (1) lateral displacement of
water masses and (2) vertical moticn such as upwelling or turbulent

mixing by storms and waves (Sverdrup et al., 1942 and Smith, 1973).



This annual cycle is primarily manifested in the ambient
variations in temperature and salinity which may be used to subdivide
MSW into six distinct water masses over the course of the year. This
cycle, documented by the NAI hydrographic data from 1972 through 1975,
consists of the following: December Water Mass, Winter Water Mass,
ansitional Water Mass, Summer Surface Water Mass, Bottom Water

Fall Transiticnal Water Mass (Figure 4.1-1). Over the year

=
[
w
wn
2
2 "

hydrographic and meteorological factors vary in a

During January, February and March, storms are frequent with
strong winds and coastal currents. Ailr and water temperatures drop down
iimal leveis and runcff is generally low. Surface temperatures are
sometimes colder than near bottom. Salinity, density and dissolved
oxygen are all quite high. Because of strong vertical mixing, each

parameter tends to be fairly homogenecus from surface tc bottom.

During April and May, conditions begin a rapid series of
changes. Storms become less frequent and winds weaken. Coastal cur-
1f of

rents show a strong southward drift as the counterclockwise Gu

well established. Air and water temperatures grad-
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uvally rise and the seasonal thermocline beging to develop. Maximal

)
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v
[

annual runoff gene ly occurs, resultir ; in a sharp drop in near sur-
face salinity with creation of a strong seasonal halocline and pycno-
line. Dissolved oxygen concentrations drop but waters become super-

saturated as temperatures increase and biological activity intensifies.



TABLE 4.1-1. SEASONAL CHARACTERISTICS AND VARIABILI¢Y OF SELECTED OCEANOGRAPHIC AND METEOROLOGICAL
PARAMETERS, WESTERN GULF OF MAINE. SEABROOK 1977 ANNUAL HYDROGRAPHIC REPORT, 1979.

AlR PRECIPITATION WATER DISSOLVED
SEASON WIND TEMPERATURE AND RUNOF ¥  TORMS CURRENTS TEMPERATURE SALINITY DENSETY OXYGEN
Winter Strony Minimum values] Monthly aver Cry Common; Generally Minimum values erally General ly Very high;
(January, winds, jpre TS ¢ Janu age precipl oCCcur every Itrong, storm occeur; Felbau i yeanc in pnopycnael Lypical
February, fominant ary or Febru- tation | i I to Wk domination; ary generally salinity; typi typroal valu value 1s
and March) from the ary generally to 4.2 ing N comn jun flows se' "h the coldest cal aear-sar- 3 TR 10.0 o 115
wast (about t he oldest runof f ger tion with ward about 40 month; water face values fama t ™/l gen
12 percent), | month; typi erally low passing low prrcent of the column gener are 1.1 o erally 90
northwest cal monthly unless pressure time (in asuo ally isotherm 32.7 Ofomin; SRR to 100
{about 18 average tem weather As sy st ems; cration with al Face near - bhot tom percoent
percent) , peratures warm; typi northeast northeasters); SO b f M are 312.0 wo sty atand .
and south Tanuvary 23¥ cal regronal ers are northward about slightly cold 13.5 ©/on.
west (about (-5C) Februa- monthly st Ve ' peroent er than near
13 percent); woe 2M4F (-° total 4di tidal domina bottom; typt
strong winds ), March charye about fed about 32 cal values fox
sl from 2F (0 ) 442,90 both near sur
rthwest fr'/mo., face and near
and cast bottom ) 6.0 'l
to 41.5 F | v
o %.3 C)
pring Weaker winds; ratmally in Monthly aver Less common sounthward Rapid near swue Hegional run Salinity High then
(Apral prodominant ly rease; typi e precipita- fand less in flows fairly face warming off creates itratification droy harply;
and May) from the 1l monthl tion i 2.8 to tense thar strong (about leading to SLYOmM Season Creates dis typical
northwest and] average tem 1.6 in; maxi W inter 16 percent deve Lopment al halocline; tinct seasonal values begin
west (bot! perature i mum annual run as Gulf ot of seasonal typical near pycnocline; at 10,0 ro
about 24 per441 ¥ (6.1 O) off generally Maine Gyre thermocl ine; surface values typical near 11.0 mg/),
ent); stron-jin April becomes well typical near 7.7 tos surface values decrease to
jest winds 4t Lo ) estahl ished; wirface values 1.0 Voo; tear 23 to 25; 2.0 to 10.0
from north in May flows north 19 to S1 F O Eom 9.9 t near bot tom ) gener
aut 11 scharae ward abour 22 (3.9 to 10.6 O) 32.2 %200 24.5 to 26 ally satura
about 622,001 percent ; tidal near bot tom ted to
fr' /mo. anout 42 percent 19 to 43 F slightly su
maximum ob (3.9 o 6.1 ) persaturated
werved duar {about W o
g tindy il preeroent )
period is
| '_'1
ft'/mo,
April 1973)




TABLE 4.1-1.

(Continued)

PRECIPITATION
AND RUNOT §

CURRENT

WATER
TEMPERATURE

DISSOLVED
OXYGEN

Monthly a
precipitation
to 3.4
in; minimgm
mnual runoft
jenceralily
Qeours; typi
al ressional
monthly total

1 soharae

wnerally
fairly w

minimal storm
inf luence;

]

Ommon bt

WOCn wWars
NDOAE - SO

face wind

driven layer
and cold near
bot tom layer;
flows tidal

deminated
({about 58
percent) ;
wuthward

about 29

cent ; north

ward about

percent

Maximmm values
i Agust

rally the
t month;

al thermool fne
preseat; typs
cal near sur
face values
51 ro &9

(11.7 to 20.60)

near bot tom
41 o 53 F
6.7 to L1 W)

Near
value

wrally

L T
thas

Lot tom;

typical

T angs

to 1

Geat
et

peroent) ;
Lot Lo

2t

Monthly average

pPrecvipitation
1.0-4.% N

typical reglional

monthly
dischar
1.3,

Froegquency
of north
castexs

jradually

Ancrea

Gencral ly
weak; in
Crean i ng

torm in

fluence and
voertical mix
bied; fFlows
about 319 per
cent north
ward; about

I percent

Ui hweard

Rapid coolis

svascnal thex
mocline broken
dawn by aunt amn
storms; water
Glumn  beoome
isothermal ;
typical near
surface value

it aF
{10.6 t 17,
near bottom
4 to SILF

(7.8 ¢ ¢

1

sl

TR |

el
at




P o e
BN R O N N SR S R N N W N S M E TR S Sm e

TABLE 4.1-1. (Continued)

r -— — e S e L e - —
Wi 17 11 /] 1 [
J L ATION WATER ) i vil
i A N WiN [t MPERATURE AND RUNOFF ORMS { F MPERATURE Al INITY LA SRR GXYLENR
e —— ————————————— et ———— e
% 1 1 t e 1 ' ' 1 Y I rea ] L e tr Jeu Te fer t onerall noral s
v w lecrea ' ' i redq y ' [ i thermal tical P ut vert '
N hom ' i X ftea tat i ter an = i1t Jene typt " !
1 { X 14 ! 1.6 in Lt f re Lypi ! v near ut sl by i typical ! '
biere i L il typloa ' anter l w i \ g i fa s 3 e ') |
wost  (bot t Ve jronal ” rost } soctliand 1 N i fowst =
1 VP ' . hly total -
' ' ) | out 48 pex near T ttow
bl . ‘ ATY ent ; wouth . LI L 4
tr j ey 39¢ thout ward about 2% e { ") ‘
t 15t p "cam pervent 3 tidal ral
vinds s . ') stout 27 pex ; e
I et
L ’ o — TSNS TS U — S— " SEEE—— - — — —_— —




4.1.3 Summer

During June, July and August storms are rare and winds light
and variable. Air and water temperatures attain maximum values with
a strong seasonal thermocline, whereas precipitation and runcff are
typically at minimal levels. Tidal currents are usually pred
but shearing between the warm near surface layer and the cold near
bottom layer is often pronounced. Salinities are typically isochaline
because of the weak runoff, but a strong density pynocline is evident.

solved oxygen levels are moderate with supersaturation near the sur-

O
ot
n

face and undersaturation near the bottom.

During September and October storms occur more frequently and

wn

1ydrographic conditions change dramatically. tronger winds and cur-
rents increase the vertical mixing and the seasonal thermocline rapidly
breaks down, often within a week or less. Air and water temperature

second seasonal halo-
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c.ine and pycnoline is created, but it is not as pronounced as the

spring one (Figure 4.1-1). Dissolved oxygen values drop down to lowest

4.1.5 Early Winter
During November and December winds and storms become more in-
tense. Air temperature continues to drop and coastal waters become iso-

haline, forming the December Water Mass (Figure 4.l1-1). Currents become

wind and storm dominated. With the weak regional runoff, vertical

- % - P - - . = -
salinitie: Dissolved oxygen levels
begin to is completed.
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4.2 SPATIAL VARIATIONS

4,2.1 Storm Conditions

Winds have a major influence in near-surface water mass trans-
port, especially in areas close to shore. When prevailing winds move
near-surface waters away from the coast, subsurface waters move upward
to replace them, a process called "upwelling", which is responsible for
bringing nutrients into the more productive nearshore areas. Upwelling
has been documented in the western Gulf of Maine by Hartwell (1975 and
1976), Kangas and Rufford (1974), Graham (1970a) and Longard and Banks,
(1952). Conversely, when winds are onshore, the opposite process of
"downwelling", or plunging of coastal waters seaward along the bottom,
can occur (NAI, 1975a). Strongest wind effects always accompany north-
east storms. uring these storms, near-surface waters often flow south-

ward at speeds of 1.0 kn (51.5 cm/sec) or more.

Based o: the NAI current-meter data and results of concurrent
drifter releases (NAI, 1975a and 1975b), it appears that storms and
associated winds play a key role in the large scale water mass displace-
ment of the western Gulf of Maine and appear to aelp drive the general
counterclockwise circulation of the Gulf of Maine gyre, as described by
the work of Bumpus (1973), Graham (1970a), Bumpus and Lauzier (1965),
Day (1958), and Bigelow (1927). 1In general, low pressure systems moving

across the region cause the stormiest conditions ard the most significant

te}

%

ind stress effects in nearshore waters (Beardsley and Butman, 1974).
Lows which come up along the coast and pass northeastward over Georges
Bank ("northeasters") cause southward flows; inland lows which move down

the St. Lawrence River valley cause northward flows.

Under the influence of the first type of meter.ological
forcing function (winds from the north and northeast), southward flows
are manifested by southward current vectors which show a sustained

steady-state flow along the coast. Su-h flow essentially masks out the

weaker tidal currents, frequently persistinj; for days at a time.
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Moderate southward flows (about 0.2 to 0.3 kn or 10.3 to 15.4
cm/sec are general.y stronger than typical mean tidal current speeds.
A 24-hr segquential-vector plot from Sep:ember 22, 1977 illustrates this
type of flow (Figure 3.1-2). Strong scuthward flows (greater than about
0.3 kn or 15.4 cm/sec) are faster than typical mean tidal current speeds.
Such flows average 0.4 to 0.6 kn or 2C.5 to 30.9 cm/sec and may occasion-
ally exceed 1.0 kn (51.5 cm/sec). A 24-hs sequential-vector plot from

March 15, 1977 illustrates this type of flow (Figure 3.1-2).

Under the influence of the second type of meteorological
forcing function (winds from the south and southwest), northward flows
are manifested by northward current vectors which show a sustained

steady-stat

®

flow along the coast. Such flow essentially masks out the

weaker tidal

0

urrents, frequently persisting for days at a time.

Moderate northward flows (about 0.2 kn to 0.3 kxn or 15.4

cm/sec) are generally stronger than typical mean tidal current speeds.

- .

A 24~hr sequential vector plct from January 20, 1977 illustrates this
type of flow (Figure 3.1-2). 3Strong northward flows (greater than about

0.3 kn or 15.4 cm/sec) are faster than typical mean tidal current speeds.
Such flows average 0.3 to 0.5
exceed 1.0 kn (51.5 cm/sec). A 24-hr sequential vector plot from October
9, 1977 illustrates this type of flow (Figure 2.1-2),

In terms of actual current directions, it should be noted that

the "flow toward the south” and the "flow toward the north" categories

(a4

as the ebb or flood portions, respectively, of
a reversing tidal flow. The only difference is that they have persisted

as a steady-state condition for a longer period.

There was no indication that any of the 1977 storms set any
U.S. Weather Bureau records. Storm intensity and frequency were similar
to observations of previous years. Other studies in the western Gulf of
Maine (for example, NAI, 1974 in Casco Bay, Maine; Cox, 1975 in Massachu-
a

s and Hufford, 1974 in Massachusetts Bay; and EG&G, 1976

kn or 15.4 to 25.7 cm/sec and may occasionally



off Salisbury Beach and Plymcouth, Massachusetts) have also showed that
pericdic storm events drive ccastal currents southward or northward

along the coast, depending upon wind direction. Such events typically
affect the entire coastal region from Cape Elizabeth to Cape Cod, resuv'ting

in major displacements of large volumes of water.

Since 1962 a number of major storms causing severe beach
erosion have hit Massachusetts and New Hampshire (Figure 3.1-6). The
most severe was February 19-20, 1972 (Richardson, 1977). According to
Richardson's research, moderate damage was caused by storms of November

11-13, 1968; March 2-3, 1969; March 3- 1971; January 28-29, 1973; and
s with lesser damage have been
November 29=30, 1963; December 29, 1966; December 16 to 17, 1970; and

February 24-25, 1977 (Figure 3.1-6).

4,2.2 Coastal Boundary Layer Dynamics

In analyzing current meter and hydrographic data obtained
uring more than 100 northeasterly storms since 1973, Hartwell (1976)
developed a simple model for the typical pattern of coastal boundary

"

layer dynamics, storm buildup, and dissipation. In the "storm phase”,
ambient temperatures and salinity often create a stratified condition
comprising an upper layer and a lower layer in the offshore zone.
Shallow waters along the coast, which are especially susceptible to wind
shear effects, constitute the

are called th offshore" zone (Figure 4.2-1). In the absence of storm

start building up, mixing near shore is initiated, with upper momentum
transfer from the upper to lower layer. The nearshore zone exhibits

southward flow; whereas the offshore zone continues to show residual
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general, low-pressure systems moving across the region cause the storm-
iest conditions and the most significant wind stress effects in near-
shore waters. Typical northeaster storms show a pattern whicl. has been
divided into the following phases: prestorm, early storm, intense storm
and post storm. Although January to April 1977 was the stormiest peri-

od, at least one northeaster occurred every month of the year.

5.3 TEMPERATURE

Water temperatures show pronounced daily, seasonal and annual
variability. Coldest temperatures typically occur in February, lagging
about 30 days behind the coldest air temperatures; the winter of 1277
was the coldest observed to date. During the spring months temperatures
gradually rise and the seasonal thermocline becomes established. By mid-

summer the thermocline may be 30 to 40 ft (2 to 12 m) thick. Highest

temperatures are generally reached during August. Temperature data show

£

aily variations of 1 to 11 F (0.5 to 6 C) during the summertime and 1

to 7 F (0.5 to 4 C) during the wintertime.
5.4 SALINITY
Near-surface values always being less than those at depth, the
14 £ 213 \Of 4 A1 S 3 :
mean salinity frcm about 33.0 /oo in January decreased during the winter.

om February through May, seasonal runoff lowered salinities sharply
and a pronounced halocline formed. By early summer the halocline weak-
ened and salinities started rising again. In September, October and
November, increased runoff reestablished the halocline, showing vertical
variations of at least 0.5 ,o00. In the late fall intense storms and

vertical mixing brought a return to ischaline conditions averaging 3.3

"

a show that the Merrimack River plays an important role

[y

a
n regional salinity distributions.
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\PPENDIX TABLI i~ OPERATIONAL PERFORMANCE OF NAI CURRENT METERS AND WIND STATION OFF HAMPTON BEACH,
NEW HAMPSHIRE, FOR 1977. SEASROOK 1977 ANNUAL HYDROGRAPHIC REPORT, 1979.
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Appendix Figure 7.2-2. Summary rose diagrams of near-surface currents at NAI Mooring 12 off Hampton Beach, Mew
Hampshire for 1973 through 1977. Seabrook 1977 Annual Hydrographic Report, 1979.
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Appendix Figure 7.2-3. Summary rose diagrams of near-surface currents at NAI Mooring 10 upper off Hampton Beach,
New Hampshire for 1973 through 1977. Seabrook 1977 Annual Hydrographic Report, 1979.
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APPENDIX TABLE 7.3-2. PERCENTAGE-FREQUENCY TABULATION OF CURRENT METER DATA FROM MOORING 12
HAMPTON BEACH, NEW HAMPSHIRE. DATA ARE FROM 11-16-73 T0O 9-15-77.
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Appendix Figure 7.4-1. Monthly summary temperature data from Mooring 12 showing maximum ever observed, monthiy
mean of daily maxima, monthly mean for latest year (1977), monthly mean of daily minima,
and minimum ever observed from November 9, 1973 to September 14, 1977. Seabrook 1977
Annual Hydrographic Report, 1979.
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Monthly summary temperature data from Mooring 10 Upper skowing maximum ever observed,
monthly mean of daily maxima, monthly mean for latest year (1977), monthly mean of daily
minima, and minimum ever cbserved from October 19, 1973 to September 15, 1977. Seabrook
1977 Annual Hydrographic Report, 1979.
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Appendix Figure 7.4-4. Monthly summary temperature data from Mooring I-4 Upper showing maximum ever observed,
monthly mean of daily maxima, monthly mcan for latest year (1977), monthly mean of daily
minima, and minimum ever observed from September 5, 1975 to December 31, 1977. Seabrook
1977 Annual Hydrographic Report, 1979.
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Appendix Figure 7.4-5. Monthly summary temperature data from Mooring 1-4 Lower showing maximum ever observed,
monthly mean of daily maxima, monthly mean for latest year (1977), monthly mean of daily
minima, and minimum ever observed from September 5, 1975 to December 31, 1977. Seabrook
1977 Annual Hydrographic Report, 1979.
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Appendix Figure 7.4-6. Monthly summary temperature data from Mooring T-7 showing maximum ever observed,
monthly mean of daily maxima, monthly mean for latest year (1977), monthly mean of iaily
minima, and minimum ever observed July 1, 1975 to December 31, 1977. Seabrook
1977 Annual Hydrographic Report, 1979.
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Appendix Figure 7.4-7. Monthly summary temperature data from Mooring B Upper showing maximum ever observed,
monthly mean of daily maxima, monthly mean for latest year (1977), monthly mean of daily
minima, and minimum ever observed January 1, 1976 to December 31, 1977. Seabrook
1977 Annual Hydrographic Report, 1979.
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Appendix Figure 7.4-8. Monthly summary temperature data from Mooring B Lower showing maximum ever observed,
monthly mean of daily maxima, monthly mean for latest year (1977), monthly mean of daily
minima, and minimum ever observed January 1, 1976 to December 31, 1977. Seabrook
1977 Annual Hydrographic Report, 1979.
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Appendix Figure 7.4-9. Monthly summary temperature data from Mooring HH Upper showing maximum ever observed,
monthly mean of daily maxima, monthly mean for latest year (1977), monthly mean of daily
minima, and minimum ever observed January i, 1976 to December 31, 1977. Seabrook
1977 Annual Hydrographic Report, 1979.
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Appendix Figure 7.4-10. Monthly summary temperature data from Mooring HH Lower showing maximum ever observed,
monthly mean of daily maxima, monthly mean for latest year (1977), monthly mean of daily
minima, and minimum ever observed January 1, 1976 to December 31, 1977. Seabrook
1977 Annual Hydrographic Report, 1979,






AR

.
WIRDG 2
VETER o
MOORING L
> FTowe
vETES y

/

TR

JENN

oy
N\Eis
Tt \:X
I | .
i .-‘ \‘
‘lll~fq_ i » 54
4. Friwe > N DA R - o~ g A
N A% £
/ i
/

£ ¥
nA
armM

i



e ,,,,..L/‘ g gy M il et

P h/ O e S

=z A" 7/’*;,1'% /f" =

¥

EER 3 ) il J"""‘h-’;y "‘;/'F"

e R S Toni T Sl AL LA

o . A
o : :
s 1 '
N
v AvSYan e on + 4 . . be Af Fuvrvant
- U ivVera sequern d vecl J grrent
and wind data “+h renvacanti Airect  toward
1 .
o d Aty xndd : s -dva 44 s £~ " " $
P and W water dae ne 4."- r anuar
¥ i - .

»
+
¥+ ¢
e TE
-
%

’



/ OR T

PEEEER TR ELA by
Prrer b e rbb b e

v

[+ 7]
£
C
f
¢
¢
<
(
<
¢
L{

N
A
5
A
|
5
|
i\
A
?
TR N N T S O fm R O 2 T T T R T D B B




.

b4

[?rl‘.f!&

o/ -
4 7’
7Y

. Q’
"Kﬁ,
" -
;';f
¢
.

/,
3 Lids -
—— TR r
7‘ /{" /
!
o r ecto
i Aas +th »
W . t e | +

. - _"_‘, Jf//[{", ,,7"'” » h « ._:r
/ J ,}
' > e > =

...-*

™



EAFTI™ AY D

was LF

VORI

XREDG L

OREDG L0
2= TTIA

MIFEDG A

L 88 el

.
ETER
LRa
ex
¥ \ ) ) P i i :
\ BEE. i : A B
- :
Loy ' .
’ -
{ ! 13
' 3
‘-3
1 o] cmnanE ehaaaantda) atnw nlate AL »
- v U y daverage sequentia VeCLOr PDI10ORS s\
nd nd Aata [(hatt ~ e e $inn As LT,
and w data ooth representing direction
hem and 1 stay +ide aimhte fravr Marrh 1
11gh and 10w wate c1de neignis 70r narcn |
eabr k 19 ja l r Y - ¥ s 1979,



MR

AT e
¥ AFTTN . » Ty

J

A | | / - !
i '/‘ &" ‘*'y} 4‘?"‘1}" v YOI 7 If)‘ﬁ;'

% ~*w;v/ \\%‘C ~ ey

S _— - 2anbaw ®)ad
4 /f dverage At vl )Y

* = . - -
1 W 3a T« O Y resen diy
- ndA 1na st oy + h rhte £ M

@&y

\

W e »Jl

v R

e

~ rent
- ~-l'
. - B -
10 rOwWar
A rcr ] ¢
.

5

s



"y
40
o r—
) —
Q
& =
V)
2 .
(@) - e av
. . £ f
. v -y
= 20 r
Y o
2 @ © -
{ » [ FAdbag gt tatiin S = O
“ - - v ~ e O
é - ’ - 4 >
L ) L&)
' i | c 4
a - { : Y O
t e q O = p
y H N - =
f 45N & QU
A JV " 4 O & 5 W,H
. - = 0O
d '3 i AV ™
¢ i = ! g
J v/ - | . ons.
3 T/ E D D .,
{ H ‘w ) = 4 -
N g - 4 o -
3 S y I“\ P Qv g
-~ < v > Q)
-~ wv £
T. — @ tn g
“y Y A o 5
4 “r O
- 2 QX

» v &= 5
b 1\ ot Q Q
p — ) 2 T T .
Y > &v/ / Cr 42 -
& g QO
Y - e o \ v 0O c
g . 5
: ‘ QO & ]
" - . O I
n - g 4 r~
h 4 lw; N % £ WO
_y b, QT c ‘
k ,4 o
/ m O =
c £
h y ce= N C
ﬁ o \ v L 8
. o 5 c ‘
: 30 T
O C n @
¥ " " 1. © o W)
<] -
@ . N P TN ‘ srad
o
™ 1
iy Te)
a2t E 2 o f
g ,‘( ’ W r ©
HiY $ = ' [~ 'y
¥ q 5



23
Lad

AT AN, YIROR SR aNTTENL | PP ¢SSR ECTRS OIRECTION

o /
[ gl W/ 1
VOORTNG . : 4!{ :j, T o — Qv ‘;” .
s WO NN B
\ AR\ (LR |
) § i ST '
RDG L2
" iR p
o | a3 B
/ /4
LLRDG 13 A
e G N~

WIRDEG 4

R N
=t B A G //}i’f{xf/’g/f : 7

=} e

’ ¥
J V125

WIED

VETER e .4 *V'ﬁ‘?“’ﬁ- ‘?’:”=Zv§l£77 e

/

D¢ R £, 7 - pusany . . "" -
R e oy oo "¢;<~;??7jf' /“\;~<fﬁs

TeaRr

¥ :

f i

:

4

y

- b | 2 o . - 1 - - O
iY - Hourly average sequential vector plots of curren
] oL - & Ty Sl il @ 3 A4 w4 . .
and wing data (Doth representing direction towar

e . M 1A - b9 HdAn .yt > ~ A ~ s 19

as high and low water tide heights for April 17

. s g ~ A A

eabdroox Rl nua - 1 r "1 e ¥ 179,

RE

+
-
\
o
u
+

/
n
v



EASLXIR. 77T

e

-
-
e
.

Hourly average sequential vector plots of current meter data

and wind data (both representing direction toward) as well
as high and low water tide heights for May 1 to 16, 1977.

107 ’.\,

1A A
9]

/

i J .

Seabrook 1977 Annual Hydrographic Report

m



war Nl o

v

f

Srretrbrbbbrintes

-

e

-

e

ey

~ .

PEuey

PEEEEE b

o

o

")

w

P
o

3

b3

~4 M

Q.
o7

ot
(=%

wad



2. .,

VD Lial b A
! o .'/ /'

'_(\;L A’.,

i

:
Hourly average sequential vector plots of current
and wind data (both representing direction toward
as high and low water tide heights for June 1 to
eabrook 1977 Annua drograpt Report, 1979.



LR

|

X /7"‘\""*

.

S G

L.,, P, 4 ll‘/v'/. *3 - l'é/Ax-’/

(1
i A%

! o

,
£
‘s

r ;1 r . " A\

- < x »

4
/ )
: Z/I’
\ - w ’
4{&1 i ‘J;',.* — ’f‘-—’

W

f
‘, e -ty -.7—,-" ¥
i
s

JT 1y aVe
- inA
aiil wing G
3 n h oan
- =3

' .
~ " L n*t™t1a we tor c v 2 1YY
ragec equEenuica veEC |

- . . 9. +
y e+ rapresenting tion tow
1 1n tar +ide heiaohte for ne
d OW Wa.i.t - 14 £ . . Jurne
4 Y 1/4
4 s

- ATy "":;P;—ﬁ— > ‘xcr"- "r,’""’

»h -‘/'/4‘%!\ i A | e
e

=

OE



SOOR I
- -~
WIE D
T ER
Al .

HORE ¥ RO CLRLY AVTReE

A
«

Anad

2

AvVera
~ 45+
g w

I A

// :
AR < Iy NS Wy o

‘

PR A}

. N

R e .

Q. ot




”
F o J !
i - L~ o e ¥
S %
X
t
\ 8 5
M » ‘ -
il - -
. LR e B P st
13
/ »
x Lt E/
= Lw B R .—»Vﬂ_.,vi.x.j\f—sl——» 4“4.-.»9_,_-;«-“(&3.”,'*
y Ly d 4 )
AFEEN
b ¥
. 1/
p F. < A,
£ ’,‘{ e e - j -Aéa? '- "' . —’&..,
i [ ! :
f
- ;
4 r Caiha 05 SR, g ey
Iy

iy » \
i e W iy ,/ N S {

~
C

. B rA on ad 4 artar r + £ rrant mot
. snd . * b *h vrany n+tin 43 ye + . $ y v 2 &
) / - - 4 - v wda i a
¥ y - ~ +4A adht & ] 1 1 - - -y

g Jatoy r Y +
v Wa v i J 3 1L 4 s J .



AR . » ¥ A% » & Q= AEENE o - > -

L ey}

O IBsialycva 8 ey
RUTR

\{TLAF*‘I b

= A

vETES

VODR T ) Z L ~ ad L § \)L
METER 4 ., :.“H -'_ ’ p e v

:— PRl C —"H"‘:r?‘,‘:“'\l e e (\w‘w‘?.‘\,ﬁ--}. w,r-"r ry

% LA “""M&‘vr' e R ‘/&bﬁi

I ' i 3
A -
y +
BERE
pendix
Y - 7 K 18 Haiirl v y ~a ~ -5 1 Tt o 1ate £ -~ - +
ire =12, ROurly average sequential vector plots o urrent
- . 4 + f o prpr q ~ i< 3
né wind gata (both representing direction toward
’ : . .

19N = N O ater +14d B 9 11 1 ~ A L 1 0 1
nign and iow water tide heights for August |1 to 1

eabrook 19 vdrographic Report. 1979.

’
e
NOR T



OOF 2

S

. S > ™o
|
.4{;1;" "- .r' Teh ,-rll)I/-‘
« (\ o ‘:i‘.',f‘X’ g 1-7
v,l i

’ .1
&JM “niihﬁ‘-nlﬁ,

N

G 3 N\ NOR f . /s
t A f,.,\J~LA 11?,,‘5,4,., “ e /,.' /p',—i.ﬁ- L—«M ']

.M . e A et \_/_';Aa&.:;/.:

2 5
NOR



ORI
VETER L
MIEDE 12
WIRIE 13
> i W

SO SATTD FURONE L eE O RN LEL ¢ AVESaE S OTREDT TN AR
- y . Ao Z

MOORING DEACTIVATEL

,L_A__.,,,_,ﬂ_.___..x;,;\ - ,,.‘nf_xz‘LA

: : ¢ Lo P 3
$ +
. v e B BE B N \ \ + 0
3 ' :
- -2
3 3o ~a co - ++ 2 artm o~y o & m »> o, -
rly average sequential vector current meter data
4 . \ P
A Aa+a s e can®™inn + A A - o
w Id data yuUL representing coward as weil as
h and T o ifds hatahkts £ a3 o 18 1077
d W water tide heignts per | to 106, ¥
¥ ¥ 4 4 nua Y r r o & -l 3740




g X

—

o]

- g

¥



R N R R R

era
-2+
and
3

+ VU

w

(8

ct

RS R

N S E EE EE EE .



‘l":
o

1.41 -u M vl ,{-;1

,w} b
FEA

i\

i
= al) 2 - = > > =
|
MAAARTEIA TA RMIN 18 B AAPP
v ( - ) r M
VURLINGD LU AU 1€ UCAUILVYA
g ) > 2 >3 4 = =

\
\ A A B ke % Xy ko
X ¥
{ V {

' E £ ¥ 4 3 3 i !
1w - e v - , -
urly averanqs . n a vector
- ;. ~ Anta ST E o 2 vroacon* -

J Wind data | reg ent
hink sad s ¥idn hatnhée FEne
H and v L1de -
1 4 ¥

PEEE R R r bRt

=
NOR T

~ T



RE
NIRRT

- a - - a = 4 2 14 S !
MAADTANS 1A ANMD 19 ACAATIVUATEN
. T JURLING LU ARV 14 UCAVIAVAILL
3 2 3 B S = 4 El 9 il 54 2 3 14 18 pl S
+ O
WNE
la

L |

3
&
i3+ +1
- :
. -
. b \ A ! L i :4
' A -
. : 2 £ & P A B A | 4 \ i r k3
3 A A i -
. .
. v Pl :
' '
. I !
f ’ ' :
> ' ! -
> | ' { ! ! 1
enacl x
. 7 HAanimw] IVerana on sntial artor nlnte nf currant stay A+
i - ou y everade Sequce velL Lo + ‘o O J - e LE Ja L
- s 4 4 = Aot < ~ a5 -~ + A 11
iNd wind cata cing Girectior ward 1S wel
P nY A 1 £~ ~ n 1 18 1077
as 1h and 1 r November f
e 4 K 17 K i y ! f re, 12



 ASRE LW AT ¥ . == / NI EN ol N RAE ECTR (SET "I TMAR
i /’/
/ » ' 4 /
// : |, g7 /
. r,rr e g . / 2
/'»,‘ 'r’n/?/* } ] /
.I'..A/. g A Xt A . : _.llx
RE
R T
. ) - o | = - | 3
DT . -prr - S
LRSENT
e < - 3 7 N — X
&

.
" 7 { §
> &
s et ¢ — s S
,f ~ T - vﬂ}*.wqﬁ‘
~ S=
: A Pl i @ . i
' 3
1 ' :
1 ¢ ant 1 ar*nr e $ A . . {4
/ J 3 Vel k < .U o Ja
and wind data (both representing direction tow
c b oanrmA - o be Fap ? 7 %
2 X 1 y | > 5 Ve { - vy



- : (18]
\ ) o 3 | oS
t e I
" o @r 'Y "y
.& ¥ . v (S ]
7 <~ -
.
~ f
.w ! ' ) r
! R R R 2 W O
| JJ Q) .
by - " “ :
- | '
£
il L=
)

[ |
rean*
-~ 3
~

| - £
: N L -
A ‘ ' tw w 3 40 !
W e ..N! - O i
Y " e
e i ! | e - O 3
c € O QO
Ll 4 ')
o ' n o
J | ‘ w 1 i “" _‘_ m
¥ - O 4 '’
... ' - o 4 v w
N ] . { L0 O
> )
y 1 tn s
4 )
. ) ! O O
b ALF H i i (
) & ‘ ™~ %
L 42
' " oJ 0 a QL ¢ v
" e R
- vy K
0 (] - Q@ o
i n - ' I - (L5 N S
& «l L a
Y 2 ) £
“ o |
-4 v oW
b s X
- L8 s e
N‘ e Q O 4
» v £l
) (&)
(- Q «
4 ) . .
—; > o2 I}
] 1 y K] 3 " 3
} D O ¢
"
. ) m L&)
- £ L
41 _ _
' | . '
i L £ )
s B
( o ow
X! ' 1 "
.
ﬁ . IR R e
A; ’y
v
. _x
} \ )
Y 44 L
‘ J » J
’ .
i Fiom Y n * '
& ) voof U
' "
4 3 u f
Ho ¥ . H . )
: Y 1Y



1]

-~

JO

i

Jfg',_n‘ﬂ —

-

i
{H

E‘\ - — . 1‘

n

theee

+

PhEREEEE R




