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Abstract

This report contains data summaries from a cooperative program between
Sea Grant at the University of New Hampshire and the National Ocean Survey (NOS)
to measure currents and sea level in the Great Bay Estuarine System, New
Hampshire. Part A contains a descrip;ion and summary of the University of New
Hampshire program. Its goal was to describe the lateral variability of the
currents at several locations in the estuary. Part B containg the results from

the NOS program of moored current meters and fixed tide gauges.



SECTION A: UNH CURRERTS

I. TIntroduction

During the summer of 1975 a comprehensive field program, designed to
measure the tidal elevations and currents within the Great Bay Estuarine
System, was performed by the University of New Hampshire in cooperation with
the National Ocean Survey (NOS). The NOS program consisted of a number of
moored current meters and sea level measurement stations. The details of
this program appear in the second section of this report.

In the first section we describe the results obtained from the UNH
part of the field program which investigated the vertical and horizontal
variability of estuarine currents. To this end, a series of 13-hour transects
were occupied at each of the locations shown in Figure 1. Each transect
consisted of three stations spaced across the main channel, The details of
each of the transects are shown in Figures 2 through 7. Superposed on these
bathymetric maps are the station locations, current ellipses and the longi-
tudinal and transverse directions used in the subsequent data analysis. The
current "ellipses" were formed by using the vector averaged mean profile
data from each station. The heads of these averaged vectors from each station
were connected to give the observed current "ellipse".

In Tables I and II, the times of each station are indicated for each

transect.



Table 1

Cruise Summary Data

July 8, 1975 July 22, 1975 Aupust 5, 1975
Adams Point Fox Point Newington
STATION TIME (EDT) STATION TIME (EDT) STATION TIME (EDT)
2 0930
3 0958 2 0937 1 0927
1 1016 3 0955 2 0954
2 1033 [ 1018 3 1034
3 1092 3 1039 2 1057
2 1108 2 1059 1 1122
1 1129 3 1122 2 1144
2 1146 4 1141 3 1157
3 1205 3 1207 2 1213
2 1221 2 1229 1 1236
1 1240 4 1357 2 125Q
2 1305 3 1425 3 1311
3 1330 2 1454 2 1337
2 1357 3 1516 1 1408
1 1423 4 1546 2 1421
2 1448 3 1609 3 1444
3 1508 2 1639 2 1503
2 1526 1 1718 1 1526
1 1559 2 1734 2 1543
2 1621 3 1753 3 1606
3 1651 1 1936 2 1621
2 1711 2 1951 1 1646
1 1734 3 2012 2 1659
2 1751 3 2113 3 1717
3 1812 2 2138 2 1731
2 1827 1 2201 1 1746
1 1849 2 1802
2 1905 3 1817
3 1930 2 1835
2 1956 1 1902
1 2015 2 1915
2 2030 3 1935
3 2045 2 1950
2 2059 1 2007
1 2117 2 2027
2 2138 3 2047
3 2201 2 2106
1 2129
2 2145



Table TI

Cruise Summary Data

August 19, 1975 September 10, 1975 September 24, 1975
Dover Point Great Bay Portsmouth
STATION TIME (EDT) STATION TIME (EDT) STATION TIME (EDT)

1 0755
3 0955 1 0840 2 0822
2 1015 2 0857 3 0858
1 1037 3 0916 2 0915
2 1100 2 0934 1 0938
3 11290 1 0935 2 Q950
2 114Q 2 10Q5 3 1011
1 1200 3 1020 2 1030
2 1228 2 1032 1 1047
3 1250 1 1046 2 1111
2 1310 2 1103 3 1132
1 1342 3 1125 2 1146
2 1405 2 1140 1 1225
3 1430 1 1155 2 1242
1 1510 2 1207 3 1308
2 1540 3 1225 2 1350
3 1600 2 1236 1 1430
2 1616 1 1256 2 1450
1 lée3é 2 1310 3 1519
2 1654 3 1329 2 1535
3 1712 2 1346 1 1603
2 1729 1 1403 2 1615
1 1749 2 1425 3 1645
2 1808 3 1440 2 1700
3 1827 2 1454 1 1729
2 1843 1 1509 2 1747
1 1903 2 1522 3 1826
2 1915 3 1543 2 1841
3 1932 2 1558 1 1908
2 1947 1 1618 2 1922
1 2005 2 1627 3 2000
2 2022 3 1644 2 2015

3 2044 2 1652

2 2100 i 1710

2 1730

3 1755

2 1812

1 1833

2 1845

3 1856

2 1914

1 1929

2 1945

3 2004

2 2026

1 2045

2 2100



II. Measurement Methods

The sampling procedure was to crisscross the channel, sampling the
stations in the following order: 1, 2, 3, 2, 1, 2, 3, and so con. Thus,
the center station was sampled more frequently than the side stations.
Station locations were determined by using compass bearings taken on
known landmarks., The precision with which we could locate ourselves by
this method was + 50 meters. The ship was anchored at each station while
measurements were made. It took approximately 15-20 minutes to take
measurements at each station, so an entire transect took approximately
on hour.

A profile was done at each station, which involved taking a one-
minute analog record of each parameter at two-meter intervals from the
surface to the bottom of the water column.

The instrument array used to make the current profiles is shown in
Figure 8. It consisted on a Marsh-McBirney Model 711 Electromagnetic
water current meter and a Martek TDC metering system. The sensors from
the Martek (pressure, temperature and conductivity) were attached to the
top of the current meter as shown in Figure 8. The output of the instru-—
ment consisted of 6-analog signals: 1) N-S water current component, 2) E-W
water current component, 3) current direction, 4) pressure, 5) temperature
and 6) conductivity. This output was monitored by strip chart recorders.

The Marsh-McBirney Model 711 electromagnetic water current meter is
a general purpose instrument consisting of a transducer probe and a signal
processor mounted in a case. The transducer is connected to the signal
processor via a detachable electrical cable. The instrument is based upon
Faraday's principle of electromagnetic induction. A magnetic field is

produced within the transducer so as to be parallel to the long axis of



the instrument. Electrodes placed in the sensor detect water flow in a
r.ane perpendicular toc the instrument. Two pairsof electrodes are
used so the flow can be resolved into X and Y components instantaneously.
The voltages induced across the electrodes are proportional to the flow
velocity. These signals are output as analog voltages which give the
components of flow in the plane perpendicular to the instrument. A
compass housed on the top of the instrument suppllies an analog voltage
which ig proportiomal to the heading of the instrument with respect to
magnetic north. A detachable vane keeps the instrument aligned with the
"mean" current.

Since we did not have the facilities to calibrate the speed, we
used the manufacturer's specified sensitivity of + 1 volt equals + 304.8
cm/sec. We have also used the manufacturer's specifications with regard

to the instrument’'s precision:

Long term zero drift < 2.14 em/sec
linearity + 2% of reading
electronic noise .91/4/T rms cm/sec where
T=time constant of meter
absolute calibratioen + 2%

We were able to calibrate the compass calibration by comparison to
a "Brunton" compass. We found the precision in direction to be i_8°.

The Martek Model TDC metering system 1s a compact battery-operated
ingtrument for making in-situ measurements of conductivity, temperature
and depth. The output is available as an analog voltage for strip chart
recording and as a meter reading. Salinity can be determined as a function
of conductivity and temperature using conversion graphs supplied with the
instrument.

The instrument consists of an underwater transducer made up of three
modular sensors for temperature, pressure and conductivity. The transducer

is connected to a readout module by a detachable cable. The pressure sensor



is a standard Bourdon tube potentiometric transducer. The sensor's linearity
is + .5% and has a repeatability of + .1% - the overall accuracy is + 2% of
full scale. We checked the depth {pressure) calibration by measuring the
amount of cable out (in meters) and monitored the pressure transducer out-
put (in voltage). This was done at slack tide when there was no angle to
the hydro-wire. This yielded a regression equation which was used for
calculating depths from the measured voltages. We found our depth precision
to be + 25 cm with this method. However, there was considerable non-
linearity in the upper half meter where the pressure was almost zero.
Because of this, surface depth readings had an uncertainty of approximately
50 cm.

The conductivity sensor is a flow-through electrode-type cell with a
pair of gold plated, platinum black coated nickel electrodes set at a
known distance from each other in a PVC housing. The manufacturer spec-
ifications give a precision of + 2 pMhos/cm.

The temperature sensor consists of a glass bead thermistor enclosed
by a stainless steel tube which is housed in a PVC jacket. The manufac-
turer quotes a precision of + .5°C.

The bathymetry shown in Figures 2 through 7 were constructed from data
which was collected as part of the field program, The depth data was ob-
tained during a series of traverses across each of the study areas. Hand
bearing compasses were used to keep track of the ship's position at the
beginning of the traverse, the end of the traverse and at one-minute in-
tervals during the traverse. The depth data collected from each traverse
was first referenced to mean low water {(using tidal tables) and plotted on a
chart. It was then hand contoured at two-meter intervals. In areas where no

data were obtained, we used the USCGS charts to extend our bathymetric charts.



The bathymetry based upon USCGS data have dashed contours in contrast
to the solid contours used with our own data. Owing to the precision of
the ship's fathometer and our navigation precision {(+ 50 meters), we estimate
the precision of the bathymetric charts to be approximately + .5 meters.
These charts were used to construct the bathymetric profiles used for the
contour plots.

The current data collected is presented here as (1) a time series of
profiles made at each station, which show the variability of the vertical
current structure at one location and (2) cross-channel transects spaced
approximately one hour apart showing the details of both the horizontal
and vertical current structure. An outline of the data reduction process
is shown in Figure 9.

Plots of speed, direction, longitude and transverse velocity profiles
for each cruise are shown in Figures 10 through 35.* The wvertical axis
represents the depth below the water surface (in meters). A horizontal
scale for each parameter appears to the right of the title on each plot.
The station number for the speed and direction profiles appears above the
tic mark which corresponds to 100 cm/sec and 180° respectively. For
longitudinal and tramsverse velocity profiles the station number appears
above the origin. The time of each profile is indicated below, along with
a dashed line showing the approximate depth of the bottom.

The contour plots of current speed, longitudinal component and trans-
verse component (Figures 36 to 77) summarize the profile data. FEach plot

is made from three stations which comprise one cross-channel transect. The

*
Since writing this report, we have discovered that there was equipment mal-

function during the ebb tide portion of the Portsmouth cruise (9/24/75);
therefore, the confidence in the current meter data collected during this
time is low.



dots indicate the depths at which the measurements were made. The solid
horizontal line indicates the water surface and the dashed horizontal line
indicates the approximate position of mean low water. The values are hand
contoured at 20 cm/sec intervals with intermediate values, i.e., 10, 30 cm/sec,
dashed in to clarify the picture when necessary. The time of the section,
which is the time of the center station, is indicated in the lower left
corner of each plot along with a title. The times of the two side stations
are within one-half hour on either side of this time. The orientation of
the contour plots is such that the view represented is downstream. With
regards to convention, positive longitudinal flow corresponds to flow out of
the estuary and positive transverse flow corresponds to flow to the right

of the downstream direction.



SECTTON B: NOS CURRENTS AND SEA LEVELS

I. Introduction

Tn this section, the estuarine sea levels and currents measured prin-
cipally by NOS are described. The purposes of the NOS survey were to update
tidal elevation and current prediction Qata, to redefine and update tidal
datum planes for land movement and shoreline determination, and to acquire
water circulation data to be used for future ecological studies of the area.
The last NOS goal served as a basis for the joint UNH/NOS field program

during the summers of 1975 and 1976. The 1975 results are reported herein.

II. Currents

Currents presented in this report were measured at the locations in-
dicated in Figure 1. A typical mooring consisted of a surface flotation
unit, from which were suspended a string of savonius rotor current meters,
at depths* of 4.57, 9.15, 15.25 meters, and a heavy weight, chosen to
minimize the tilt of the array. Current speed and direction were burst
sampled every 12 minutes and recorded on magnetic tape aboard the flotation
unit. For monitoring purposes, the current values were radiced to the NOAA
ship FERREL, where the data were reduced to engineering units, stored on
magnetic tape aboard the ship, and hand plotted. (In addition to the
processed data described here we also have copies of the unedited hand
plots.) The details of the processed currents are summarized in Table IT11,
and the presentation shown in Figure 79 demonstrates how the current

records at different locations were related during the field program.

*
For shallower water depths, less than three current meters were used.



STATION
NUMBER
C 104
C 124
€ 11%
¢ 111
¢ 130

C 135
c 125
C 133

¢ 138
C 134
€11

¢
c 128
c 127
€ 137
€ 126
€122

€ 136
€ los
€ 115
C 120
c 107
C 108
¢ 118
C 114
¢ 113

CURRENT
METER

1.D.
A, B

A

A (3.04)
A {(3.04)

A, B
A, B

A, B
A, B

A (3.04)
A (3.04)

A, B
A, B

A

A, B

A

A (3.04)
A (3.04)

A
A

A (3.04)
A, B

A, B

A, B, C
A, 3, ¢C

Table TITI

*

Summary of Current Meter Data

STATION

LATITUDE

(NORTH)
§3°04 25"
43%07' 00"
43%5* 2"
§3%4 *agm

43%06°' 59"

43%7' 29"
43%709"
43041 55"

43%4 1
§3°%04 22"
43°06" 00"

43%6 01"
43%7'21,7"
43%7'37"
43%10%7.5"
a3%7°47"

43°06° 39"

43%8° 56"
43%4 42"
43%04° 32"
43%05'41"
43%04 58"
43%s5'3zm
43904477
43%04716"

43°04' 21"

CURRENTS
LOCATION START
LONGITUDE DATE
(WEST)
70%3'01" | 7-9-75
70°49%44" | 7-3-75
70%5%'38" | 7-10-75
70%3'39.6" | 7-14-75
70%51139" | 7-24-75
8-1-7%
8-14-75
8-20-75
70°%59 41" 7-24-75
8-3-75
70%50714" | 9.13-75
9-21-75
70%52'06" | 8-11-75
8-23-75
70°52'06" | 8-21-75
70%s52° 24" | 8-20-75
70%51%%0" | 8-28-75
9-5-75
70%7%06" | 9-9-75
70°50'25" | 9-2-75
70°51922" | 9-3.75
70%9'44" | 9-12-75
70°50759" | 9-13-75
70%8'07" | 9-19-75
9-24-75
7095002 | 9-29-75
70%327" | 9-29-75
70%429"  |9-30-75
70°%6'06"  J0-25-75
70°%3'10"  Mo-1-75
70°3'07"  §0-1-75
70%45°19"  }0-9-75
10%4720" }0-10-75
70%44'16"  10-14-75
10-24-75

START

TIME

{cMT)
19:49
23:36
19:27
19:24
14:24
14:48
15:48
02:12

19:42
21:54

24312
20:00

16:00
16:24

19:42
26:06

16:00
16:12

21:52
20:06

l4:30

16:07

18:00

21:18
22:00

22:36
15:00
14:36
14:00
21:30
18:53
14:04
14:42

18:02
22:20

END
DATE
11-2-75

9-26-15
9-26~75
7-23-715
8-3-75
B8-14-75
B-20-75
B-25-75

8-4-75
8-5-75

9-21-75
9~27-75

B-23-75
B-25-75

8-30-75
8-30-75

9-5-75
9-13-7%

9-27-75
9-11-75
9-11-75

9-20-75

9-22-75 .

9-24-75
9-28-75

10~9-75
10-15-75
10-8-75
11-2-75
10-19-75
10-14=75
30-13-75
10-20-75

10-24=75
10-31-75

END

TIME

(&T)
18:13
15:12
19:15
20:00
14:36
14:48
02:00
13:12

19:42
20:54

15:00
19:12

16:00
22:00

13:30
13:42

16:00
16:12

13:04
15:06
16:18
17:31
14:12

21:30
18:36

13:24
17:36
14:36
14:12
13:54
15:05
03:40
14:54

22:02
15:08

NUMBER

DAYS
115
19

i8

L

10
16

13
4
10

10
7

*Except where indicated ('), current meters A, B, and C were moored at
of 4.37, 9.15 and 15.25 meters below the surface at MLW respectively.

start and end times refer to the available 12 minute values of current
and direction for each current meter.

10

depths
The
speed



fvery 12 minutes, five current speeds and five current directions were
sampled in rapid succession (1 second intervals) and stored. Any data
pair whose direction falls outside + 15° of the mean direction Were dig-
carded. The remaining speeds and directions are averaged separatelys
to form the vector assigned to that particular 12 minute sample.

The estimated precision of the current speed and direction are
+2.6 cm/sec and +2.5 degrees respectively for zero tilt and speeds less
than 52 cm/sec (1 kt). The precision of speeds greater than 52 cm/sec
is about + 5 cm/sec.

In general the ebb and flood currents are aligned with the general
bathymetric features and, therefore, we chose to present current speed
and direction separately. In Figure 80 we show representative samples
of currents and sea level from a number of locations in the estuary.
The particular current direction, current speed, and sea level records
were chosen to coincide with the UNH profiling cruises described in
section A of this data report. Twenty-four hours of data are shown
starting at 0400 EDT (0800 GMI) for each cruise day. Current speed
values of 524.2752 cm/sec (9.99 kts.) have been used to designate mis-
sing data in the original records. Those values have been replaced by
0.0 cm/sec for presentation purposes here. One should be suspiclious of

corresponding direction values which appear to have a similar spikiness.

IiI. Sea Level

With the exception of the UNH resistance tide gauge located at Adams
Point, all sea level measurements were made by NOS with the standard NOS
automatic digital recording (ADR) tide gauges. The location of the sta-
tions 1s indicated in Figure 81. Table 1V summarizes the details of the

available data series, which are composed of one hour samples,* while figure

* The UNH Adams Point series is one-half hour samples.

11



TIDE
STATION GAUGE
IDENTIFICATION TYPE
T-5 ADR
I-13 ADR
T-164A ADR
T-168
T-15 ADR
T-14 ADR
T-144 ADR
T-12 ADR
T-11 ADR
T-19 ADR
SEAVEY ADR
UNH RESISTANCE

*
With the exception of the UNH (one-half hour) samples, the series is composed
of one hour samples, with the indicated start and end times.

Table IV

*

Sea Level Data Summary

TIDE STATIONS

STATION LOCATION

LATITUDE
(NORTH)

439047 25"

43°06110"

43°07145"

43°911'28"

|
43°07° 00"

43°07 00"

43905 49"
43%051 25"
43°0308"
43°04 45"

43°05125"

LONGITUDE

{WEST)

70°43'07"

70%47'40"

70°50" 50"

709491 28"
70°948'45"

70°94845"

70°47' 00"
7045 50"
70°54' 40"
70°447 30"

70°51 155"

12

START
DATE

6-24-75
10-6-75
10-25-75

9-1~75

7-1-75

7-21-75

8-16-75

8-20-75

9-1-75

9-21-75

9-29-75

9-9-75

7-1-75

9-3-75
11-17-75

9-5-75
7-1-75
7=1-75
2-1=75

1-7-75
9-10-75

START
TIME
(GMT)

00:00
00:00
00:00
00:00
00:00
00:00
00:00
00:00
00:00
00:00
00:00
00:00
00:00

00:00
00:00

00:00
00:00
00:00
00:00

23:47
10:47

END
DATE

9-29-75
10-20-75
12-2-75

9-30-75

7-10-75

8-11-75

8-~18-75

8-31-75

9-19-75

9-26-75

9-30-75

9-30-75

9-27-75

11-13-75
12-31-75

4-30-75
9-30-75
7=31-75
12-31-75

9-7-75
9-25-75

END
TIME
(GMT)

23:00
23:00
23:00
23:00
23:00
23:00
23:00
23:00
23:00
23:00
23:00
23:00
23:00

23:00
23:00

23:00
23:00
23:00
23:00

07:47
05:17

NUMBER
oF
DAYS

97
14
38
29

9
21

2

11
18

5
1
21
38

71
44

25
91
30
333

62
15



82 shows relation of the various measurements during the field program.

The ADR tide gauges record six~minute values of the sea level as measured
by a float in the standard NOS tidal well. These measurements were obtained
in accordance with procedures specified in NOS Special Publication 30-1,
"Manual of Tide Observations." The precision of these measurements is
better than the 3 cm resolution of the ADR. The data presented here are
one hour subsamples of the "adjusted" data record obtained by the ADR. The
data are adjusted to a calculated reference level of mean low water (MLW).

The 2 o standard deviation accuracy of MLW relative to a 1%-year mean value
for a one month tide series is + 7.6 cm.

The Adams Point sea level was measured continuously by a Metritape Inc.
Level Sensor. This device is a precision-wound resistance helix having 1.5
contacts per cm along its 2.89 meter length. The jacket envelope consists
of multiple layers of selected material to protect the electrical system
and act as a pressure receiving diaphragm. Pressure of the fluid causes
progressive contact of the extended resistence element against a conducting
strip. The resisténce remains unshorted above the fluid level. The tape
was inserted in a tidal well to damp high frequency sea level fluctuatious.
The output voltage was recorded on a chart recorder and sampled every half hour
by hand. The calculated precision (rms non-linearity) 1s + .5 em while the
long period umcertainty is + 2 cm and related to fluctuation of the elee-
tronic reference.

In Figure 83 representative examples of the sea level records are
plotted for the duration of the summer 1975 program. A summary of the
tidal ranges, a function of position in the estuary, is shown in Figure 84.

In this presentation mean sea level (MSL) 1s assumed to be level, which is not
strictly true, tecauseof the river flow but is acceptable within the pre-

cision of the measurements. The distribution of July mean high water (MHW)

13



and mean low water (MLW) for the estuary is plotted. Because ©f the phase lag
in high and low tide, the instantaneous sea level differs from the mean

tidal range picture. TFor comparison, the instantaneocus sea level distribu-
tion at slack high water (SHW) and slack low water {(SLW) at Dover Point for
15 July 1975 is plotted. The phase distribution of July, 1975 MHW relative

to Dover Point is plotted above in Figure 84,
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List of rigures for Parts A and B

Figure 1 Sample locations for summer 1975 experiment, 13-hour UNH transect
indicated by ( e ).

Figure 2 STATION LOCATIONS FOR ADAMS POINT CRUISE. Longitudinal-transverse
axls is shown as solid line; normal to the transect is shown as
dashed line. Open circles indicate first sample, triangles
indicate last sample for each station (see Table TI).

Figure 3 STATION LOCATIONS FOR FOX POINT CRUISE. Longitudinal-transverse
axis 1s shown as solid line; normal to the transect is shown as
dashed line. Open circles indicate first sample, triangles
indicate last sample for each station (see Table I).

Figure 4 STATION LOCATIONS FOR NEWINGTON CRUISE. Longitudinal-transverse
axis is shown as solid line; normal to the transect is shown as
dashed line. Open circles indicate first sample, triangles
indicate last sample for each station (see Table I).

Figure 5 STATION LOCATIONS FOR DOVER POINT CRUISE. Longitudinal-transverse
axis 1s shown as solid line; normal to the transect is shown as
dashed line. Open circles indicate first sample, triangles
indicate last sample for each station (see Table II).

Figure 6 STATION LOCATTONS FOR GREAT BAY CRUISE. Longitudinal-transverse
axis 1s shown as solid line; normal to the transect is shown as
dashed line. Open circles indicate first sample, triangles
indicate last sample for each station (see Table II).

Figure 7 STATION LOCATIONS FOR PORTSMOUTH CRUISE. Longitudinal-transverse
axis is shown as solid line; mormal to the transect is shown as
dashed line. Open circles indicate first sample, triangles
indicate last sample for each station (see Table IT).

Figure 8 PHOTOGRAPH OF INSTRUMENT ARRAY
Figure 9 Block diagram of the steps used in data processing

Figure 10 ADAMS POINT PROFILE DATA showing speed (cm/sec), direction, longitude and
transverse velocity components (cm/sec) from 0930 (EDT) to 1205 (EDT).

Figure 11  ADAMS POINT PROFILE DATA showing speed (cm/sec), direction, longitude and
transverse velocity components (cm/sec) from 1221 (EDT) te 1526 (EDT).
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Figure 12  ADAMS POINT PROFILE DATA showing speed (cm/sec), direction, longitude and
transverse velocity components (c¢cm/sec) from 1559 (EDT) to 1849 (EDT).

Figure 13  ADAMS POINT PROFILE DATA showing speed {cm/sec), direction, longitude and
transverse velocity components (em/sec) from 1905 (EDT) to 2059 (EDT).

Figure 14  FOX POINT PROFILE DATA showing speed (em/sec), direction, longltude and
tranaverse velocity components (em/sec) from 0937 (EDT) to 1229 (EDT).

Figure 15  FOX POINT PROFILE DATA showing speed (cm/sec), direction, longitude and
transverse velocity components (em/sec) from 1357 (EDT) to 1734 (EDT).

Figure 16  FOX POINT PROFILE DATA showing speed (cm/sec), direction, longitude and
transverse velocity components (cm/sec) from 1753 (EDT) to 2201 (EDT).

Figure 17  NEWINGTON PROFILE DATA showing speed (cm/sec), direction, longitude and
transverse velocity components (cm/sec) from 0927 (EDT) to 1236 (EDT).

Figure 18 NEWINGTON PROFILE DATA showing speed (cm/sec), direction, longitude and
transverse velocity components (em/sec) from 1250 (EDT) to 1543 (EDT).

Figure 19  NEWINGION PROFILE DATA showing speed (cm/sec), direction, longitude and
transverse velocity components (cwm/sec) from 1606 (EDT) to 1817 (EDT).

Figure 20 NEWINGTON PROFILE DATA showing speed (cm/sec), direction, longitude and
transverse velocity components (cm/sec) from 1836 (EDT) to 2106 (EDT).

Figure 21  NEWINGTON PROFILE DATA showing speed (cm/sec), directionm, longitude and
transverse velocity components {(cm/sec) from 2129 (EDT) to 2145 (EDT).

Figure 22  DOVER POINT PROFILE DATA showing speed (cm/sec), direction, longitude and
transverse velocity components (cm/sec) from 0955 (EDT) to 1250 (EDT).

Figure 23  DOVER POINT PROFILE DATA showing speed (cm/sec), direction, longitude and
transverse veloclty components (cm/sec) from 1310 (EDT) to 1636 (EDT).

Figure 24  DOVER POINT PROFILE DATA showing speed (ecm/sec), direction, longitude and
transverse velocity components (cm/sec) from 1654 (EDT) to 1915 (EDT).

Figure 25  DOVER POINT PROFILE DATA showing speed (cm/sec), direction, longitude and
transverse velocity components {(cm/sec) from 1932 (EDT) to 2100 (EDT).
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Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

26

27

28

29

30

3l

32

33

34

35

GREAT BAY PROFILE DATA showing
transverse velocity components

GREAT BAY PROFILE DATA showing
transverse veloclty components

GREAT BAY PROFILE DATA showing
transverse velocity components

GREAT BAY PROFILE DATA showing
transverse veloclty components

GREAT BAY PROFILE DATA showing
transverse velocity components

GREAT BAY PROFILE DATA showing
transverse velocity components

PORTSMOUTH

trangverse velocity components

PORTSMOUTH

transverse veloclty components

PORTSMOUTH

transverse velocity components

PORTSMOUTH

transverse velocity components

17

PROFILE DATA showing speed (em/sec), directionm,

PROFILE DATA showing speed (em/sec), direction,

PROFILE DATA showing speed {cm/sec), direction,

PROFILE DATA showing speed (cm/sec), direction,

speed (cm/sec), direction, longitude and
(em/sec) from 0840 (EDT) to 1046 (EDT).

speed {cm/sec), direction, longitude and
(cm/sec) from 1103 (EDT) to 1310 (EDT).

speed (cm/sec), direction, longitude and
(cm/sec) from 1558 (EDT) to 1812 (EDT).

speed (cm/sec), direction, longitude and
(em/sec) from 1329 (EDT) to 1593 (EDT).

speed (cm/sec), direction, longitude and
(cm/sec) from 1833 (EDT) to 2045 (EDT).

speed (cm/sec), direction, longitude and
(cm/sec) from 2100 (EDT) to 2118 (EDT).

longitude and

(em/sec) from 0755 (EDT) to 1047 (EDT).

longitude and

(em/sec) from 1111 (EDT) to 1450 (EDT).

longitude and

(cm/sec) from 1519 (EDT) to 1820 (EDT).

longitude and

(cm/sec) from 1841 (EDT)} to 2015 (EDT).



Figure

Figure

Figure

Figure

Figure

Figure

36

37

38

39

40

41

ADAMS POINT CONTOUR PLOT showing speed (cm/sec) from
1033 (EDT) to 1526 (EDT). Contour interval is 20
cm/sec, dashed horizontal line indicates MLW, solid
line indicates water surface. View is looking down-
stream,

ADAMS POINT CONTOUR PLOT showing speed {(cm/sec) from
1621 (EDT) to 2030 (EDT). Contour interval is 20
cm/sec, dashed horizontal line indicates MLW, solid
line indicates water surface. View is looking down-
stream.

ADAMS POINT CONTOUR PLOT showing longitudinal com-
ponent (cm/sec) from 1033 (EDT) to 1526 {(FEDT).Con-
tour interval is 20 ¢m/sec, dashed horizontal line
indicates MLW, solid line indicates water surface.
View is looking downstream. Positive flow corre-

sponds to flow out of Estuary,

ADAMS POINT CONTOUR PLOT showing longitudinal com-
ponent (cm/sec) from 1621 (EDT) to 2030 (EDT).Con-
tour interval is 20 cm/sec, dashed horizontal line
Indicates MIW, solid line indicates water surface.
View is looking downstream. Positive flow corre-

sponds to flow out of Estuary.

ADAMS POINT CONTQUR PLOT showlng transverse component
(cm/sec) from 1033 (EDT) to 1526 (EDT). Contour
interval is 20 cm/sec, dashed horizontal line in-
dicates MLW, solid line indicates water surface.

View 1s looking downstream. Positive flow corre-
sponds to flow to the right of the downstream
direction,

ADAMS POINT CONTOUR PLOT showing transverse component
(cm/sec) from 1621 (EDT) to 2030 (EDT). Contour
interval is 20 cm/sec, dashed horizontal line in-
dicates MLW, solid line indicates water surface.

View is looking downstream. Positive flow corre-
sponds to flow to the right of the downstream
direction.
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Figure

Figure

Figure

Figure

Figure

Figure

Figure

42

43

44

45

46

47

48

FOX POINT CONTOUR PLOT showing speed (em/sec) from 0955
(EDT) to 1951 (EDT). Contour interval is 20 cm/sec,
dashed horizontal line indicates MLW, solid line in-
dicates water surface. View is looking downstream.

FOX POINT CONTOUR PLOT showing speed (ecm/sec) at 2138
(EDT). Contour interval is 20 cm/sec, dashed horizontal
line indicates MLW, solid line indicates water surface.
View is looking downstream.

FOX POINT CONTOUR PLOT showing longitudinal component
(em/sec) from 0955 (EDT) to 1951 (EDT). <Contour in-
terval is 20 cm/sec, dashed horizontal line indicates
MLW, solid line indicates water surface. View is
looking downstream. Positive flow corresponds to
flow out of Estuary.

FOX POINT CONTOUR PLOT showing longitudinal component
(cm/sec) at 2138 (EDT). Contour interval is 20 cm/sec,
dashed horizontal line indicates MLW, solid line in-
dicates water surface. View is looking downstream,
Pogitive flow corresponds to flow out of Estuary.

FOX POINT CONTOUR PLOT showing transverse component
(cm/sec) from 0955 (EDT) to 1951 (EDT). Contour
interval is 20 cm/sec, dashed horizontal line in-
dicates MLW, solid line indicates water surface.
View is looking downstream. Positive flow corre-
sponds to flow to the right of the downstream
direction.

FOX POINT CONTOUR PLOT showing transverse component
(cm/sec) at 2138 (EDT). Contour interval is 20 cm/sec,
dashed horizontal line indicates MLW, solid line in-
dicates water surface. View is looking downstream.
Positive flow corresponds to flow to the right of the
downstream direction.

NEWINGTON CONTOUR PLOT showing speed (cm/sec) from
0954 (EDT) to 1503 (EDT). Ceontour interval is 20
cm/sec, dashed horizontal line indicates MLW, solid
line indicates water surface. View is looking
downstream.
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Figure 49

Figure 50

Figure 51

Figure 52

Figure 53

Figure 54

Figure 55

NEWINGTON CONTOUR PLOT showing speed {(cm/sec) from 1513
(EDT) to 1950 (EDT). Contour interval is 20 cm/sec,
dashed horizontal line indicates MLW, solid line in-
dicates water surface. View is looking downstream.

NEWINGTON CONTOUR PLOT showing speed (cm/sec) from 2027
(EDT) to 2145 (EDT). Contour interval is 20 cm/sec,
dashed horizontal line indicates MLW, solid line in-
dicates water surface. View is looking downstream.

NEWINGTON CONTOUR PLOT showing longitudinal component
(cm/sec) from 0954 (EDT) to 1503 (EDT). Contour in-
terval is 20 cm/sec, dashed horizontal line indicates
MLW, solid line indicates water surface. View is
looking downstream. Positive flow corresponds to
flow out of Estuary.

NEWINGTON CONTOUR PLOT showing longitudinal component
(cm/sec) from 1513 (EDT) to 1950 (EDT). Contour in-
terval is 20 cm/sec, dashed horizontal line indicates
MIW, solid 1ine indicates water surface, View is
looking downstream. Positive flow corresponds to
flow out of Estuary.

NEWINGTON CONTOUR PLOT showing longitudinal component
(cm/sec) from 2027 (EDT) to 2145 (EDT). Contour in-
terval is 20 cm/sec, dashed horlzontal line indicates
MLW, solid line indicates water surface. View is
looking downstream. Positive flow corresponds to
flow out of Estuary.

NEWINGTON CONTOUR PLOT showing transverse component
(cm/sec) from 0954 (EDT) to 1503 (EDT). Contour
interval is 20 em/sec, dashed horizontal line in-
dicates MLW, solid line indicates water surface.
View 1s looking downstream. Positive flow corre-
sponds to flow to the right of the downstream
direction.

NEWINGTON CONTOUR PLOT showing transverse component
(cm/sec) from 1513 (EDT) to 1950 (EDT). Contour
interval is 20 cm/sec, dashed horizental line in-
dicates MLW, solid line indicates water surface.
View is looking downstream. Positive flow corre-
sponds to flow to the right of the downstream
direction.
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Figure 56  NEWINGTON CONTOUR PLOT showing transverse component
(cm/sec) from 2027 (EDT) to 2145 (EDT). Contour
interval is 20 cm/sec, dashed horizontal line in-
dicates MLW, solid line indicates water surface.
View is looking downstream. Positive flow corre-
sponds to flow to the right of the downstream
directlon.

Figure 57 DOVER POINT CONTOUR PLOT showing speed (cm/sec)
from 1015 (EDT) to 1616 (EDT). Contour interval
is 20 cm/sec, dashed horizontal line indicates
MLW, solid line indicates water surface. View
1s looking downstream,

Figure 58 DOVER POINT CONTOUR PLOT showing speed (cm/sec)
from 1654 (EDT) to 2100 (EDT). Contour interval
is 20 cm/sec, dashed horizontal line indicates
MIW, solfd line indicates water surface. View
1s looking downstream,

Figure 59  DOVER POINT CONTOUR PLOT showing longitudinal
component (cm/sec) from 1015 (EDT) to 1616 (EDT).
Contour interval is 20 cm/sec, dashed horizontal
line indicates MLW, solid line indicates water
surface. View 1s looking downstream. Positive
flow corresponds to flow out of Estuary.

Figure 60 DOVER POINT CONTOUR PLOT showing longitudinal
component (cm/sec) from 1654 (EDT) to 2100 (EDT).
Contour interval is 20 cm/sec, dashed horizontal
line indicates MLW, solid line indicates water
surface, View is looking downstream, Positive
flow corresponds to flow out of Estuary.

Figure 61  DOVER POINT CONTOUR PLOT showing transverse
component {(cm/sec) from 1015 (EDT) to 1616
(EDT). Contour interval is 20 cm/sec, dashed
horizontal line indicates MLW, solid 1ine in-
dicates water surface. View is looking down-
stream. Positive flow corresponds to flow to
the right of the downstream direction.
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Figure

Figure

Figure

Figure

Figure

Figure

Figure

62

63

64

65

66

67

68

DOVER POINT CONTOUR PLOT showing transverse component
(cm/sec) from 1654 (EDT) to 2100 (EDT). Contour in-
terval is 20 cm/sec, dashed horizontal line indicates
MIW, solid line indicates water surface. View is
looking downstream. Positive flow corresponds to
flow to the right of the downstream direction.

GREAT BAY CONTOUR PLOT showing speed (cm/sec) from
1005 (EDT) to 1346 (EDT). Contour interval is 20
cm/sec, dashed horizontal line indicates MLW, solid
line indicates water surface. View is looking
downstream.

GREAT BAY CONTOUR PLOT showing speed (cm/sec) from
1425 (EDT) to 1812 (EDT). Contour interval is 20
cm/sec, dashed horizontal line indicates MLW, solid
line indicates water surface. View is looking
downstream.

GREAT BAY CONTOUR PLOT showing speed (cm/sec) from
1845 (EDT) to 2100 (EDT). Contour interval is 20
en/sec, dashed horizontal line indicates MLW, solid
line indicates water surface. View is looking
downstreamn.

GREAT BAY CONTOUR PLOT showing longitudinal component
(em/sec) from 1005 (EDT) to 1346 (EDT). Contour in-
terval 18 20 cm/sec, dashed horizontal line indicates
MLW, solid line indicates water surface. View is
looking downstream. Positive flow corresponds to
flow out of Estuary,

GREAT BAY CONTOUR PLOT showing longitudinal component
(cm/sec) from 1425 (EDT) to 1812 (EDT). Contour in-
terval is 20 cm/sec, dashed horizontal line indicates
MIW, solid line indicates water surface. View is
looking downstream. Positive flow corresponds to
flow out of Estuary.

GREAT BAY CONTOUR PLOT showing longitudinal component
{cm/sec) from 1845 (EDT) to 2100 (EDT). Contour in~
terval is 20 cm/sec, dashed horizontal line indicates
MILW, solid line indicates water surface. View is
looking downstream. Positive flow corresponds to
flow out of Estuary.
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Figure 69

Figure 70

Figure 71

Figure 72

Figure 73

Figure 74

GREAT BAY CONTOUR PLOT showing transverse component
(cm/sec) from 1005 (EDT) to 1346 (EDT). Contour
interval is 20 cm/sec, dashed horizontal line in-
dicates MLW, solid line indicates water surface.
View 1s looking downstream, Positive flow corre-
sponds to flow to the right of the downstream
direction.

GREAT BAY CONTOUR PLOT showing transverse component
(cm/sec) from 1425 (EDT) to 1812 (EDT). Contour
interval is 20 cm/sec, dashed horizontal line in-
dicates MLW, solid line indicates water surface.
View is looking downstream. Positive flow corra-
sponds to flow to the right of the downstream
direction.

GREAT BAY CONTOUR PLOT showing transverse component
(cm/sec) from 1845 (EDT) to 2100 (EDT). Contour
interval is 20 cm/sec, dashed horizontal line in-
dicates MLW, solid line indicates water surface,
View is looking downstream. Positive flow corre-
sponds to flow to the right of the downstream
direction.

PORTSMOUTH CONTOUR PLOT showing speed {(cm/sec) from
0822 (EDT) to 1350 (EDT). Contour interval 1s 20
cm/sec, dashed horizontal line indicates MLW, solid
line indicates water surface. View is looking
downstream.

PORTSMOUTH CONTOUR PLOT showing speed (cm/sec) from
1450 (EDT) to 1922 (EDT). Contour interval is 20
cm/sec, dashed horizontal line indicates MLW, solid
line indicates water surface, View is looking
downstream.

PORTSMOUTH CONTOUR PLOT showing longitudinal component
(cm/sec) from 0822 (EDT) to 1350 (EDT). Contour in-
terval is 20 cm/sec, dashed horizontal line indicates
MLW, so0lid line indicates water surface. View is
looking downstream. Positive flow corresponds to

flow out of Estuary.
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Figure

Figure

Figure

Figure

Figure

Figure

75

76

77

78

79

80

PORTSMOUTH CONTOUR PLOT showing longitudinal component
(cm/sec) from 1450 (EDT) to 1922 (EDT). Contour in-
terval is 20 cm/sec, dashed horizontal line indicates
MLW, s0lid line indicates water surface., View is
looking downstream. Positive flow corresponds to
flow out of Estuary.

PORTSMOUTH CONTOUR PLOT showing transverse component
(cm/sec) from 0822 (EDT) to 1350 (EDT). Contour in-
terval is 20 cm/sec, dashed horizontal line indicates
MLW, solid line indicates water surface. View is
looking dowmstream. Positive flow corresponds to
flow to the right of the downstream directien.

PORTSMOUTH CONTOUR PLOT showing transverse component
(cm/sec) from 1450 (EDT) to 1922 (EDT). Contour in-
terval is 20 cm/sec, dashed horizontal line indicates
MLW, solid line indicates water surface. View is
looking downstream. Positive flow corresponds to
flow to the right of the downstream direction.

Location map for NOS current meter moorings (@)
during the 1975 summer field program.

A summary of the deployment periods of the NOS
current meters.

Representative examples of current direction, D,
current speed, S, and sea level, SL, for six loca-~
tions in the estuary. Each 24 hour data set starting
at 0400 EDT (0800 GMT) was chosen to coincide with
the date of a UNH profiling cruise. The most ap-
propriate current and sea level record for each
particular UNH cruise is shown. For 8 July 1975
only the UNH sea level is shown. The fellowing
indicates the date, current meter identification,
and tide gauge identification for the other data
shown;

22 July 1975 Cl24 T-16,
5 August 1975 C135 T-14,
19 August 1975 Cl24 T-14,
10 September 1975 Cl131 UNH, and
24 September 1975 Cc119 T-11.

Missing current speeds have been assigned a zero value;
the observed inverted spikes in the 19 August and

24 September data coincident currents direction values
appear to be spurious.
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Figure 81

Figure 82

Figure 83

Figure 84

Location chart of the NOS/UNH sea level monitoring program.
Each division of the estuarine length scale correspeonds to
.5 kn.

Sea level data acquisition summary. With the exception of
the Adams Point series, all were obtained from NOS ADR
(see text) tide gauges.

Examples of sea level from the Portsmouth Yacht Club,
Hilton Park, and Adams Point locations within the CGreat
Bay Estuary.

Summary of tidal elevation distribution within the Great
Bay Estuarine System. The distributions of 7-day mean
high and low water (MHW, MLW) relative to a horizontal
surface are shown below. These are compared with in-
stantaneous sea level distribufions shown for slack high
and low water (SHW, SLW) and mid ebb and flcod at Dover
Point for 15 July 1975. Above the phase distribution
of high water relative to Dover Point is shown.
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10°507 Ve 70°40’

Figure 1 Sample locations for summer 1975 experiment, 13-hour UNH transect
indicated by (e ).
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CONTOUR INTERVAL 2 METERS

Figure 2 STATION LOCATIONS FOR ADAM'S POINT CRUISE. Longitudinal-transverse
axis is shown as solid line; normal to the transect 1s shown as
dashed line. Open circles indicate first sample, triangles
indicate last sample for each station (see Table I).
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Pigure 3 STATION LOCATIONS FOR FOX POINT CRUISE. Longitudinal-transverse
axis 1s shown as solld 1line; normal to the transect is shown as
dashed line. Open circles indicate first sample, triangles
indicate last sample for each station (see Table I).
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Figure 4 STATICN LOCATIONS FOR NEWINGTON CRUISE. Longitudinal-transverse
axls 1s shown as solid line; normal to the transect is shown as
dashed line. Open circles indicate first sample, triangles
indicate last sample for each station (see Table I).
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CONTOUR INTERVAL 2 METERS

Figure 5 STATION LOCATIONS FOR DOVER POINT CRUISE. Longitudinal-transverse
axis is shown as solid line; normal to the transect is shown as
dashed line. Open circles indicate first sample, triangles
indicate last sample for each station (see Table IT}.
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Figure 6 STATION LOCATIONS FOR GREAT BAY CRUISE. wlongitudinal-transverse

axis is shown as solid line; normal to the transect 1s shown as

dashed line.

Open circles indicate first sample, triangles

indicate last sample for each station (see Table II).
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Figure 7 STATION LOCATIONS FOR PORTSMOUTH CRUISE. Longitudinal-transverse
axis 1s shown as solid line; normal to the transect is shown as
dashed line. Open circles indicate first sample, triangles
indicate last sample for each station (see Table TI).
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Figure 8 PHOTOGRAPH OF INSTRUMENT ARRAY
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RAW DATA ON CHART PAPER

DIGITIZED BY HAND

PUNCHED ON CARDS

PROGRAM TO CONVERT FROM RAW DATA TO
.ENGINEERING UNITS

INPUT
SUITABLE
CONVERSION
FACTORS

SET UP DATA LIST BY STATION WITH
THE FOLLOWING PARAMETERS;:
Depth, Speed, Direction, U, V

Tty A ———— —

EDITING

CARDS PUNCHED BY
MACHINE WITH
REDUCED DATA

USE DATA TO
MAKE CURRENT
ELLIPSES

PROGRAM TO COMPUTE LONGITUDE AND
TRANSVERSE VELOCITY COMPONENTS

CARDS PUNCHED BY MACHINE WITH FINALIZED DATA

PROFILE AND CURRENT SECTION GRAPHICS PROGRAMS

FINALIZED DATA PLOTS

INPUT
LONGITUDINAL
AXIS

Figure 9 Block diagram of the steps used in data processing

34



*{I49) 9ZST o3 (I4d) TZZT woxy {o9s/uo) sjuauocdwod L3TOOT2A SSIPASUBRIL

Pue 2pniysuocT ‘UoEIDBIATP ¢ (D9S/md) poads Bumouys VIVA A1LM0MG INIO S WVAV  TT 2in3Td
gzat L5 reel 02
- 9081 vt - 0gE} 08} orzt -
-—- £2r1 _ e -

1ot
. 2 . 3 . 5 . \ r t _ t “ b “ ! “ 5 0

00% 5 ‘ooz- (J3S/WI) ININDJUDI 3ISHIASNHML
§2581 LSET . 1221 102

= gogs arey sel. ogE1 SO€} _ 0¥zt ="
--- 211 --- -

1ot

002 b tooz- (J3S/WI) LININOJHDD AUNIQRLIONDT
8291 1 122Y gz
- 80ST gret Lsel_ otel S0e1 _ orz1 T

-—- - ezv1 _ - -

1ot
L) W ¥ W |n| .W F # L N n W L) -@ L) .w - T _N D

gk gel b (3NY¥L 930 NOILJ3¥IA
9z81 LSgt 1221 102

- 8031 gr¥l -—= DESt sogt orel -
{ct
o et

FA
00% " 001 b (238/W2) 03348

SY313H

SY3L3AH
36

SY3i3H



*(1a3) 6%8T 03 (1qd) 65ST woay {09s5/wd) sjuucdmod LITIO0T34 ISAJASURIY

pue apniTBuol ‘uorideilp ‘(oos/wd) peads Buymoys viva ATII0Ed INIOd § WVaAV 2T 2and1g
102
L2817 8Lt 11L] 1293
6981 _ - 2181 _ - yeLY - 1991 T 6981 _
1o1
T & e ¢ &t & % 0
0085 b ‘otoz- (J38/HJ) LN3NDJWOD 3SYIASNEYL
. 02
L281 1LY 134 1291
grat _ T 718y _ —T 6Ll T 189l | T 6adt _
1ot
e S S S "
0ot F 6oz (J38/WJ) IN3NDLJWOD TUNIOALISGNDT
102
Lzel 1Ll 1281
6981 _ - - YELL _ T 89F _ - Bss} .
o1
—_——— % o
psk OB T b (3NYl 930} NOILIANIA
joz
L28! 1941 Lt 1291
6481 b 2181 - reLt T 1891 T §54% _
1ot
b ” 5 £ " 5 { " 5 " 3 " 5 “ ) 0
00% o0V b (038/KJ) 032dS

Sy3 13l SY313H SH313M

SY3L3Y

37



*(1a3) 6507 03 (Idd) SO06T moajy (09sfud) sjusuodwod £IT00T3A BSISASURIY

0z

pue 2pn3iT3U0OT ‘UOFIDAITP *(DI5/wo) pIads Burmoys VIVA FITI0Nd INIOL SRVAV €T 2an3T4
6302 _ 0802 _ og61 0ssl S061 _
we _ 8102 _ - ]
—_— %
o0 T & ‘o0e- (33S/HJ) LN3INQJWOI 3SUIASNBYL
6502 _ 0502 _ o881 o081 _ S061
oz 8102 T
" 5 . 3 " : " t . 5 " £ ' S
. 005 5 ‘o0~ (J38/HI) LINANOLWDD TENIQNLIOND
6902 o] 4 gE61  SOD&!
- == 9581 == —
SY0Z q1of-"
r w + w + w } ﬂ t w t w + w
ok~ 08T b (3N¥1 -930) NOILJIUIO
6502 _ 0E0Z _ 9351 0681 _ 8061
sz, 8102 _ iy )
—_—— T
{3358/HJ) 03348

008 ooy b

o1

ol

ot

8¥313K SY3L3N

SY3i3K

SY3L3un

38



"(10d) 6Z2T 03 (L4F) LE60 wWory (9vs/md) sIusuoduod LIFIOTOA 9SIPASURIY
PUE SPNITBUOT ‘uoTIVRATP ‘(0as/wd) poeds Furmoys VIVA ITI40MA INIOA X0 T oanSia

0z
Lozt el 6601
6zzt - --- A 836 __
. il 6501 8101 LE®
i - ---  joi
b ; - ¢ + 4 t ﬁ } ~ ' _ ‘ - }
: 13 Y £ 5 ¥ % ¥ 7 + A ; * o
ao . 002- (J3S/HJ) AININQLHOD ISYIASNDNHL
joz
LDZI 2211
6221 == - B0l _ ss6
pl Wil 6501 8101 Leg
“ " --- -— 1ot
| I N VR R S SR
2’ 3 . v i g’ ' N i g ) N ) gl ) : 0
ooe b ooz~ (JAS/HI) ININOLUWOID TIENIGQNLTANDT
02
Lozt zz1l
6221 i - 601 _ §86
A5 il 680 2101 LEE
_ === - -— 101
. . L. | | R
; v ¥ e N S N 0
osE " oeT b (3NYL *930) NOIL1J3WIO
102
Lozt 7341
6221 T - Beot _ _ 986 __
- 2L 6801 101 LEG
- --- ---  {o1
, ~ “ " . . A . . . _ N , . ﬁ . . M R . . Y il
z s ' e £ y £ 2 0

0% oot~ b {338/KJ} 03348

$4313H

S¥313U

39

S¥313U

8¥313W



- (1ad) %6LT ©3 (Iad) £GET woajy (23s/ud) gjusuodwoo £3TO0T3A 9518AS5UEI]
pue apnifduor ‘UOTIIAIIP ¢ (O3S /WD) paads 3uisoys VIVQ dT140dd INIOd XOJd ¢T 2an8Tg
091 6z
8c91 oo 918l _ szhl
--- 9¥S1

YELT _ ol AN LA LSEL .
pil g -— or
. > . 1 . N R } % ; . 3 " 0

002 ] agz- (338/U2) LIN3INDSHOD ISHIASNHML
6091 432

6£91 === 918t _ s2rt
Qﬂhlﬂll -== m*ml«ll _vm*l.—!l Les1

. BILl ——- 1ot
¥ 5 1 " t . 3 ' 3 R w 2 ¢ % 3

002 " B ooz- {(J35/W3J) IN3NDLHOJ TENIONLIONDT
1 102

6E€Q1 mO@II.. 0_—0....—.!! mNTIﬁli

oLl -—- arsy ¥SYT )
- 8ILt LSEY | I
' 5 . ; ; “ } " 3 " g k 3 0

: 09E 81+ b {3ANYL *930) NOILI3INIQ
0z

6E91 S0 aidl sart _
reLl == 8¢81 ¥Sri

=== oLl --- eserd
: £ ' £ + 5 + £ + + ' £ } 5 + w ; 3 g

pof ooy & {J338/U32] G334d8

SY3L3U SY3L3H SY3IL3IU

SY¥313N

40



“(Iad) t1ozz ©F (1ad) €SLT woay (o9s/wd) sjusuodwod AITO0T2A ISIIASUEIY

pur apnjFduol ‘UOTIIBATP (998 /WD)

paads 3utmoys YIVQ FITI0dd INIOL X04 9T 2an3T1d

ENZ 2102 _ esLt _
, 9C1Z _ 1861 .
0. 9881
$ N ’ / : - A o .— .
1 e € ; € i z _ U . 3
00% b ‘Doz~ (J3S/HI) .N3INDJWOJ 3FSUIASNBYL
€11z _ 2102 _ esLl _
10z BE1Z _ 1861 _ |
. 9gsl _
. | J . I
1 ' ¢ 3 € 2 M 1 . £
00T b5 ooz~ (D38/WJ) ININOLWOD TIBNIANLIONDA
€112 _ 2102 _ eELY
LT 1861
1022 acst
b ) | -
1 ' Z 3 i E . 2 ) 1 ' €
13 081 h (3n¥l *930) NEILO3¥IC
§112 2102 _ £8L1 |
i o€1Z _ 186
0% g8l _
Y . I S T
i 3 . 3 £ ) 3 i Z - 1 ' 3
pod B01 B (338/KJ) Q33dS

| 02

JZ

0t

0

ne

01

02

a1

S¥313U SY313MH SY¥3ILIH

S¥313U

41



*(1ad) 9£2T ©7 (L4d) £760 WOl (92s/mo) sjuvsuodwod AJTI0TPA ISIdASueIly
puE Spn3iTBuoy ‘uoyIDBATP *(29S/WO) poads Buymoys yiIva F1I40¥d NOIONIMAN (T 2an3yg

102
gy _ oYLl 2213 La01 ves
8621 Lsit | vear _ L8 __
A a V \v jo1
b e ———
002 5 ‘poz- (J35/HJ) ININOQJHOI ISHYIASNBYL
> 702
s121 orit 2218 180t _ vee
oczi LSTL yeol 36 __
250 y o1
—t ' £ ' 3 + A : » £ £ ; £ - ; o
(1] ¥] B tooz- (J3S/HI) ININGHWOD THNIAN1IONDT
joz
el oriy _ 2211 £S01 _ S6
Lsti - reo1 zs | -
8€Z1 _ — 1~% =
———— e ———
) asE—" g6y o (ANHL "930) KNOIL1J3EICA
102
m.—N..ﬁ.... ar —uﬂll Z211 Pwn...._!- Avm.m......
Lg11 , yeot L26
9g31 _ —- m - 1ot
; ; ' + * £ " > ' % ' E + 3 £ : { o

T B (238/HD) 033dS

SHIL3K SH313UW
42

SH313U

Sy313u



{1ad) €vST 01 {(1Qg¥) HGTT woiay (oS fwd) gjuauodwed LJFOOT2A 2SIDASURIY
pue apn31T2u0T ‘uoT3loIATP ¢ (098 /wd) paads Burmoys VIVQ FIII0¥d NOLONIMAN 8T 21n3y1

€981 £081 _ —_ LEc 0821 _
Pyl T T et
9281 _ aovi 4
£ 1N L # T M LJ w L M T # w L] L r LI

’ € 2
00% b ooz~ (387U} LININOLHOD ISVIASNUNL

E¥St _ €0s1 _ 121 Lsg1 0%t | g
el o - 1er
szst _ 60%1 ]
N F # Ly M T " L N L] .# L M L] T L]

£ . z
005§ oozt (J35/WI) ININQLUOS THNIONLTANDT

st _ €0si__ 1291 Leet szt _
eVl - T el
9281 _ 20¥1 1
r 5 + { . 3 " E + 2 = — ' F— 5
. ook Y3 b @NYL *930) NOILJ3YIO0
€rsl €081 _ 1241 LEET 03zl _
rrrl - - 11
9281 _ m/ F 801 ]
T e e 2 T S S

goé  opet - D {J3S/WJ) (33d4S

SY¥313H

SH313M

43

SY313N

SYALAN



*(LaA) 18T ©3 (Ia¥) 909T woiy (ves/wd) sjusuodwod LIFO0TIA ISIDASURA]

SY3I13H

44

puE apniIT3UCT ‘uU0LIOVATP ¢ (99s/wo) poeds Fuimoys YIVA T11J0Md NOIONIMAN 6T 2an31i
2081 _ 6391 _ 1291
L1y _ Lut 9091
oyl ot _
-R ' . ) ; _ A. . J " L " M N
£ ) 1 2 ) £ ) 2 ’ 1 j 2 ' €
o0 0 DoZ- (A38/W3) ININDLHOI 3ISYIASNHHL
102
z081 658t _
18 Lt 1291 _
181 - el 9091 |
’ === o1
orLl 9v91
£ 2 T T — ¢
Qo2 b pog- (J3S/HI) LININOJHOD TUNIGNLEIDNDT
2081 _ 6331 _ 1291 _
(el === Liet | sost |
arLt 991 _
h _Il.llll”lllﬂﬂ..ll $ $ x " : - N
€ 2 i 2 £ 2 ) 1 ) z j £
ook [T)] b (IN¥l *930) NPILIIYIQ
2081 6991 _ ]
148 e 1291
L18l - Ly s0st |
orLl stel_
L, h ( 5 L
3 z ' 1 ' ¢ ' t ' 2 j Y ’ ¢ j £
00Z ~ Qot = 0 (338/H7) 033ds

SY¥ILH

S¥3LIM

SH313H



*(1aE) 90Tz ©3 (Ig¥) 9€8T weay (99s/wd) sjusuoduwod A3TO0T2A 2S19ASUBIY

G2

ot

0z

01

pue 2pnlt3uol ‘uoyridairp ‘(93s/wo) pasds Jurmoys yrvQ AT1408d NOLONIMIN 07 2andrg
soie _ Ly02 1202 _ 061 cest 5161 _ scal
L0602 _
2061 1
202 b ooz (33S/HJ) LNIANDJLWBI 3ISYIASNBYL
9012 _ Lroz L2032 Q361 96! STl _ 9ER1
L00Z --- T
~ 2061 l
¥ t t ¥ v t 1 T L T T t $ _/ . } M
3 £ z 1 2 £ z ' 1 . Z
o0z b ‘ogoz- (J235/H31 UIN3INQJHOD TYNICGNLIIANDT
0z, Lroz 1207 _ o8l . stel | seol
Looz === T
— 2081 1
. 3 . £ ? =3 . 5 . 3 ” T ; " b
. 09E 081 p (AN¥Ll "330) NOILJO3NWIO
sz, LYoz 1207 AN . siel_ seal
L0097 - T
3081 ]
. L . 3 . 5 = 3 = . 5 " \ * t
002 B (338/H2) 033dS

0z

ot

0

0z

SY3IL3M SY3IL3U S¥31l3M

Sy¥313u

45



*(LaA) sv1Z ©3 (Lad) 671¢ woaz {oasjwo) sjuauocduod LITI0T2A 9S5I9ASURI]
pue opnit3uoy ‘uoyiIdaATP ‘(99s/wd) pesds Juymoys vyIVA FTIJ08d NOIONIMIAN

gSyiz

= 8Z1¢

0z

o1

¢

1

02

ot

00 b o0z~ (J38/WJ} IN3NDJNOD 3SYIASNUYL
Y12
- 8212 _ |
- % 4 T
oo § 00z~ (J38/W3} IN3NOJWOI TYNIONLIONDT
Sr1z

Ee—— )

- 8213

]

T J T

02

o1

S . i
b (3N¥L *030) NOI1IINIA
]
arid
=== 6212 _ |
¢ 3 f= .#

oo¥ 00Y b

t33S/HI} Q33dS

SYI13uW

S¥3LaW

Sy3Ll3HW

1z @ang1g

46



(Iqd) 0TI ©3 (Igd) 5560 woxl (das/wo) sjuduodwos AJFO0TIA ISIdaBURI]

o2

ot

0z

ol

0e

a1

0z

01

pue 9pn3TIUOT “uUOTIDBATP ‘(93S/wd) paads Buimoys yIVQ FTII0Ed INIOA ¥IAOQ 72 2andyg
6021
0921 —-- - 0011 g0l s101 _ 5%6
T oril m
- 3 3 3 ' — T T 3
002 0 002- (J38/UJ) LININODLHOI 3SHIASNHYL
8221 0021 . .
0SZ1 = --- 0011 LE0Y s101 386
T ortt T T T
— e —p et
0oz 0 ocz- (J35/7W]) AIN3NOLKOI TTUNIONLIONDT
00z1 ,
082! - 0ztt _ 0011 Legtol 356
T oYy - T 7
—t y——— N S S
08k o8t o (3NYl -930) NBILJI3¥IA
8221 0021
0821 —-- --- 001t LEOT 8101 586
oril " - == ===
t t . ¥ — y . 3 . i w 5 “ 3
poZ” T 0Rl T B (I3S/7HI) 03348

SY313H S¥3L3aN S¥313H

I EVE L

47



<{1a3a) 9¢971 03 {(1ad) OIET woxl (29s/wo) sjuduodwod L0794 2819AsUBIAY

114

ot

4

SY3L3U

=]

¥4

at

02

pue apnilf3uo] ‘uoT3oLaTp ¢ (995 /wd) poads Buimoys YIVA AT140¥d INIOQ ¥HAOQ €7 2an814
9€91 o1t S0%1 2rel 1
- si81 oosi --- oeyt - T o1e1 _
=" " o 3 ; _ £ c T
005 0 00%- (33S/UD) LNINDLUDBI 3ISAUIASNUHL
s0v1 vl T
- 9131 o008t = 0§t - - 01l _
e e
pof & 0oz~ (J3S/HD) IN3NDJKHOJI TENIQALIONDT
9g91 0151 surl st 1
T 8191 T oevl - R 0rgl _
) JH L) N T .W -ﬁ T L] ¥ N L3 JH n "N
09€ 081 b (ANYL 930) NOILJ3ANIQ
9£89} 0181 SO Zrel
mTT 9191 0081 - peYl - === otst
F
oSS —— o ———

(338/W3) 03348

0

SY¥313MU

S¥3L3M

SY3I13H

48



"(1Qd) ST6T 03 (Iad) %$9T moa3J (09s/wd) sjusuodwod LITOOTRA 25IDASURIL]

02

c1

02

o1

pue °pn1Y3uol ‘uof3nairp ‘ (des/wo) paads Juymoys yIVA ATI408d INIOJ WIAOA vz °andTd
£rel boal ys91
161 _ €081 _ - (201 6bLT GaLt A
e T AN
3 ] . : ” 3 “ 5 " ] " ) g 3 ” 3
i}/ 500z~ {23S/RD} 1ININDJKDD 3JSUIASNHYL
£rel 808} ¥391 .
S161 €061 - Lza1 evLl 62Ll _ -
=== T rATA N
. e . 1 . k2 . ¥ " ; \ 3 . 3 SR
o0z b "poz- (J33S/U3) LIN3NOGJHOOD ABNIGNLIONDA
€rgl 8081 _ YS9l A
R AN T L8l YLL salt . —--
- J B Ty
: : T S e Y S
* pgE 081 b (ANYL *930) NDI1J3¥IQ
£rel 808}t yS9tT 1
3161 namwr - Lz8i s¥LL 63L1 _ L
- - rAVA S
¢ T M A S TSN N
608 0o b {338/42) 03345

o

0z

ot

SY3I13W SY3IL13NW SY3L3H

S¥313U

49



*(zad) 00Tz 03 (1dd) ZEAT woay (035 wd) gjuauodmod £1T2072A 9SI2ABURIY

pue 2pn3iT3uol ‘uOTIDAATP ¢ (09s/uwd) podds BuTMOUS VIVA A'1I40¥d INIOd

¥AAOA  GZ 2an3ry

102
0012 ALT st 5002 _ ere. ze61
10
' 1 ' ; + ; — " + | ; 0
oge b To0o2- (338/UWJ) LN3INDJUOI ISYIASNBYL
202 v jo2
0012 "z _ senz . 002 _ et 2e61
01
———— e,
008 B 00¢- (I38/KHJ) IN3INDJHOD TYUNIGNLIONOT -
2202 761 102
0012 _ ¥02 L 8002 _ ol 2e61)
ot
! w ' =X 4 4 : 4 1) ® 0
osk et o (3NYL *930) NOI1J3WIO
2202 oz
0012 _ reoz " 8002 _ ey 2881
= .t .t i R o
00% 0T b (J38/W3) 033dS

SY3L3U SY313U S¥3.13U

SY313H

50



*(1aA) 9w0T 03 (1dd) Oy8O woxj (9@s/wd) sjusucdwod AJTO0T9A PSI2ASUELT
pue 2pnipBuol ‘uoridsayp ¢ (vasjwo) paads Burmoys yiva AT140¥d AVE IVIED 97 2and1a

30z
2g0l 8001 _ YES Lss
8¥01 _ 0201 _ 886 916 __ org 1%
] ,_ 0 N A N
t i 2 i £ ' e ' 1 i ) ' £ j e ) 1 0
o0é = 0 ooz~ {J35/7W) ININDJWDD 3ISHIASNLYL
102
€01 _ 5001 ¥e6 Ls8
gral 020} _ SS6 916 __ ors __ |
b -\- 1 H 1 ' f. 3 h. s \- I ﬁ ) t v. rl A Il 'l = 1
1 y 2 ' 3 ] 1 " ) ) £ ' 3 ) 1 ¢
008 F gz~ (J3S/NJ) ANINDJHO3 YUNIONLIIONGT
302
40 ) I s00% _ ¥es Lss
9r01 _ 0z01 586 918 _ E,m..“.a_
' -\- i W. 4 \lIlL Il Il 1Y \-ﬁ .Ilﬂv- s W~|"—||
1 ) ¢ ' 13 i 2 ) \ i Z ' 3 ' Z ¥ 1 0
ok BeT  + b (3N¥l *9530) NBILIIHIC
Joz
2801 _ S001 ¥E6 L88
a0l _ czol 836 __ 916 __ org 1
N e - ) M . ) N L P , et N . q . ) 2 " A N R -
1 2 i £ ' e ¥ 1 i 2 g i e ' X 0

008 oo b (338742} 033dS

Sy3L3AN S¥3l3ad
51

Sy¥313H

Sy¥313l



*(Iad) 01T 03 (1@4) €OTT woiz (o®s/wo) siueucdwod LIFI0T2A ISIDASURIY
pue 2pnji8uol ‘uoTIRALP ‘(095/wd) paads Bupsoys VIVA ATIIOMd AVE IVEMO /g 9Indyg

102
01E1
1 Lozt
9ezi _ o). ort: €011
5221 - == 101
9821 _ ssi_ A sz11
-J F — F T Ll N b _.. e r -... " .N
p ¥ 3 ¢t
pne @ & 002- (J38/HI) LINANDLUDD ISHIASNHEL
j0z
o1gt
A58 £021
g€zl _ ——- orti a1t
s§z21 -—- — o1
wwmwi .M- 8s1t _ s211 M

. . . AY .
H ’ 1 iy H ) 3 i < i ! ) T 3 ik b2 0
b ‘doz- (335/WJ} IN3MOJROD TYNIONLIONGT

oo "
702
0161
o se2l _ Loz _ orit €011 |
82zt - - ot
9sz1 - CE SZ11
R S W Y R S-S
2 i 2 £ i 1 ) ] t _ 13 0
ook 08} b (3N¥L *930) NRILJIWIO
102
o1ET
T seel Lozt _ orit £ot1
s2zT1 T "oy
mmwlﬂll ——— mm ﬂ'ﬂll MN.— .—
A AN U NN U GO S e
3 i t y 3 t . ! ; } 3 . 3 0

T ) M | (338/7UD) 03348

SHI13u SMJIL13W
32

SH¥313U

SYdL3I



*(1qd) €%€T 03 (1aA) 6CET woay (93s/wd) sjusuodiod A3pooTaa Isazasueal
pue apniT8uol ‘ucrzdaITp ‘(29sjwo) poads JFufmoys V1ivd FITI0dd AVE IVvAYS 8¢ 2an3T4

2281 _ ySrL sery -
£rst 6081 _ orrl corl 62E1 qot
! ’ ' V + + i v _ _ v
£ H i Z ’ E i z 1 ’ 2z o £ 0
o0 = B 002- (338/KI} ININDJHOI 3SUIASNEAEL
o2
2281 _ yS¥l ser srel
£rst 6091 _ O¥Hl covi g2g! 101
P S N o R )
g 2 . 1 ) z 0 ] ’ 4 ) 3 ’ ' i £ 0
e0f " § oz  (339/WD) LNINDJHDD TUNICNLIONDT
102
2281 ysyl szr1_ el
€Sy 60S1 _ oYyt €091 6281 _ I b
— ...,.... " N — N N Y " _ ﬁ N N F
£ e i ' 2 ) $ o 2 ’ 1 ’ z £ 0
. pet BeY b (3NYL *930) NOQILI3IYIO
192
2381 _ S szrl _ g¥El
€rs1 _ 8081 _ oryl covl eze1 |01
= s .:....1 " + . N : N N N F . N P . L . . A
£ 2 1 e N € i 2 i 1 ) 2z N € 0
ppz 00t @ B (338/W3) 03348

SY¥3ILIU

33

Syd13u

S¥313H



“(1ax) ZI8T 03 (10d) B8GST woay (09s/wd) siuduoduwod LJF20T94 9519ASURI]
pue apnitfuol ‘uorld9iTp ¢ (0@s wd) poads Fupmoys YIVA FAT1A0¥d Avd IVIED 6z 2a1n314

102
zrat oeLt 2891 _ L2at 8881
ssLt oLl _ 10t
- Pl aler.
: . ) o D
' ) ' . 1 ' 3 v € ' 3 ' \ ' 3 9
00% 5 ooz (J38/KI) LININDJWOD 3ISUIASNHYL
102
218t QELT _ 2891 Lesy 8831
8541 oy . 10
plyig .vv@l—.il m—w|__.|l
B . ) {l o,
' 2 $ ' 2 ' Y ; ) ' 3 ' 2 j ) ) z 0
035 "5 "ozt  (D3S/HI) IN3NDJINGI TUNIONLIONGT
2101 oeLt _ 2891 _ Lesr 8ss} |
85LE o:.l.ﬁll 1ot
- uflirlmmT. . K ) m. ) X i \ . ) L ,
[y N m L N T M ) N L 3 w r N L LS L) w ﬂ
osE B8y b (3N¥L *930) NOILJ3INIQ
z181 _ sl 2891 L29r | sssr_ |%
saLl oLl aist qo1
e 99) -
N ) h . | . X Sl |
' ) ’ € ' ¢ ) 1 ' 1 j Y ’ < ' 1 i 2 0

00 00t T b (J3S/HD) Q3348

SYI1AH S¥313N
54

S¥313u

SY313u



*{(1a4) 640z ©31 (1gd) ££8T woaj (09s/wo) sijuauoduod £1TO0T9A 25IDASURIY

0z

o1

0z

ot

=]

0z

a1

0z

o1

puE 2pnITSucT ‘UoT1DaaTp *(09s/wo) paads Buymoys yivq I1IJ0¥d AVE IVAMD  OF 2IndTi
9202 S61 tisl
“ ? e - sral
sr02 002 _ seel. el eesl
a Y . P £ * 5 " — 5 y t ' ) u :
o b ‘ooz~ (23S/WI) LN3INDJHDI JSHIASNBHEL
9202 e¥61 rigt
A ! - srel
sr02 ¥002 _ 86l . eeL. cesl _ )
—_————— ey
g0 5 ooz~  (J38/HI) LININCLUBD JINIQALTIANDT
9202 srel riel
- - SYg1 _
8902 Y002 _ 6261 _ ssel. Ty
. X . 5 ' 3 " g y ; " 5 ' t ” % . i
- ost 9T+~ b (3N¥l *D30) NOILIIWIO
g2a¢ S¥B1T 123108
m - 5¢81 _

5402 Y002 _ 626! ssal gcey |
| o S N G SEr <
1 3 £ z v 1 ) e ) 3 ’ 1

00 oot~ O (038742} 03348

S¥313uW Su313NH SY3Ii3l

Y ENE

55



*(1ad) 8TTZ ©3 {1aF) 00Tz woiay (oes/wo) siusuodwod L3Fr0TeA @sisasueil
pue 9pnitduct ‘uor3Ivaarp ‘(09s/wd) paads Jummous VIVQ ATLI0¥d AVE IVIYED

Ja2z
oo_luul
1ot
wSu«...
, LY .
. 3 v 2 0
002~ 8§ 'o0z- (338/42) LNINDJHDID 3ISUIASNUYL
102
0013 _
101
m:..uul
N I, .
) . 3 ' z ¢
00g 550z~ (J3S/WI) IN3NOJHOI TBNIGNLIANDT
0z
ooz
at
etie
. s ./ 1 4
e o € ) e "o
05k et~ o (3NY¥L *930) NOILIIMIA
og
oaﬂnmnn
01
oana
j — i r o
” W T M |Iﬁ
YA T) SR | (338/H3 033dS

1¢ 2an8g

S¥313u SY3 L3N SYILANW

SY3A13K

56



" (1ad) /90T ©3 {1ad) SS/0 Wolig (Oss, wmd) sjusuodwod AJTIOTIA 2SIDASUBRIY

pue spniTduoy

‘UoTITBATP ¢ (09S/uo) poads Bumoys VIVA TTII0¥d HINOWSINOL  z€ oand1a

060} 0ss 316 s28 a2
Lr01 88
o 939 --- ot
- 866 -.H. M

g 1 ¢ ; " £ 5 . X * Z _ € “ 3 . 1 o

poZ D 00z~ (33S/W3) LNINOLHID 3SYIASNHAEL
DEDL 086 816 _ 228 j02

Lrat SSL
=TT 1101 g8se -—— 61
--- 88 N- m

3 . z _ 3 ? _ ; . £ ” 3 ” 3 ¥ ; 0

00e b ‘ooz~ (335/UJ] ININOJWOT TENIQNLIONDGT
) 086 __ S16 728, N LU

Lyol sst

.- . -]
o1 _ as omm.,HJ M ot
’ 1 . T “ 3 5 " { _ 5 ) 3 , 3 I 0

09§ o8y o (3n3l -330) NOTL334I0
oent 086 __ s16_ z28 4 02

LYol 112
o 1101 sse -1

== 8E6 __ ..\ll h
— % e e 0

ppZ L oor D (235/WJ) Q33dS

S¥3Ll3M SHILIW Sy3L3M

S¥313d

57



*(1qd) 0SYT 03 (I0d) TTIT woay (oos/wo) sjusuoduwed AI1TD20T9A Is13ASURII

1FA

ot

3z

ot

02

ae

ot

pue @pniFIUOT ‘UOFIIRATP ‘(025 wo) poads Jurmoys VIVA ATII0¥d HINOWSINOL €€ 2anStg
osrt _ 0SEL vl vl Iy
ogr1

--- goel s221 _ 2811 ]

— Y & - e W A RS S :
002 0 00e- (33S/HJ1 ININDJLHD] 3SYIASNHYL
Omvlui.. omnl.—ll Nth—..l arl it

oer1

- foel. 9721 _ ZELL _ .

L N . .— v 5 ’ _w ’ ."N g w b 2 - 1 + v
geZ =~ b ooz~ (J3S/W3J) LIN3INDJLWOI TBNIANLTINDT
DW'I—II Qwﬂ...-ll NleﬁI... S¥1 1117

0EF¥l
& 901 _ 23 2011

=t ' i . 5 . 3 ) AR _ ? X 3 . ;
osE BT T b (3NNl *930) NOTLI3INIQ
gsrl 0s€l crzl grt 11 ;

oery

-=- 80€} | sz21 ze11 1

. 5 . I t . 3 5 " \ . 5 k 3 L )

aoe 001 T O (338/UHI) G3348

G

S¥3LIM S¥3L3u SHILIW

SYILAW

58



- (1a3) 0z8T wu (1q3) 6767 woxl (o9s/mwo) sijuauodwod L1T00T3A @8I3ASURI]
pue 9pniITZUOT ‘uUOTIdBITP ‘ (DIs/wd) paads JurMoys YIVQ ATII0¥d HINOWSIMNOL %€ sxndyg

eret . 00L1 s181 _ gesl 0z
9281 621 arel x €09} 8ISt 1ot
/ ‘ \ / ( ,
y + : i ¢ ‘ : ‘ v ' s ' ) h : : ' 9
13 2 1 2 £ A 1 2 €
00d = b o02- (238/W3) ININDJLWOID 3ISHIASNHYL
LrLt 0oLl s181 _ sest Yoz
9ze)
—— B2L1 srgt ﬂ €091 _ 6181 _ {01
! J o A 5
3 . 2 ' 1 2 £ é ) 1 M 2 £ a
005 b 'ooz- (D3S/WI1 LN3NDJWOD TYUNIQNLTINDT
LrLt 00L1 sig} _ sedl 02
1
szet baLl SK91 €091 6181 {n:
£ ) 2 ) 3 ) e ' 3 T2 i 1 . z ¢ J
0sE "ol b (INYL '930) NOILI3¥IA
Lrel 0oLl 8191 sesi 102
8261
AN e2L1 sral _ €081 6181 414,
r L M f . f . | | | J | | ﬁ_ 4 i /
3 ' ¢ " 3 3 3 3 1 2 ) 3 0
002 ] 0 (33S/4J) 033dS

S¥3L1FU SHILIK
59

Sy¥313H

SY3L3IN



*(1Gd) $T0Z ©3 (IQd) THYT woay (09s/ud) sjusuoduod LJTI0TIA 9SIBASULIY

pue apniT3UoT ‘uof3oaatp ‘(99S/wd) poaeds Butmoys YIVQ FTTIONd HINOWSINOA  Sf 2andyg
S10Z _ zz81 g1 oz
=
0002 )
=== 8061 o1 3
-—- m
o
% > %
’ Z N ] i 1 3 a
oce = D 00Z- (3357437 IN3INODJWDID 3ISHIASNUY]
$10Z _ 2261 _ 181 102
=
0002 )
--- 8061 ot 5
- m
=
| [ > . . @
’ < i 3 ’ 2 ) i ) 3 o
nog 0 00z- (J38/WJ) LN3NDLKWOD TTUNIANLIONDT
3102 ZZ61 _ el oz
=
0002 ;
- 8051 _ 0t m
w
, [ < &
3 3 , z _ T . z 9
osE 08T b (3NYl -930) NOTLIINWIQ
9102 _ z261__ el 13
=
02
00%Z.. 8061 _ 0! m
~
_ ) _ \ G
’ ¢ " 3 " 2 " \ Z 0
002 oot 0 (338/WJ) Q33dS

60



DEPTH (maters}
3

SPEED

2o

DEPTH (meters)
o

1033 EDV SPEEC 1305 EOT

ADAM'S POINT 1 ADam's poINT

z H
o g |
1 SPEED | IDB EDT ) SPEED {387 EDT
1 apbam's poinT ADAM'S POINT
20 20
0._..__'____..._;;—..___%_/_._._
] L
- :\ A o -~
E r:ri B é“ L g
[ Mg A g
< 10 . i .
E - - A t
§ ; g |
SEED 1148 EDT ) SPEED 1448 EDT
ADAM'S POINT } ADAM'S POINT
20- 20
g g
x T
g K
g | g
SPEEC 122} EDT 1 SPEED 1526 EQT
] P T ]
0]  ADAM'S POINT 20l  ADAM'S POINT
4] -1 Km
| N O O |
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interval is 20 cm/sec, dashed horizontal line in-
dicates MLW, solid line indicates water surface.

View is .downstream. Positive flow corre-
sponds to flow to the right of the downstream
direction.
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(ecm/sec) from 1621 (EDT) to 2030 (EDT). Contour
interval is 20 cm/sec, dashed horizontal line in-
dicates MLW, solid line indicates water surface.

View is downstream.. Positive flow corre-
sponds to flow to the right of the downstream
direction.
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Figure 42 FOX POINT CONTOUR PLOT showing speed (em/sec) from 0955
(EDT) to 1951 (EDT). Contour interval is 20 cm/sec,
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dicates water surface. View is downstream,
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View is downstream.
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downstream. Positive flow corresponds to

flow out of Estuary,

69



DEPTH (meters)
P

LONGITUDINAL 2138 EBF ¢, oo -

1 FOX POINT
20- 0 o1 Km L2
T T G WO L O W
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(cm/sec) at 2138 (EDT). Contour interval is 20 em/sec,

dashed horizontal line indicates MLW, solid line in-
dicates water surface. View is downstream.
Positive flow corresponds to flow out of Estuary.
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Figure 46 FOX POINT CONTOUR PLOT showing transverse component
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View is downstream. Positive flow corre-
sponds to flow to the right of the downstream
direction.
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Figure 47 FOX POINT CONTOUR PLOT showing transverse component
(cm/sec) at 2138 (EDT). Contour interval is 20 cm/sec,
dashed horizontal line indicates MLW, solid line in-
dicates water surface. View is downstream.

Positive flow corresponds to flow to the right of the
downstream direction.
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Figure 52 NEWINGTON CONTOUR PLOT showing longitudinal component
(cm/sec) from 1513 (EDT) to 1950 (EDT). Contour in-
terval is 20 cm/sec, dashed horizontal line indicates
MIW, solid line indicates water surface. View is

‘downstrean. Postitive flow corresponds to
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Figure 54 NEWINGTON CONTOQUR PLOT showing transverse component
(em/sec) from 0954 (EDT) to 1503 (EDT). Contour
interval is 20 cm/sec, dashed horizontal line {in-
dicates MLW, solid line indicates water surface.

View is doyhstream. Positive flow corre-
sponds to flow to the right of the downstream
direction.
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Figure 55  NEWINGTON CONTOUR PLOT showing transverse component
(cmf/sec) from 1513 (EDT) to 1950 (EDT}. Contour
interval is 20 cm/sec, dashed horizoutal line in-
dicates MLW, solid line indicates water surface.

View is downstream. Positive flow corre-
sponds to flow to the right of the downstream
direction.
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View is downstream. Positive flow corre-
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direction.
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MLW, s0lid line indicates water surface. View
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(EDT). Contour interval is 20 cm/sec, dashed
horizontal line indicates MLW, solid line in-
dicates water surface. View is .downstream.
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Figure 66  GREAT BAY CONTOUR PLOT showing longitudinal component
(em/sec) from 1005 (EDT) to 1346 (EDT). Contour in-
terval is 20 cm/sec, dashed horizontal line indicates
MLW, solid line indicates water surface. View is

_downstreama- Positive flow corresponds to
flow out of Estuary.

91



. v
g :
g £
E 1G4 E
& i
Iy
QT 1 LONGITUDINAL  ¥627 EOT
LONGITUDINAL {428 £ ]
AY
GREAT BAY 20 GREAT B
204
H §
: L'}
H E
E —
: :
g b
i
LOMNGITUDINAL 652 ECT
LONGITUDINAL  M24 ECT
Y
GREAY BAY 201 GREAT BA
204
o----7¥i—
$on -20
Iy : ;
F T F
H :
E =
T 104 E
5 &
g
€01 ) LONGITUDINAL 1730 EDT
LONGITUGINAL - 1522 ]
Y
GREAT BAY 20 GREAT BA
204
ol m—— e m TR — - - -
-20 . . .
e\ e :
I H
x =
® E
E T
- 0+ E
i
[=]
LONGITUIHAL  |558 EDT LONGITURMINAL 1812 EDT
Y
SREAT BAY 0 GREAT BA
204
0 st .2 Em
TERERARARE
Figure 67  GREAT BAY CONTOUR PLOT show

ing longitudinal component
(cm/sec) from 1425 (EDT) to 1812 (EDT). Contour in-

terval is 20 cm/sec, dashed horizontal line indicates
MLW, solid line indicates water surface., View is

.downstream. Positive flow corresponds to
flow out of Estuary.

92



- >
£ B
g ?
104
:
& &
[a]
LONGITUDHNAL 1845 EDT 1 LOWGITUDNAL 2100 EDT
} GREAT BAY GREAT BAY
20 204

]
s
-
E
£ 101
&
&
&
LONGITUDINAL 1914 EDT
GREAT BAY
20

3
s
E
x
[
[+ N
®
LONGITUDINAL 1945 £0T
1 coRear Bay
g0-

DEPTH (meters)
o

LONGITUDINAL 2026 EDT

GREAT BAY

20
Q -1 .2 Km

Figure 68  GREAT BAY CONTOUR PLOT showing longitudinal component
(cm/sec) from 1845 (EDT) to 2100 (EDT). Contour in-
terval is 20 cm/sec, dashed horizontal line indicates
MLW, solid line indicates water surface. View is
downstream. Positive flow corresponds to
flow out of Estuary.

93



1
L3 z
- I
B 8
(I a |
TRAMSYERSE 1008 EDT TRANSVERSE 1207 EDT
j GREAT BAY 1 GREAT BAY
20 204
% =
& ]
i :
I €T
i i
8 4
L | -
| TRANSVERSE (082 EOT TRAMNSVERSE 1236 EDT
| GREAT BAY ] GREAT BAY
20 20
" =
L s
£ H
[[v]
z b=
& [
o 3
TRANSYERSE ngs EOT TRANSYERSE (X0 EDT
GREAT BAY J GREAT BAY
204 20
i~ 2
8 H
£ £
E 10 E
o ]
= a P
TRANSVERSE |0 EDT ] TRANSVERSE 1348 EDT
bl GREAT BAY 1 GREAT sav

0 o 2 Km
I

Figure 69 GREAT BAY CONTOUR PLOT showing transverse component

(cm/sec) from 1005 (EDT) to 1346 (EDT). Contour
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View 1s downstream. Positive flow corre-
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direction.
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Figure 71 GREAT BAY CONTOUR PLOT showing transverse component
(cm/sec) from 1845 (EDT) to 2100 (EDT). Contour
interval is 20 cm/sec, dashed horizontal line in-
dicates MLW, solid line indicates water surface.

View {s downstream. Positive flow corre-
sponds to flow to the right of the downstream
direction.
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Figure 76 PORTSMOUTH CONTOUR PLOT showing transverse component

(cm/sec) from 0822 (EDT) to 1350 (EDT). Contour in-
terval is 20 cm/sec, dashed horizontal line indicates
MLW, solid line indicates water surface. View is
downstream, Positive flow corresponds to
flow to the right of the downstream direction.

101



;
0-1_.
- ®
; !
-;J L3
€ £
10+
T I
£ &
g . 8
i TRANSVERSE M50 m‘
1 PORTSMOUTH
2o
.
0 ___________
H
- &
E E
~ 104
x 3
o a
u o]
PORTSMOUTH
204
1
O. _____ -__—_.-...q___..__J:_—._
n . , 20
Tl A0 ° Ci// 3
5 E y N \/ ]
: NG — g
104 B 104
z £
i 4
TRANSVERSE  #13 EOT -T2 TRANSVERSE '9225
PORTSMOUTH : J PORTSMOUTH
204 20
1
A
£ A
- 10 S
E
B
S
TRANSVERSE 1700 EQT 2N .
|  PORTSMOUTH
20
0 .1 Km

N O I N |
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Figure 78 Location map for NOS current meter moorings (@) during
the 1975 summer field program.
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Figure 79 A summary of the deployment periods of the NOS current meters.
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Figure 80 Representative examples of current direction, D, current speed,
5, and sea level, 5L, for six locations in the estuary. Each
24 hour data set starting at 0400 EDT (0800 GMT) was chosen
to coincide with the date of a UNH profiling cruise. The most
appropriate current and sea level record for each particular
UNH cruise is shown. For 8 July 1975 only the UNH sea level
is shown. The following indicates the date, current meter
identification, and tide gauge identification for the other
data shownm:?

24 SEPTEMBER

I SEPTEMBER

8L (m)
LI - -
SL {m)

22 July 1975 Clza T~16,
5 August 1975 ' Cl35 T-14,
19 August 1975 Cl24 T-14,
10 September 1975 Cl31 UNH, and
24 September 1975 €119 T-11.

Missing current speeds have been assigned a zero value; the
observed inverted spikes in the 19 Avgust and 24 September data
coincident currents direction values appear to be spurious.
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Figure 81 Location chart of the NOS/UNH sea level monltoring program.

Each division of the estuarine length scale corresponds to
«5 k.
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Figure 82 Sea level data acquisition summary. With the exception of the

Adams Point series, all were obtained from NOS ADR (see text)
tide gauges.
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Figure 83 Examples of sea level from the Portsmouth Yacht Club, Hilton

Park, and Adams Point locations within the Great Bay Estuary,
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Figure 84
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DISTANCE FROM SQUAMSCOTT RIVER (i UNIT = .Skm)

Summary of tidal elevation distribution within the Great Bay
Estuarine System. The distributions of 7-day mean high and
low water (MHW, MLW) relative to a horizontal surface are
shown below. These are compared with instantaneous sea level
distributions shown for slack high and low water (SHW, SLW)
and mid ebb and flood at Dover Point for 15 July 1975. Above,
the phase distribution of high water relative to Dover Point
is shown.
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