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1.0 INTRODUCTION

This report is the first of two volumes concerning the
accomplishments of the 1972 M.I.T./Maine Maritime Academy Sea
Grant Summer Ocean Engineering Laboratory. It describes the
investigations students conducted in an oceanographic and bio-
logical survey of Holbrook Cove in July 1972. The second report
deals with their succebsful search for the remains of a Revolu-
tionary War privateer, the design and construction of equipment
for use in future Summer Ocean Engineering Laboratories, and
other activities.

The Summer Ccean Engineering Laboratory provides undergradu-
ate ocean engineering students an opportunity to combine theory
and practice when they design simple equipment and test and
operate this equipment in the real environment for which the
students must prepare themselves.

We selected two major projects in which all the students'
equipment could be utilized in coordinated efforts; thus each
student had an opportunity to contribute useful results to a
real-world ocean engineering project. These two major projects
are a comprehensive survey of Holbrook Cove and a systematic
search for the remains of American Revolutionary War ship hulks.

For the students, the Summer Laboratory demonstrated that
there is more to ocean engineering than just conceptual design
and theoretical analysis. They dealt first-hand with Murphy's
Law. They experienced the rigors of the marine environment,
including the limitations of weather, the swift devastation of
corrosion, and the exacting demands of hydrostatics.

Their benefits, judging from the students' post-Summer Lab
inperests and activities, include: a better perspective of their
academic experiences; an enhanced appreciation for the relevance
of the various elements that comprise an ocean engineering
curriculum; an intensified curiosity directed toward unfamiliar
facets of ocean engineering; and, in some cases, an inspiration
for a special project or thesis.

In the report of the 1971 Summer Ocean Engineering Labora-
tory we stated:
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The opinion of all who were involved with this project,
students and faculty of both M.T.T. and Maine Maritime
Academy , visiting faculty, and consultants, was that

this program served an educational purpose that is essen-
tial early in the students' Ocean Engineering education.
211 hands were exposed to the myriad of problems encoun-
tered in attempting to apply theory and classroom experi-
ence to equipment and procedures that must work at sea
without the enormous expense and pressure of full-scale
industrial or government projects. The usual mistakes
were made in an environment where they could be dealt
with without cost or loss of essential data and the

lesgons were learned.

Our experience during this second Summer Ocean Engineering
Laboratory reinforces our faith in the value of this educationa.

experience.



2.0 SUMMARY
2.1 Objective

The objective of the Holbrook Cove Survey is to gain an
understanding of its hydraulics and ecology in order to ascer-
tain the effect which the effluent from the Callahan mine outfall
has upon the Cove.

Holbreok Cove is located approximately one-half mile south-
west of Castine, Maine, and appears on U.S. Coast & Geodetic
Survey Chart number 311, as well as the Department of Interior/
Department of the Army topographical map of Castine, Maine,

2.2 Background

This project permitted the M.I.T. and Maine Maritime Academy
students to design, construct and utilize individual equipment
and employ them in the marine enviromment in a coordinated attack
upon a real problem. It had come to the attention of those par-
ticipating in the 1972 Summer Ocean Engineering Laboratory that
heavy metal pollution is a problem in the coastal areas of Maine
and that a relatively new mining operation had opened in Holbrook
Cove. It is deemed possible that the effluent from the outfall
of this mining operation has a profound effect upon the ecology.
The following research projects were planned and coordinated to

study this problem.

PROJECT STUDENT PARTICIPANTS
Tidal Current Streamlines and Cebelius, Kennedy and Lukens
Velocity
Temperature and Salinity Murphy
Chlorophyll 'A' Content Chertow
Benthic Infauna Distribution Dwyer, Lee, Seo
Tidal Height Fluctuations Barnes
Detailed Bottom Topography Cameron, Cianchette and Sautter
Bottom Soil Structure Barriault

Water Oxygen Content Murphy



2.3 Results
The results of the individual projects are as follows:

Project Results

Tidal Currents . Streamlines at various tidal
phases have been established.
Current velocities have been
calculated. Current velocities
have been measured on a real-
time basis at the northwestern
and southern entrances to the
Cove., Fluctuations indicate a
seiche in the Cove has a profound
effect upon the velocity at any
given time.

Temperature and Salinity These measurements were made.
The results are contained in
Tahles 5.1, 5.2 and 5.3.

Chlorophyll 'A' content These measurements were made.
The results are contained in
Figures 5.3, 5.4 and 5.5 and
Tables 5.1, 5.2 and 5.3.

Benthic Infauna Distribution Still being analyzed. Initial
trends indicate that the biomass
and numbers of individuals are
at a minimum at the sampling
station nearest the outfall.
This may indicate that the efflu-
ent has an adverse effect on the
biota.

[

Tidal Height Fluctuations A tide gauge has been built and
tested, but the scribe mechanism
and the magnitude of frictional
forces did not permit the gauge
to give useful results.

Detailed Bottom Topography A nomogram was prepared to permit
the soundings to be related to
the MLLW datum. In testing the
nemogram against ohserved tidal
heights at Castine, it was noted
that the scope of tide appears to
be about one foot greater than
indicated in the tide tables. Time
precluded the detailed sounding
program execution.



Project Results

Bottom Soil Structure A corer and release mechanism
were designed and built. During
the first ig_situ test the messen-
ger line used for retrieval was
severed and the unit could not be
relocated for recovery.

Oxygen Content of Cove Water An oxygen meter was designed and
constructed for use with an oxy-
gen probe borrowed from the Woods
Hole Oceanographic Institution.
Time precluded calibration. No
measurements of oxygen content
of Cove water were made.

2.4 Conclusions

It is apparent that the educational objectives of this
project were met. All of the rigors of the marine environment
were apparent from the restrictions of weather to the effects
of corrosion. The constraints of time demonstrated that careful
pPlanning is necessary if this priceless commodity is to be con-
served and that, if it is not conserved, the entire effort up
to the deadline may end in frustration. The loss of the corer
dramatically demonstrated the need for failure analysis and pro-
vision of safequards to handle those failures which may occur
if an entire project is not to be jeopardized by some malfunc-
tion. Finally, the students received practical training in boat
handling, safety at sea, navigation and the discipline these
activities imply.

The research objectives were partially met. The results of
the investigations into the hydraulics of the Cove indicate that
there may be a seiche that significantly affects the current
velocity magnitudes. Sampling of data at thirty-minute inter-
vals does not give a meaningful result in this instance since
the sampling intervals must be less than half the period of the
seiche to obtain a meaningful real-time result. The gross flow
patterns in the Cove have been defined particularly in the vici-
nity of the three entrances. Finally, the results suggest that
the variation of current velocity with respect to depth is sig-

nificant and should be investigated.
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The results of the temperature and salinity survey reveal
no anomalies in the absence of flow from the mine outfall.

The chlorophyll 'A' measurements do not suggest any effect
upon chlorophyll 'A' distributions in the vicinity of mine out-
fall. In the absence of a constant effluent flow, none would
be expected.

The preliminary results in the study of the benthic infauna
distribution suggest that there is a detectable adverse effect
upon the ecology in the vicinity of the mine outfall. . .

2.5 Recommendations

The Holbrook Cove Survey is incomplete as of this writing.
From the research point of view, there is still a great deal to
be learned in this relatively small geographical area. A better
and more complete survey could and should be conducted, taking
advantage of the lessons and mistakes of the 1972 effort. Cer-
tainly, the equipment not used in the 1972 survey should be em-
ployed to complete those research objectives not carried out in
this effort because of the limitations of time.

A determination of the period and magnifude of the seiche
in Holbrook Cove and its effect upon the flow patterns is a very
intriguing project and the most effective means appears to be
through the use of current meters. A second study which sug-
gests itself is the determination of the variation of current
with respect to depth. Both of these projects would be enhanced
by the design and construction of a deﬁice that will establish
current direction for use with the current magnitudes as mea-
sured by the current meters.

If the Callahan mine outfall is discharging effluent, a repe-
tition of the study of the chlorophyll 'A' distribution seems
indicated. Perfection of a method to measure the concentration
of heavy metal ions to correlate with the clorophyll '‘A' patterns
is highly desirable.

From the educational viewpoint, the efforts in surveying
the Cove are ideal. The project is of necessity interdiscipli-
nary and careful coordination is required if the results are to

be meaningful. This coordination imposes the discipline of
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scheduling, which is one of the very real constraints not ade-
quately imposed by any other form of educational experience.
It is therefore recommended that the survey effort be considered

for future Summer Ocean Engineering Laboratory projects.
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3.0 DETERMINATION OF THE CURRENT PATTERNS IN HOLBROOK COVE
3.1 Cbjective

This project has as its obijective the determination of the

current velocities and streamlines in the Holbrook Cove estuary
as a2 func+tien of time and tide. Data were obtained by the use
of drogue kuoys (see Figure 3.1). By recording the geographical
positicn of each buov and the associated time, velocities and

positicons have been calculated.

Figure 3.1
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of the baseline, simultaneous measurements of the relative angle
between the baseline and the line of sight from each transit to
a buoy were made and recorded. The units of measure employed
were

Directions and angles--degrees and minutes

Baseline length--meters

Time--hours, minutes and seconds

3.3 Limitations of Accuracy

Factors affecting data accuracy were both natural and mech-
anical. The natural factor that was of concern was the effect
of the wind upon the paths and velocities of the buoys. Wind
velocities in excess of two knots were considered to measurably
affect data accuracy, and wind velocities in excess of five knots
were considered unacceptable. In reducing the data, all measure-
ments taken in conditions involving wind velocities in excess of
two knots were discarded. 1In reducing the data, it appears that
there may be some measurable wind effect at velocities of one to
two knots. This fact led the team to concentrate the data-
gathering effort into the very early morning hours in which there
is generally no measurable wind.

Mechanical factors affecting the accuracy of the data were
the limitations equipment imposed upon the measurements of the
baseline lengths, line-of-sight angles with respect to the base-
line and the times of each measurement. The end positions of
the baselines were established by locating them on a chart of
the estuary with respect to landmarks depicted thereon. Lengths
of the baselines were determined by first calculating the length
by means of triangulation and then measuring the distance between
the two end positions as located on the Coast and Geodetic Sur-
vey Charts. Table 3.1 contains a comparison of the length of
the baselines as determined by triangulation and by measurement
from the Coast and Geodetic Survey Charts.

It is estimated that the line-of-sight angles with respect
to baseline were measured with limits of accuracy of about
tone-half degree of arc. Time was measured to the nearest tenth

of a minute (six seconds).
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Table 3.1

COMPARISON OF LENGTH OF BASELINES AS DETERMINED
BY TRIANGULATION AND MEASUREMENT (CGS CHARTS)

LENGTH
MEASURED MEASURED

FROM BY
BASELINE CHART TRIANGULATION
0157195 823 950
026/206 311 321
108/288 347 368
122/3G2 293 246
146/326 329 333
174/354 466 397

3.4 Data Reduction

The large volume of data collected made the use of a compu-
ter highly desirable. The quality of the data was carefully
examined and several series of observations were disregarded
because they appeared to have been severely affected by wind.
The remainder of the data was then sorted first by utilizing a
computer program to calculate buoy velocities and then discard-
ing all inconsistent observations. For example, if a buoy's
velocity changed drastically between observations and then

appeared to return on succeeding observations to values consis-—

tent with earlier observations and the buoy's position was
inconsistent with those established by preceding and succeeding
cbservations, the data corresponding to the nonconforming obser-
vation was discarded. This procedure was adopted after it was
noted that the paths of the buoys were linear or involved only
slight degrees of curvature, except for a very few instances in
which buoys came under the influence of a vortex. In those
instances, only the most erratic cases were disregarded.

The data reduction required solutions of two equations of
the form:
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P =f(x,y)

Vn=g(Pn,P(n_l),&T)

where

P and P(n—l) are buoy positions at times n and
(n-1} respectively;

f and g are functions involving the parameters
contained within the parentheses which
follow them;

X and y are orthogonal coordinates in a two-
dimensional grid system with the x coordi-
nate measured parallel to the chservation
baseline;

AT is the time interval between the cobservations
establishing the positions Pn and P(n—l}'

In order to define the positions of the buoys in terms of
the coordinate system, x and vy, using the baseline as the base
of a triangle and the lines of sight from the ends of the base-
line to the buoy as its other two legs, the computer was uti-
lized. The known quantities are the length of the baseline and
the two included angles between the lines of sight and the base-
line, Establishing one end of the baseline as the origin of
the coordinate system, the calculation of the orthogonal projec-
tion of the leg formed by the line of sight from that end of the
baseline to the buoy defines the x coordinate. The calculation
of the altitude of the vertex, formed by the intersection of the
two lines of sight, with respect to the baseline defines the
Yy coordinate. The computer was programmed to calculate the x
and y coordinates using the law of sines. No attempt was made
to utilize a single coordinate system for the entire estuary,
but rather a different one was used for each baseline. If de-~
sired, a set of transformation equations could have been derived,
but it would have unnecessarily complicated the problem. Stream-
lines were represented graphically on a chart of the Cove.

As a matter of expediency two Fortran IV programs were written,
The first calculated the x and y coordinates and the velocities

punching the calculated data onto cards which served as data
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for the second program. The latter program p‘.Lotted the :treal;l:
lines on a mechanical plotter. These streamllnt-.zs were then p
siticned on a chart of the Cove and a reproduction made from
e ris:i:;ing of each of the two programs is found in A[.Jpendlx
A. A description of the first program is also included in 1-:he
appendix, but, since the second program merely reads C:Ttrtesa.an
coordinates and calls an IBM-supplied plotting subroutine, no
description seems to be required.

. ts

e ::::ie 1.2 is a reproduction of the chart of Holbrook Cove
showing its major physical features and the surrounding land-—
marks. The features which appear to have the greatest effect
upon the flow patterns of the Cove are three entrances: the
sandbar (northern entrance), the Nautilus Rock Channel {(north- |
western entrance) and the Goose Falls Channel (southern entrance)
The sandbar is submerged from zero to eight feet, varying from
three hours before high tide to three hours after high tide,

Since the drogue buoys used in this project required at least
five feet of water depth,

nity of the sandbar.

little data was obtained in the vici—
It should be noted that all times in the

figures which follow are recorded in hours and minutes from

the High or Low tide. The times of High and Low tide were cal—

Culated based upon the U.S. Department of Commerce Tide Tables
using the correction factors for Castine,

Maine (see Appendix B)
The data

have been grouped intc six time pericds, each cor-
responding to approximately a two-hour phase in the Tidal Cycle.

The names and approximate time limits of each phase are con-
tained in Table 3.2.

Figures 3.3 and 3.4 contain the streamlines

and flow velo—
cities,

Tables 3.3 through 3.8 list the dates of the observa-
initial and final observation times
to the hours and minutes before or after th
the baseline from which

tions, (recorded with respec

e high/low tide} and
the observationg were made .

The base-—
lines are identified in Figure 3.2,
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Table 3.2

NAME AND APPROXIMATE TIME BOUNDARIES OF TIDAL PHASES

NAME BEGINNING END

Pre-High Phase 3 hours before high tide 1 hour before high tide

High Phase 1 hour before high tide 1 hour after high tide
Post-High Phase 1 hour after high tide 3 hours after high tide
Pre~Low Phase 3 hours before low tide 1 hour before low tide
Low Phase 1 heour before low tide 1 hour after low tide
Post-Low Phase 1 hour after low tide 3 hours after low tide

3.6 Conclusions

The streamline and velocity charts for the pre-high phase
{Figures 3.3 and 3.4) reveal that bucy direction reversals begin
with those buoys located closest to the scouthern entrance. The
tidal flows appear to initiate approximately 45 minutes earlier at
the southern end than at the northern end of the Cove. There
appears to be a tidal phase gradient in the area of the Cove
bounded by the socuthern entrance and by Ram Island. The stream-
line chart (Figure 3.3) for the pre-low phase indicates slack
water about one hour before the predicted low tide at Castine,
Maine. The velocity chart (Figure 3.4) for the low phase indi-
cates rather high velocities at the times of predicted slack

water at Castine, Maine. It is noted that buoy velocities appear

to decrease as they approach Ram Island,
The basin north of Ram Island can be pictured as a large

tank with four inlets/outlets (one of which is open for about

three hours before and after high tide). The currents through the

northwestern and southern entrances to the Cove in post-low and
pre-high phases are in opposition in the shallow channel west
of Ram Island. The current from the southern entrance

is pre-
dominant and forces water back toward the northwestern

entrance .
As the current in the southern entrance begins to shift

from floeod to ebb, water continues to fill the basin. By the

time the current at the northern entrance (the sandbar) begins




DATE

7/25
7/25
7/25
7/19
7/1%
7/19
7/19
7/19
- 7/19
7/25
7/26
7/26
7/26
7/26
7/26
7/26
7/25
7/25
7/25
7/25

7/25

BUOY
F3R
F4R
F30
K3B
K2ZRB
K3RB
K3R
K3w
K3WG
E3wW
C2R
C3W
C2B
C3B
D20
DZ2R
E3Y
E4Y
E3RB
E2W

F3B
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Table 3.3
TIDE PHASE: PRE-HIGH

TIME TIME
START END
-3:00 -2:29
-2:10 -1:07
-3:56 +0:36
~5:05 -3:36
-5:00 -3:04
-2:41 -1:48
~2:43 -1:55
-2:42 -1:48
-2:39 -1:50
-1:53 +0:08
-2:22 ~-1:54
~3:03 -2:25
-4:10 ~2:55
-2:30 ~2:20
-2:08 -1:21
-3:19 -2:58
~2:40 -2:12
-1:54 -0:50
-2:35 -2:09
-2:41 -2:14
-3:35 -3:00

OBSERVATION
BASELINE

026/206
026/2086
026/206
108/288
108/288
108/288
108/288
108/288
108/288
146/326
108/288
108/288
lo08/288
lp8/288
174/354
174/354
146/326
146/326
146/326
146/326
026/206
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Table 3.4

TIDE PHASE: HIGH

TIME TIME OBSERVATION
DATE BUOY START END BASELINE
7/26 D1Y -2:06 +2:03 174/354
7/26 D30 -0:59 +1:57 174/354
7/26 D2RB -1:00 +0:41 174/354
7/26 C3R ~1:31 +1:40 108/288
7/26 C4B ~1:56 +1:50 108/288
7/24 G10 -0:04 +1:45 015/195
7/24 GIR ~0:06 +1:42 015/195
7/25 F5B ~1:03 +0:35 026/206
7/25 F5R ~0:59 +0:37 026,206
7/24 G1B -0:04 +1:38 015/195
7/24 HIW ~0:42 +0:22 146/326
7/24 HIRB ~0:45 +0:25 146/326
7/11 LIR -1:03 +0:25 122/302
7/11 L1W -1:04 +0:27 122/302
7/11 LIWG -1:06 +0:30 122/302
7/11 L1RB ~1:05 +0:31 122/302

to ebb, the basin has begun to empty. The current through the
northern entrance (the sandbar) begins to flow into the basin
and the currents through the outlets formed by the northwestern
entrance and the channels east and west of Ram Island flow out
of the basin. When the water level falls below the sandbar in
the northern entrance, blocking flow, the currents through the
remaining three outlets continue to flow out of the basin until
the next current reversal at low tide.

3.7 Recommendations

The use of buoys and transits is subject to many limitations.

First and foremost is the restriction on their use to pericds of
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Table 3.5
TIDE PHASE: POST HIGH

TIME TIME OBSERVATION

DATE BUOY START END BASELINE _
7/23 I1RB +0:51 +2:32 015/195
7/23 I1W +0:52 £2:32 015/195
7/23 I1B +1:00 +2:34 015/195
li 7/23 110 +0:57 +2:31 015/195
3 7/24 G20 +2:54 +3:22 015/195
1 7/24 G2R +2:53 £3:21 015/195
§ 7/24 G2B +2:56 +3:20 015/195
| 7/24 H2RB +1:17 +3:12 146/326
{ 7/24 H2Y +1:16 +3:13 146/326
v 7/24 H2W +1:20 +3:09 146/326
§ 7/8 M1RB £2:07 +2:42 122/302
% 7/8 M2RB +3:12 +3:44 122/302
? 7/11 L2R +1:26 +3:17 174/354
% 7/11 L2WG +1:20 +2:20 174/354
7/11 L2W +1:21 +2:21 174/354
f 7/22 J1w +1:45 +2:51 108/288
o 7/11 L2RB +1:20 +2:20 174/354
| 1/22 J2R +1:43 +2:49 108/288
7/22 J1B +1:44 +2:50 108/288
7/22 J1Y +1:44 +2:36 108/288
7/22 J10 +1:57 +5:26 108/288
7/26 D3RB +1:08 +1:55 174/354
7/23 I1Y +0:53 +3:20 015/195
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Table 3.6

TIDE PHASE: PRE-LOW

TIME TIME OBSERVATION
DATE BUOY START ~ END_ BASELINE
7/22 J2Y -2:27 ~0:15 108,288
7/22 J2R -2:30 -0:52 108/288
7/22 J2B -21:32 -0:27 108/288
7/22 J2RB ~2:33 ~0:42 108/288
7/24 H3Y -2:09 ~1:25 146/326
7/24 H3W -2:14 -1:26 146/326
7/23 12Y -1:43 -1:23 015/195
7/23 120 ~1:41 ~1:22 015/195
7/19 K1WG ~1:19 -0:31 108/288

little or no wind. This severely limits the time available for
gathering data. 1In addition, the buoys proved to be difficult
to place in position, transport and store.
The transits require rather large crews since two transits
are required per baseline and two or three men are needed at
each station to communicate, man the transit, and record data.
The communications and recording duties can often be combined
but, since at one of the transit stations a person must coordi-
nate the sighting by the two stations, it is difficult to operate
with less than four persons manning the two transits, while five
persons appear to be optimum. There is also the added problem
that, since buoys often run aground and in order to understand
the currents, buoys must be frequently repositioned, an addition-
al person is required to man a boat. Fatigue will also begin to
take its toll, if a statjon is to be run over four or five hours
and a replacement crew will be required. In short, buoy and

transit stationg require too many people to be an optimum solution.
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Table 3.7

TIDE PHASE: LOW TIDE

TIME TIME OBSERVATI(
DATE BUOY START END BASELINE
1/27 Al0 -3:03 +1:30 026/306
1/27 AlY +0:09 +1:29 026/306
7/26 C1B -0:18 0:00 108/288
7/27 B3W +0:33 +1:21 108/288
7/22 J3RB +0:03 +1:08 108/288
7/22 J20 +0:05 +1:07 108/288
7/22 J3R -0:01 +0:47 108/288
7/22 J3B +0:02 +1:08 108/288
1/22 J3y 0:00 +1:15 108/288
7/22 J3IW ‘ -0:02 +0:38 l108/288
7/19 K1w -1:16 -0:02 108/288
7/19 KILRB -1:17 +0:04 108/288
7/19 _ K1R ~1:18 +0:03 108/288
7/25 F1R +0:14 +0:59 026/206
1/25 F1B +0:12 41302 026/206
1/26 ClR -0:22 +1:52 108/288
7/26 ClW +0:06 +1:37 108/288

Before buoys are employed in future projects, they should

be redesigned to pemmit operation under unfavorable wind condi-
tions. The visible part of the buoy should be made more easil
identifiable and less dependent on lighting conditions, go in-
creased distance and bad weather will not hamper tracking. The
operational maximum was six buoys with a sighting period of
approximately s8ix minutes. The optimum was four buoys with a

three-minute tracking period. Acoustical tracking by means of
sonar might be an alternative,

The use of stationary current meters would eliminate many
of the problems of buoy tracking, but would raise new ones. Ag
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Table 3.8

TIDE PHASE: POST-LOW

oaze BUoY START END PPASELINE
7/26 D1RB +0:14 +3:05 174/354
7/26 Dlo +0:15% +3:00 174/354
7/26 K2W +1:13 +3:12 log/288
7/26 K2R +1:15 +3:15 log/288
7/26 K2WGS +2:01 +2:28 108/288
/25 F20 +1:09 +1:55 026/206
7/25 F2R +1:18 +3:14 026/206
Z/25 F2B +1:16 +2:19 026/206
7/25 E1W +1:10 +2:43 146/326
7/25 E2RB +2:22 +2:47 146/326
7/25 E2Y¥ +2:02 +2:45 146/326
7/26 Cl0 =-0:19 +2:43 108/288
7/26 C2W +1:53 +2:44 108/288
7/25 ElY +1:13 +1:44 146/326

it stands now, most current meters provide a current magnitude,
but a current direction would also have to be obtained. Another
limitation of current meters is the fact that they are difficult
to moor and reposition.

An optimum approach might be the use of a combination of
buoys and current meters. The buoys, of course, utilize a
Lagrangian type of coordinate system, while the current meters
use a Eulerian type of system, but with the information from
both, an exceptional picture of the hydrodynamics of the Cove

could be obtained.
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4.0 DETERMINATION OF CURRENT VELOCITIES VERSUS REAL TIME IN
THE SQUTHERN AND NORTHWESTERN ENTRANCES OFF HOLBROCK COVE

4.1 Objective
The objective of this project is to measure current velo-
cities in the center of the channel at the southern and north-

western entrances of Holbrook Cove over a complete tidal cycle.
4.2 Procedure

The current meters were moored in approximately the center
of the southern and northwestern channels at a depth of approxi-
mately 10 feet at low tide, A clock-timing device was used to
record the current meter pulses on magnetic tape for a period
of four minutes at half-hour intervals, on the hour and half-
hour. The magnetic recorders were later retrieved. An operator
rewound the tape, placed the tape recorder in the "play” mode
and counted the number of Pulses over a 10-second interval.
Current velocities were then determined using the pulses per
second to enter the calibration curves.

4.3 Results

Figures 4.1 and 4.2 are plots of current velocities at 30~
minute intervals. The tidal phase noted at the bottom of the
figures relate the time to the tidal phase at Castine. Figures
4.3 and 4.4 compare buoy velocities calculated from observations
taken in the vicinity of the current meter positions with the
results of the current meters. It should be noted that the buoy
observations were not made on the same day that the current
meters were implanted and that the buoy positicns are in the
same general area, but not identical to the positions of the
Current meter. It should also be noted that the current meters
were placed a fixed distance from the bottom of the Cove and
their depths therefore vary with the height of the tides. It
is estimated that the depth of the current meters varied from

approximately 10 feet to approximately 20 feet over the complete
tidal cycle.

4.4 Conclusions

In comparing the results of the current meters and the
buoys, it appears that there may be a periodic velocity fluctua-
tion that significantly affects the magnitudes of the currents
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in the Cove. The results suggest that the period of this oscil-
lation is about 8 to 12 minutes and the velocity variations may
be as much as plus or minus 30 percent around some mean value.
Based upon the results of both the current meters and the
buoy velocities, it is concluded that the tidal currents in
Holbrook Cove are significantly affected by a seiche. 1In pPlan-
ning the project, this result was not anticipated and the time
intervals selected for recording currents was arbitrarily set
at 30 minutes. In addition, it appears that there is a signi-
ficant reduction in the current velocities recorded by the cur-
rent meter when the depths are greatest, i.e., near high tide.

4.5 Recommendations

While it appears that the current meter and recording sys-
tem functioned properly, the reduction of data by counting the
number of "beeps" over a time interval as a means of establish-
ing velocity is far too time-consuming. It is therefore recom-
mended that a means of recording velocity that will permit a
more automated reduction of data be devised.

It is also recommended that any future projects consider
the possibilities of a seiche and velocity measurements be made
continuously over longer time spans or, if intermittent current
velocity measurerments are made, the interval between measure-
ments be shortened to a period that is less than half the period
of the estimated seiche.

Finally, it is recommended that a vertical array of current
meters be deployed to establish the velocity profile as a func-
tion of depth.
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5.0 TEMPERATURE, SALINITY AND CHLOROPHYLL
5.1 Temperature and Salinity Patterns
5.1.1 Objective

The purpose in studying temperature and salinity in
Holbrook Cove is to obtain baseline data usable in density analy-
sis. This data will be useful in establishing the prevailing
conditions in Holbrook Cove, and how these conditions may affect
biology and water movement. The design of inexpensive water
sampling bottles and their construction was required to achieve

. the primary objective (see Figure 5.1}.
5.1.2 Background
Salinity and temperature analysis is a standard practice 2
in physical oceanography. Salinity gives a good idea of the
horizontal and vertical extent of dilution in the Holbrook micro; -
estuary. Presumably, fresh water from both the Bagaduce and =
Penobscot Rivers dilute sea water in the area of the Cove., Rain_
water also has a day-to-day effect, although sampling was not
' extensive enough to draw any conclusions about this effect.
Temperature is of equal value to the oceanographer. Within

_ NI (i

- L
[ 1IN A r—————— ——
ppayniwiir ;.  w fg o . r ||l

any geographical basin, one generally finds more than one water
type. Temperature tends to be the prime indication of a transi%:
tion from one water type to another; and the word thermocline !
denotes just such a boundary. Temperature is seasonal, and has
a controlling effect on the biological community.

Finally, temperature and salinity, coupled with the depth
at which the sample was taken, can be combined to calculate the
density of the water sample. Density, also a characteristic of
the particular water, determines the physics of that water body
to some extent. Statically, more dense water will lie at the

il

bottom of basins. Dynamically, the forces on waters of differ-

ent density are the cause of water movement.
5.1.3 Results

The results of this investigation are tabulated in Table
5.1, 5.2 and 5.3. The column headed "Chlorophyll 'A'" is dis-

cussed in Section 5.2.
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Figure 5.1

Sampling Bottles
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TAagLE 5.1
TEMPERATURE, SALIMNITY, DENSITY AND CRLUROPHYLL 'A?
AT DEPYH = £ METERS

STATION TEMPERATURE  SALINITY SICMA 17¢ CHLOROPHYLL 'A?

{DEGREES {¥ICADGAAMS
CENTIGRADE ) PER LITE?)

18 17.% 25444 13.12 1.526
ic 17.5 25.7%48 a2 la/l?
2A 17.0 25.b0 lie4D la%17
28 15.0 25.22 12,49 Lo2al7
ZC 17.0 24.34 I?- 7d 1.?’!4
3A 17.C 25439 12.13 1417
38 17.0 25.1D 1d.17 l. 290
3C 18.0 259402 17.9¢ Je 231
4 A 17.5 24.tY 17.74 la%17
48 17.5 24488 17.79 1.9
“C 13.0 29444 15.01 1.4107
5 A 17.0 2537 114,496 1,199
58 14.0 264720 19.44 Y, 381
SC 17.2 2712 15425 1.417
A4 17.0 285465 18,40 1.329
&R 13,0 21.35 le.20 l. 794
6C 14.0 26,97 16,99 2.1230
TA 17.3 20e13 leaBY Y. 81
70 17.5 2ue3 15452 NenT2
7C 17.90 294133 13.15% Y. 081
3 17.¢ RV 11.51 1o +30
B 9.0 -’6_{'0 1h. T4 \. .,.‘0

gc Jo 4 ’l
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TAGLE 4.2
TEMDE RATURE, SALINITY, DENSITY AND CHLCROGPHYLL ‘A
AT DEPTH = 3 MLCTERS

STATICN TE¥PERATURE SALINITY SIGMA T CHLCROPHYLL 'A?

{CEGREES { MICRCGRAMS
CENTIGRADE) PER LITER)
1A 15.0 28.72 2002 1.526
iB 15,0 26.20 15.03 1.309
1c 14.0 26.26G 16.51 1.635
2 A 17.0 25.82 18,52 1. 744
7n 11.5 26.11 16.32 1.962
2C 15.0 206.358 1%.38 2.299
A 12.0 27.46 20.78 1.535
38 10.0 27.28 2C.97 1.526
3L 13.0 29.07 22.30 1.199
4 A 10.5 27439 20.97 1.744
4R 13.0 27.08 21.03 1.353
4C . 10.5 2¢.18 20.03 1.199
SA 12.5 28.51 21.50 2.071
58 7.5 28.18 21.74 1.962
5C 11.0 P.E7 2204 2.3958
&6A 11.0 234265 21.54 l.744
68 9.5 29.00 21.79 24507
ﬁc 10-0 23."}1 2?.23 2-\)?1
TA 12.0 27.1C 2C.50 1. 039
73 12.0 29.03% 21.918 Le 762
7cC 12.9 28454 21.54 1.7%%
5 12.7 20.5G 23439 1.179
ol 11.5% 20.42 21.61 1.576

bC




-33-

TABLE 5.3
TEMPERATURE, SALINITY, OENSITY AND CHLUROPHYLL *A?
AT DEPTH = & METERS

ST&TILN TEMPERATURE  SALINITY SIGMA '7¢ CHLCROPHYLL *Av

{CEGREES _ {(MICROGRAMS
CENTIGRADE) PER LITER)
14 3.5 29.54 22492 3.763
18 5.5 29,34 22 .64 0.763
1C 19.0 28.56 21.96 2.616
24 11.9  29.90 22 .84 1.199
28 9.0 29.72 22,02 04545
2¢ 11.0 29,32 22.39 3.218 .
2A 9D 294929 23416 J.931
33 ' 8.5 25.90 232.23 0.654
3C
4A 3.5 29.61 23.60 0.436
4B 3.5 29.61 22.18 3.327
4C ‘ 3.5 25463 22.817 J.763
S5A 343 21.67 24,17 2.218
58 ' Tuh 29.34 23.20 e 436
5C
& A _
of 3.2 26.30 22.80 %36
{)C 3.5 30.’1‘4 23.65 O.’f36
7A 940 29.65 22.96 G.327
78 ' Fe B 28.54 22.02 0.436
7¢C
B 9.0 26.86 22,13 Je18

o)
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5.1.4 Conclusions

There is nothing dramatic revealed by the temperature,
salinity, and density data.

The more dense water fills the deeper depths of the Cove,
This would be consistent with the existence of a current through
the Cove.

There is no indication of an effect by the Callahan Mine
outfall on the temperature, salinity or density patterns in
Holbrook Cove during the period of this study.

5.1.5 Recommendations

More electronic analyzing equipment is needed. Titrating
is an especially long, tedious operation which leads to error.

A greater quantity of data is required to build a better
picture of Holbrook Cove temperature, salinity and density pat-
terns. Priority should be given to a number of samplings of the
same area at different times of day. Then the variance of the
data with respect to time could be related to water motion.
5.1.6 Detailed Procedure
5.1.6.1 Sampling Plan

To facilitate relating the temperature and salinity

data to the biological accuracy results, an identical sampling
grid was used for both projects (see Figure 5.2).

5,1.6.2 Sampling Technigue

The sampling was accomplished using the water sampling
bottles built in conjunction with this project. Once at the
sampling position, determined by sighting angles on shore land-
marks, the depth was determined using the fathometer on R.V,.
LOBSTER, the boat from which the samples were collected. It was
then decided how many bottles spaced at depth intervals of three
meters could be lowered.

Once this had been ascertained, the bottles were readied on
the rear deck of the boat along with labeled, plastic-capped
storage containers. The sampling bottles were attached to the
heavy line at intervals of three meters as the line was lowered.

The bottles were triggered at the desired depths. They were

then hauled up and the water in each bottle was emptied into a

labeled container.
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At the same station, the bathythermograph was lowered and
retrieved. Its data slide was then removed and stored for later
analysis,

5.1.6.3 Sampling Analysis

Once back at the laboratory, the water samples were
titrated to determine chlorine content, using the silver nitrate
method. The data were then converted to total salinity using
the general formula:

$=0.03 + 1.8050 ¢l (where the units are parts
per thousand})

The salinity was then tabulated according to station and
depth.

The temperature data were drawn from the bathythermograph
slides. For each station, the correct slide was read for the
water sampling depths. The resulting temperature corresponded
to the depths of each sample, and was tabulated next to salinity.

Using this temperature and salinity data, the U.S. Navy

Hydrographic Tables were used to compute o o, is a parameter

relating the density (p) of a water sampletto tﬁe density of
pure water (pure water has a density, p, of 1.0000).* The den-
sity of the water sample is related to pure water by using the
equation

o, = (p - 1)1000
If p equals 1.02575, then o_ eguals 25.75. It should be noted
that the effect of pressure on density was not included because
it is minimal for the depths in the Cove.
5.2 Chlorophyll Patterns in Holbrook Cove
5.2.1 Objective

This portion of the ecological survey is designed to quan-

titatively measure the distribution pattern of chlorophyll in
the Holbrook Cove sampling area. A marked increase in chorophyll

concentration with increased distance from the Callahan mine

*For a detailed description, see Sverdrup, H. U., M., W. Johnson,
and R. H. Fleming, 1942, The Oceans. Prentice-Hall, Inc., N.J.
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~green component of the particular diatom in question. {
5.2.3 Results 1
Using water bottles, 106 samples were taken. 105 were ;:-
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outfall would suggest that the effluent from the outfall is
harmful to the diatom population and therefore has an unbalancing

effect on the entire ecosystem, since diatoms are a major source
of food for the Cove inhabitants.
5.2.2 Background :

Gentile and Erickson (1971)1 in their study of the Gooseg
Pond area were able to make a direct correlation between the l
effluent, rich in heavy metals (notably copper), and the growth
inhibition of a particular diatom, Cyclotella nana. The abilit

]

of the water to support Cyclotella decreased as the mine outfal

was approached. When a chelator was added to the samples, ren-
dering the copper inert, the diatom population increased, Al-
though this was not conclusive evidence, it does suggest that
heavy metal pollution from the outfall is upsetting the plankto
community.

The method used by this experimenter was to collect sample

TN w0 i

at various depths from stations upstream and downstream of the
outfall, giving a fairly accurate cross section of the entire 1}
sampling area. Tests were made for a specific chlorophyll coan
centration, referred to as Chlorophyll 'A,' which is the major |

analyzed, one being lost. The results are found in Figures SN% -
5.4 and 5.5 as well as in Tables 5.1, 5.2 and 5.3. The data in
the tables are the Chlorophyll 'A' concentrations in micrograms
per liter (ug/&) for each sample. The station numbers 1A, lB,ﬁ
1C, etc., refer to the stations in Figure 5.2. g

5.2.4 Conclusions

One of the major assumptions about which this research
project was planned was that the flow from the Callahan mine
outfall would be continuous throughout the sampling period.
Based upon observations made by the sampling team, it appears :
that no flow occurred during the entire month of July. This j
circumstance casts doubt upon the hypothesis that the heavy

metal ion concentration would be the greatest near the mouth of

the outfall, since the waters of the Cove are either ebbing or1

Hool hronlk CAtvre
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flooding most of the time. It seems more logical that, if heavy
metals are concentrated in the area, the effects would be most
noticeable in the deep water pockets north and south of.the
outfall.

In examining Figures 5.3, 5.4 and 5.5, it appears that
Chlorophyll 'A' concentrations are greatest at a depth of about
three meters and least at depths of six meters or more. There
does not appear to be a significant variation related to dis-
tance from the Callahan mine outfall,

It should be noted that the samples were all collected
during a flood tide. The samples for stations 1A, 1B, 1C, 23,
2B, 2C, 3A, and 3B were collected during the morning of Jﬁly 26.
The samples for stations 3C, 4A, 4B_and 41C were collected during
the evening of July 26. The samples for the remainder of the
stations were collected during the morning of July 27.

Due to the violation of the basic assumption relating to
continuous flow from the Callahan mine outfall, it is impossible
to draw any conclusions with respect to the effect of the outfall
upon the Chlorophyll 'A' patterns in Holbrook Cove.

5.2.5 Recommendations

In future attempts to determine the effects of a source
of heavy metal concentrations (as the Callahan mine outfall may
be), the water samples should be analyzed for the concentration
of heavy metal ions present. This will be difficult since the
concentration will be extremely low, but it would appear to be
essential if the effect of heavy metals on Chlorophyll 'A' is
to be determined with confidence.

Sampling plans should be expanded to permit collection of
at least three water samples at three different times at each
depth and location. The size of the sampling team should be
expanded to permit collection of water samples over the entire
grid in a period of not more than six hours (the approximate
extent of either a flooding or ebbing tide}). This implies that
at least three students will be required to analyze the samples.

5.2.6 Prpcedure {see references 2 and 3)

_ As soon as possible 25 milliliters of each sample were
filtered through a one-inch Gelman Glass Fiber filter and frozen.
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The filters carrying the chlorophyll were then homogenized and
extracted with 90% acetone solution and fluorated, giving a
reading "fo‘" Each sample was then acidified and another reading
taken, "fa." The amount of chlorophyll "a" per sample in micro-
grams per liter (ug/%) was derived from the equation "chl_ =

0.109(f0—fa)."

REFERENCES

1. Dow and Hurst, Jr., Rehabilitation Problems of the Cape
Rosier Open Pit Mine, Dept. of Sea and Shore Fisheries,
Augusta, Maine, Nov. 1971.

2. Duxbury and Yentsch, Plankton Pigment Nomographs, J. Marine
Res., 15, 1956, pp. 92-101.

3. Richards and Thompson, A Spectrophotcometric Method for the
Estimation of Plankton Pigments, J. Marine Res. 11, 1952,
pp. l56-172.
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6.0 _B_IOLOGICAL EFFECT OF HEAVY METAIL POLLUTANTS
6.1 Objective

At Cape Rosier, Maine, a copper-zinc open pit mine has

been discharging effluent rich in heavy metals into Holbrook
Cove. Recent studies have shown that this type of metal pollu-
tant is harmful to marine organisms, and Probably to human
health.l In planning this study, it was felt that actual mea-
surements of metal ion concentration in water and sediment at
various stations might lead to a better understanding of the
effects of these pollutants when correlated with benthic faunal
population distributions and photosynthetic primary production
in the area. The purpoée of this facet of the overall study was
to gather data concernihg the distribution of the heavy metals
(Cu, Pb, Zn, and Cd) in the sediments near the ocutfall, and to
correlate these data with the distribution of benthic infauna
(in terms of species diversity, abundance of individuals in each
species, and biomass) in the sediments.

6.2 Background

In 1968, operations were undertaken by theICallahan
Mining Corporation in the area near Goose Pond on Cape Rosier,
Maine, to exploit local deposits of copper and zinc ore. The
mouth of Goose Pond (Figure 6.1) was dammed, the pond pumped
dry, and a large open pit excavation was begun. Sea water is
used in the aqueous flotation and ore separation process. This
water is pumped from Holbrook Cove from a site adjacent tb the
outfall (Figure 6.2), and used to the mill processing. It is
then dumped into a settling pond, where theoretically all sus-
pended matter is removed. The effluent is pumped into Holbrook
Cove through a subsurface outfall pipe. Sump pumps which keep
the open pit free of ground seepage also empty into Holbrook
Cove. During the four years of operation of the mine, fine sedi-
ment suspended in the effluent has entered the Cove and large
portions have probably settled there.

It must be noted, however, that the mining operation is not

the only source of heavy metal ions. Surface runoff and seasonal
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APPENDIX C
AN EXAMPLE OF THE USE OF

FIGURE 7.11




Example:

Find Height of Tide at 1125 Hours, July 5, 1972,

Date: July 5, 1972
Time: 1125 EDT 1025 EST
Barometer: 30.30"

From Tide Table (See Appendix B)

Previous Tide Level = +9.2 €t (High) @ 0605 Hours

Next Subsequent Tide Level = +0.2 ft

{Low} @

1212 Hours

Hours Between High and Low = (1212 - 0605) = gho7™

Feet Diff Between High and Low = (9.2 - 0.3} =

Hours After High Tide = (1025 - 0605)

From Nomogram:

Uncorrected Ht =

Correction for 30Q.80" -0,95
Corrected Ht = +0.55

ft

ft

= aPyom

+2.1 ft
-0.95 ft

+1.15 ft

9.5 ft
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drainage fluctuations will alter the erosion of nearby natural
ore deposits, and also the resultant metal ion concentrations
in the waters of Holbrook Cove. The exact pattern of effluent
distributions as driven by currents and tides has not yet been
determined, although sampling stations (Figure 5.2} were
selected to encompass all possible effluent paths.

Of all the animals in the immediate area, only the benthic
infauna have been continually subjected to the heavy metals
present in the mine effluent. These animals cannot move appre-
ciably, and thus have had to adapt to the environment of Holbroock
Cove. 1In general, the animals that have evolved to survive in
a particular environment (the boreal waters of the Gulf of Maine
in this case) have the ability to .successfully adapt to the
range of environmental variations which occur naturally. How-
ever, even these "historical stresses' are occasionally exceeded
and individual species succumb. After this stress has passed,
the species may either recolonize the area, or another species
may nove in and take over the first species ecological niche.
The fewer of these overturns there are, the more stable is the
biological community. In areas where the "predictability” of
the environment is high {(few abnormal stresses beyond the tole-
rance of all the species present}, there are many species, each
with a small number of individuals, and each adapted to deal
with its own narrow range of ideal conditions. Where predicta-
bility is relatively low, each species must adapt to a wide range
of possible environmental conditions. Since the range of ideal
conditions (the niche) of each species cannot overlap with the
niche of the species next to it on the spectrum of environmen-
tal factors, it is evident that there will be more niches, and
thus more species, present in a high predictability environment.

In Holbrook Cove, the influx of heavy metal pollutants can
be viewed as an "unpredictable" environmental stress from the
point of view of the benthic community. If the community is
capable of adapting to this stress, there should be no obvious
change in the species composition of this community. This 1is
the "null hypothesis" of this investigation. In order to test

this hypothesis, some quantitative measure of the species diver-

_——
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sity must be employed. Several are inzuse at present. The
rarefaction analysis method of Sanders™ shows the diversity
graphically, although computation and data presentation are
cumbersome and tedious. The information function of Shannon3
is simpler. The number of individuals of each species in the
community is calculated as a fraction of the total number of
individuals in the community. This fraction, p.., 1s then
iterated over all species, and then the wvalue of _ p; log, p,
is calculated for the community. This gives a value which is
sample size-independent. The application of this function to
biological systems has recently been guestioned by Hurlburt,4
who proposes several alternate diversity indices., Once all data
are assembled in this investigation, both Sharnon's and Hurlburt'
indices will be employed.

All organisms present in each sample must be identified
and counted. For practical purposes, this is impossible. The
sediment must be sieved to remove very small sediment (some
small animals are obviously lost in the process). Reish5
calculated the optimum screen mesh size to maximize animal reter
tion and minimize the extensive labor necessary to sort the sar-
ples. In practice, there is alsoc an optimum number of grab
samples to be taken at each station to assure that all speciesi
the community are represented in each station sample. This must
be determined in situ, after a few samples have been sorted.

In Holbrook Cove, a grid of sampling stations was laid out
(Figure 5.2) in the waters near the outfall based on the sedi-
ment metal concentrations determined by the Federal Water Quali-
ty At.iministration6 in the immediate area. One objective is t
duplicate the FWQA study in more detail for a small area.

Hopefully, contour charts for the levels of copper, zinc, leal

and i
zadmlum, as well as charts of the species diversity indict

ma

Y be drawn from the data resulting from sampling the station

on the grid. '

Correlation tests ; i -
. on these data ma ield inter
esting resultg. i

Since species diversit
other factors,

th - .
on the g : ése must be lnvestigated and their influencé
mMunity assessed, the 1971 Summer Lab
a

Y in this case may be influenced D

oratory report

*
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(MITSG 72-3) investigated temperature, salinity, nutrients,
dissolved oxygen and currents. No abnormalities were evident.
Other phases of this investigation (Sections 5.1 and 5.2) dupli-
cated portions of those studies, again revealing no abnormalities.
Sediment particle size distribution does play a significant role
in determining benthic community structure.7 Most samples in

the area were composed of §0% silt, 20% clay and 20% fine sand.
However, several stations were located on bare rock, or on the
shallow sill of glacial sand and gravel that forms the western
end of Holbrook Cove. This is a biological community very dif-
ferent from that found in the mud of deeper water, and therefore
will not be included in the forthcoming discussion of the bio-
logical data with reference to heavy metals.

Cadmium, lead, copper, and zinc were chosen to be sampled
because they exist in large enough concentrations to be measured
with available Atomic Absorption Spectrophotometry equipment
and are thought to be major pollutants in the area.8 Chromium
falls below AAS detection limits. However, once data has been
collected, it is difficult to draw any conclusions as to signi-
ficant patterns in flow or toxicity or even the relation to
the mine effluent. Robert Dow, Director of Research, Maine
Department of Sea and Shore Fisheries, reports "Since explora-
tory drilling, stockpiling of ore-bearing rock, de-watering of
the old mine shaft, and pumping out of the rain-filied pit be-
hind the newly constructed dam at Goose Falls, heavy metal levels
in clams, sediments, and rock weeds cannot be interpreted as
background only. This significant and dramatic increase in all
three media after ore separation can be wholly attributed to
the plant operation and the discharge of effluents into Goose
Cove."9 The Federal Water Quality Administration, now the
Environmental Protection Agency, is more conservative in its
correlation between toxic metal concentration and the mine efflu-
ent, but recommends that public water supplies in the area be
monitored due to high lead concentration at two of their sample
stations.6 It should be noted here that this report has been
criticized by Dow and other Maine state officials.lO Tidal stage,
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climate and geological makeup affect concentrations of trace

metals, but it is not yet fully understood how and to what degree.

In addition, agreement as to whether sediments adsorb toxic ions,
rendering them inert or whether they are a continuing source of
contamination has not been reached.

It has been found that heavy metals do not concentrate

along trophic levels.11

In that particular survey of the
Illinois River, the order of concentration maQnitudes of Cu, Ni,
Fe, Pb, Cr, Li, Co, Cd was as follows: sediments > worms > clams
> fish > water. 2Zinc was found in greater concentration in clams
than in worms. According to a report by Dow on "Estuarine Com-

munities and Pollution,"12

rEvidence does not support the assump-
tion that heavy metals in estuarine sediments, marine algae, and
shellfish are directly related to the level of these metals in
the overlying waters." It is important, therefore, to measure
metal concentrations in mud and organic samples as well as in
the water. The sand worm, second only to the blood worm in
economic value per unit weight to the Maine fishing industry, has
a reported toxicity threshold of about 0.1 parts per million
copper (Raymont and Shields, cited by Dow).8

A previous study of the waters around Cape Rosier showed

8

copper concentrations ranging from 0.1 to 0.4 PPM. Dow believes

that lead is probably the most hazardous metal pollutant at the
mine site for both humans and commercial shellfish..12 A study
of the effect of cadmium upon humans is being conducted inter-
mittently by M.I.T. Human intake of toxic metals comes through
drinking water sources and consumption of shellfish. In particu-
lar, bivalves have the ability to concentrate heavy metals to
levels greater than those found in their environment.
6.3 Results

The analysis of the 25 Holbrook Cove sediment and water
samples for heavy metal concentrations and benthic fauna has not
been completed at this writing. Shortages of equipment avail-
ability (mostly an inability to gain access to AAS equipment)
and difficulties with impurity interference {(Section 6.6) have
hindered the determination of heavy metal concentrations. It

is expected that these difficulties will have been overcome to

L]

]
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allow completion of AAS analysis by March 1973,

Benthic faunal sorting and species identification is also
proceeding slowly. The 0.25 mm screen mesh size, as determined
from Reish'55 analysis, used in sieving the grab samples causes
the retention of a large volume of materials, which must be
picked through under a dissecting microscope. Average sorting
times have been in excess of 20 hours for each of the three
samples sorted thus far.

A basic difficulty in the faunal analysis concerns species
identification. Of the 52 positively identified polychaete worm
species taken in Holbrook Cove in the FWQA study,6 only 24 are
named in Knowlton'sl3 checklist. Knowlton acknowledged that
his checklist is not "all—inclusiye," even though he, his co-
workers and his students have sampled along the whole Maine
coast for a number of years. Significantly, the two dominant
polychaete species, Aricidea jeffreysii and Nephthys incisa,
representing 38% and 17% respectively of all individuals taken
in Holbrook Cove, have never been found by TRIGOM researchers

and are thus not included in Knowlton's checklist.

The most abundant polychaete species in the samples sorted
thus far has not been identified as yet. There is some internal
disagreement about whether two species are being considered as
one in this case. Until this is resolved, no species diversi-
ties can be calculated.

Some trends are apparent, however. Biomass and number of
individuals appear to be at a minimum at the station closest to
the mine outfall; i.e., there are fewer individuals and the
individuals appear to be smaller near the outfall. This could
indicate an adverse influence of the effluent on the biota, but
it is obviously too early to draw any correlations.

Other data would be valuable in addition to sediment faunal
data. An attempt will be made to analyze locally collected

14

bloocdworms (Glycera dibranchiata), sand worms14 (Nereis virens),

and clams (Mya arenaria) for heavy metals in their tissues. Sev-

eral attempts were made to raise Nereis virens in aquariums in the
laboratory, with the ultimate intention of studying the effects

of various concentrations of heavy metal ions introduced into the
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sea water. However, each time, high natural worm mortality was

observed due to high ambient temperatures, and it was finally
concluded that the necessary refrigeration was not available,
so the project was abandoned.

6.4 Conclusions

As stated before, sample analysis is not yet complete, soO
ho conclusions are possible at present.
6.5 Recommendations

During July 1972, the Callahan Mining Corporation was

beginning to raise salmon in a fish trap floating in Holbrook

Cove. They planned to monitor the metal concentration in the

salmon flesh, with the ultimate intention of marketing the salmor

on a large scale. In their proposal, the deep open pit would

be filled with sea water and used for fish culture. Considering

the remarks made by Dr. Ruth Patrick,lS this would be highly
undesiratble.

As of July 1972, the mining operation had apparently been

closed down. Weir Ditch, which had poured effluents into Weir

Cove on the southern side of Cape Rosier,

source of heavy metal contamination.
end had been filled in,
be continued,

had been another major
As of July 28, its seaward
Although monitoring of the site should
it is probably not within the capabilities of the

Student Summer Ocean Engineering Laboratory to continue the sys-

tematic sediment monitoring on a large scale, recognizing the di
ficulties which were encountered attempting to use analytical
techniques and equipment ang the great amount of

time necessary:
sort benthic sediment samples,

However, monitoring of metals
in worms and clams in the Cove i

be continued if AAS equipment ig
6.6 Detailed Procedure
6.6.1 Sampling Plan

§ relatively simpler, and should
available,

Basically, a 3 x 8 pPattern was laid o

Holbrook Island and Cape Rosier. 1f time alloweg multiple sedi
ment samples would bhe taken at eac

. h station, assuring adeguate
sampling of the benthes,

Ut in the channel separatir
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6.6.2 Sampling Technigue

Samples were taken with a modified Petersen grab sam-
Pler at mogt stations. Some stations were coarse gravel or bare
rock, preventing adequate grab sampling. The grab was hand-
“Perated from the deck of the lobster bhoat.

All samples were sioved 45 s00n as possible after return
fUsually within ¢ hours) through 0.25 mny sieves, preserved with
10% formalin, ang buffered to saturation with sodium borate
(preventinq calcareous shell decomposition) . Subsamples for
AAS analysis were placed in acid-rinsed centainers and pre-
served with 2-3 g concentrated HNOS.

6.6.3 Sample Analysis

Sorting of benthic samples was accamplishad under low
magnification microscopy., All animals retained by the sieve
were transferred to a methyl alcohol preservative. Identifica-
tion was decomplished using standard available keys,

Analvsis of sediment and water samples will be done by
Avonic absorption Spectrometry using Jarrell Ash instrumentation,
The metrhad followed wil] b Ehe standara methods used by the
Envivonment Protection Aqﬁnur,lb with minor alteration by the
M.T.T. 1ah. ATt houdgh met o1 Lo concentrations of some of the
Soose Palls Stations probably 311 quite low, pPrevious surveys
of the arca fFWOA)6 have not found it necessary to use special
low detection limit methods of analysis, especially since inter-
ferences are more common with these methods .

Interferences known as matrix interferences occur when there
are high concentrations of acids or dissolved salts, as would be
the casec with the samples conzidered here. These are controlled
by dilution or hy matching the concentrations of masor constitu-
ents in samples and standards. When there is ne way of matching
concentrations, the method of additiqnsl? is used. FPor analy-
sis of the samples taken From Holbrook Cove, a rinse to remove
sodium interference will be adequate. Several runs will be made

to determine statistical contfidence intervals.
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7.0 INSTRUMENTATION
7.1 Karman Vortex Trail Current Meter

7.1.1 Objective

The basic goal of this project is the evolution of a com-
pact and reliable current velocity measuring device utilizing
the regular velocity-dependent oscillation of vortices behind
a blunt object in a moving fluid. Several general design cri-
teria were established: (1) The instrument must be capable of
being set and monitored without diver assistance; (2) the out-
put of the instrument must be recordable on magnetic tape;
(3) data reduction should be convenient.
7.1.2 Background

Wwork was carried out during the 1971 M.I.T. Sea Grant

Summer Laboratory based on similar objectives (see M.I.T. Sea
Grant Report Number 72-3). These attempts were unsuccessful.
The experience gained at that time allowed the successful rede-
sign of the instrument during the 1972 Summer Lab. The basis of
operation of the instrument is the velocity-dependent vortex |
shedding of a blunt object moving'with respect to a fluid. The
wake pattern generated by this object is known as a Karman Vortex
Trail. This wake pattern is characterized by periodic shedding
of vortices from alternate sides of the blunt object. Each shed
vortex moves downstream causing lateral movement of the fluid
in the wake of the object. The instrument is based on the
detection of this movement. Here the magnitude of movement is
not important, but rather the frequency of the change in direc-
_tion of the fluid behind the blunt object is desired and, thus,.
the frequency of vortex shedding. This frequency is then empi-
rically related to the velocity of fluid flow, through the cali-
bration of the meter,
7.1.3 Results

The final results, based on a rather short testing period
of one day off the dock at Castine and three days at varyving
locations in Holbrook Cover, were in general successful. The
instrument, coupled with a simple oscillator, recorder and timer
on the surface, provided data at half-hour intervals over most
of the test period. The circuit interfacing the instrument with

the recorder, however, was unreliable and created a large amount
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of unreadable data. Data reduction, while intended to be accom-
plished electronically, was easily handled aurally, each twenty-
four hours worth of collected data requiring approximately forty-
five minutes to put into tabular or graphic form. Graphical
results of several periods of monitoring are shown in Fiqures
4.2 and 7.1, The validity of the data is difficult to determine.
At present, thcore is no other tabulated data concerning current
flow in the test areas. The results do show fair correlation
with times of high and low tide. For example, in Figure 7.1 no
current was evident shortly before high tide at 2324 hours and
low tide at 0554 hours, the times beinc appropriate for dockside
at Castine, The irrcqularity of the current profile presented
for Holbrook Cove may well represent the apparent current surges
which were noted on several occasions by the observers of the
current drogues used iIn this area, as described in Section 3.0
of this report.
7.1.4 Conclusions

Although the test period was too short to allow conclusive
cvaluation of the instruments reliability, sensitivity and range
in open water, the results would indicate that the meter offers
a valid substitute for impeller-type current meters, when mea-
suring low velocity currents. The instrument holds up well under
rough treatment and requires no diver assistance in mooring.

7.1.,5 Recommcndations

The success achieved, though limited, would recommend fur-
ther work on the development of this instrument as a component
of a complete system for current monitoring. Most seriously
needed would be the perfection of the interfacing electronics.
Completion of the digital recording system which was undertaken
during the lab would offer considerable advantages and possibi-
lities in the area of data reduction. Concerning the meter
itself, one could use pressure transducers as the means of con-
verting the fluid motion to a modulated electric signal, replac-
ing the present arrangement of fin and rhotocell,

7.1,6 Detailed Procedurc

Preliminary design of the instrument took place in the

months after the 1971 Summer Lab, and was based on experience
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gained during the lab. An attempt was made to build a current
meter using the vortex shedding phenomenon. The attempt involved
trying to sense the frequency of vibration of a wire placed in
a fluid flow. The presence of the wire caused the development
of a Karman Vortex Trail. In simplified terms, the periedic
lateral displacement of the fluid caused the wire to vibrate at
the frequency of the vortex shedding. The attempt was then made
to sense this vibration using electromechanical means. Due to
the very small displacements and energy transfers involved,
little success was achieved. It was decided to increase the
dimensions to afford greater ease in detection of the movement
of the fluid. A one-inch cylinder was used to generate the vor-
tex trail. Sensing of the frequency of vortex shedding was done
by a fin mounted on needle bearings in the flow behind the cylin-
der. Electrical pickup was accomplished by placing a magnet on
the fin and positioning a reed switch close enough to be acti-
vated by the magnet. This version provided linear response from
three-tenths of a knot to Just below two knots with sensitivity
to one-tenth of a knot. The instruments' dimensions were approx-
imately two inches by three and one-half inches by six inches,
The primary shortcoming of the instrument was that its range
of operation was too high to be considered for use in tidal cur-
rent surveys, Several things were done in an attempt to lower
the range of response. First, the effective Reynolds number of
the instrument was increased by providing a venturi at the intake
of the meter, thus increasing the current velocity seen by the
instrument over that of the ambient flow, Little improvement
was noted. It is believed that the force imparted to the sensing
fin by the fluid movement was of the same order as the force
exerted by the magnet on the reed switech, so the sensing of the
movement of the fin was relegated to a photo cell rather than
the proximity switch and magnet. Tests demonstrated an exten-
sion in the effective range of instrument down to about three
inches per second. It was still apparent that more energy must
be imparted to the wake to obtain greater sensitivity. To achieve
this end, an ellipse replaced the cylinder. It was oriented with
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the major axis perpendicular to the flow. It had been observed
that the ellipse generates a wake that is wider than its greatest
dimension whereas the wake of a cylinder is roughly the same
width as its diameter. The meter now showed a response down to
one inch per second (1/20 of a knot) under test tank conditions.
7.1.7 Fabrication

The physical layout of the meter is shown in Figure 7.2.

The fin in the wake of the cylinder responds to the movement of
the fluid. This lateral movement becomes a rotational movement
of the wires used to support the fin. The interposer, rigidly
attached to the upper supporting wire moves back and forth be-
tween the photocell and light source, which modulates the output
of the oscillator. The prototype instrument had dimensions of
two inches by six inches by twenty inches. The large length

was provided in an attempt to reduce turbulence encountered by
the ellipse caused by the leading edges of the duct. All elec-
tronics, except the photocell and light sburce, are designed to
be on the surface, thus limiting the amount of waterproofing
that must be accomplished. The light source-and photocell were
cast in plexiglass with their individual leads connected to a
four-wire hydrophone cable to the surface. These connections
were sealed by simply dipping the soldered joints in fiberglass
resin. No trouble was encountered in this method of waterproof-
ing. The original system design called for the meter to be con-
nected to an analog—to-diQital converter which would feed digital
data to a recorder. This equipment was not ready for use, how~
ever, so a simpler method of providing recordable signals was
used. The photocell, having a change in resistance which was
dependent on the change in light to which it was exposed, was
used as part of an astable multivibrator. As the resistance
changed, the output frequency of the multivibrator changed. &all
frequencies were in the audio range and were easily recorded.

As was mentioned earlier, the data was readily reduced aurally.
This configuration results in a signal which is frequency-modu-
lated at the rate with which the ellipse sheds vortices.




-60—

LIGHT
PHQTO - RESISTOR

TO POWER LIGHT

SOURCE SOURCE OPAQUE
AND Q LEADS PLEXIGLASS
SENSOR

WIRE SUPPORTS

——
Wm ////7//////1//11
_I / 1_
i { 1
_! /
L !
N ¥
: / |
% T FALLIEIIIIS N P12 -
\ II
FIN
ELLIPSE
PLEXIGLASS
HOUSING
Figure 7.2

Karman Vortex Trail Meter Lavout



-51-

7.1.8 Calibration
Calibration was carried out, using the instrument towling

carriage of the wave tank in the Hydrodynamics Lab at M.I.T.

This was used in preference to the ship model towing tank, due

to the very low control speeds which could be achieved. Response
of the meter from one inch per second to twelve inches per sec-
ond was obtained. Calibration data is shown in Figure 7.3

along with a curve showing theoretical response. The theore-
tical curve is based on the following empirical formula relating
frequency of vortex shedding to fluid velocity:

sv
d

where n is frequency, S is the Strouhal number, V is the velocity
and d is the characteristic diameter (the major axis of the
ellipse, 1-7/16"). The Strouhal number is constant in this
regime of Reynolds number (greater than 1000). After the conclu-

sion of operations in Castine, the ship model towing tank was
used to determine the angular response of the unit to test the
feasibility of using the instrument as a current direction indi-
cator. It was hoped that the response would be such as to allow
two of the instruments to be mounted in a fixed position at
right angles to each other to give vectoral information as well
as data about the magnitude of the current. Tests showed that
the response of the instrument intercepting the current flow at

angles of greater than thirty degrees was too poor to allow such
a configuration.

7.1.9 Meter Implacement

The mooring of the current meter is designed to be as sim-—
ple as possible. To maintaiﬁ a stationary position a fifty-pound
weight is used at the bottom. A line runs directly up to the
meter at the desired height above the bottom and is fastened
rigidly to the housing about eight inches from the leading edge,
on the underside of the instrument. Leading upward from the
same position on the top of the housing is a line to a sﬁbmerged
float. This float maintains the vertical position of the meter.
A short line is attached on the float line and leads to the tail

of the instrument to keep it horizontal. The electrical cable
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(for power and data transmission) is attached at various poi

. face
to the instrument Support cable and is supported at the sur
by its own float and a five

~quart pressure cooker which prowvides
the watertight housing for

the electronics and recorder. A

retrieving line is attached to the submerged float and again

Supported by a surface buoy. No trouble was experienced with

te
this mooring for this instrument. It appeared to allow adequa
freedom for the instrument to orient itself with the current

flow and showed no sign of drifting off station.
7.2 Impeller-Driven Current Meter

7.2.1 Cbjective
The objective of this Project is the development of a cor

. . S 14 an
Pact and reliahle current velocity measuring device utilizing
impeller,

Several general design criteria were established:

(1} The instrument must be capable of being set and monitored

without diver assistance; {2) the cutput of the instrument must

be recordable on magnetic tape; and (3)
convenient.

7.2.2 Background

An impeller current velocity measuring device was designe
for the 1971 Summer Ocean Engineerin
7.4).

data reduction must be

g Laboratory (see Figure
This device consisted of a se

housing made of pPlexiglas tubing,
fashioned from fiberglas
the impeller ang turned
of plexiglas)

ven-inch-diameter cylindric:
a 24~inch-diameter impeller
r @ plexiglas shaft which was driven by

a S-inch-diameter disc (also fabricated
in which 69 small holes

had been drilled at equal
intervals on a Circumference of four a

nd one-half inches. The
d expose a photocell to 3
umbersome and unreliable;

disc was used to alternately shadow an

light source. The unit Proved tgo be ¢

hence a redesign was undertaken .

The design of the 1972 impeller ¢

incorporates many improvements . These include: reduction in

size and bulk, an improved impeller,

in securing the meter to the moor

and a better harness (used
ing) .,
source and sensing device (photocell) ar

fore and aft of the impeller hub .
holes drilled parallel to itg axis

In the redesign a light

e sealed in the flanges .
The impeller hub has severai

through which light passesg
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when one of the holes is lined up with the light source and the
sensing device, In this way several pulses are received from
the meter for each revolution of the impeller, permitting accu-
rate readings at low current velocities. The leads from the
light source and the sensing device are led into a hydrophone
cable, and through the cable to the surface instrument package.
The instrumentation package was placed in a pressure cooker
which also served as a float. The pressure cooker contained a

motorcycle battery, a small amplifier for the signal from the

meter, a clock, and a cassette recorder.

7.2.3 cCalibration of the Impeller Current Meters

The current meters were calibrated in the M.I.T. towing
The major problem which had to be overcome was that the
fluorescent lighting in the towing tank interfered with the

Photocells in the transparent current meters., This was recti-

tank.

fied by shutting off the lights in the towing tank during cali-
bration runs. The current meters were painted black before #%they
were shipped to Castine, Maine, to prevent the ambient light
from interfering with the operation of the meters when they were
moored at the test sites.

The calibration procedure for the three meters constructed
in preparation for the 1972 Summer Ocean Engineering Laboratory
consisted of towing the meter at speeds of from 0.2 knots to
1.5 knots and employing a frequency counter to ascertain the
pulses per second received from the photocells for each speed.

It should be noted that the calibration results from all three

meters are identical. The empirical correlation between the
Pulses per second and the speed is:

speed (knots) =
7.2.4 Mooring

The mooring of the current meter is fairly simple (see
Figures 7.5 and 7.6)., A 50

0.25 + 0.53 {pulses/second)

-pound block is used as an anchor .

A lire is passed up from the anchor to the meter and then to a
flocat with 25 pounds of buoyancy mooregd
Thus there is a 25

just beneath the surface,
-“pound tension in the line at all times.
slack line attached to the hydrophone cable is

ment package floating on the surface,

A
led to the ingtru-
A buoy is attached to the

o
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subsurface float to mark the meter. This arrangement permits

the cassette to be changed without disturbing the current meter.

7.2.5% Conclusions
The meters performed as designed. The problem with ambj-

ent light interfering with the photocells was overcome by making
the flanges and impeller hub opaque. & problem developed with
mooring harness in that the meter was attached at its center of
gravity and when it was raised or lowered it tended to try to
rotate until its axis lined up with the mooring line. In one
such case the impeller of one meter was broken.

7.2.6 Recommendations

The mooring arrangement should ke redesigned to correct
the deficiency exhibited when the meter is raised or lowered
during implantation or retrieval. A device that will measure
current direction should be devised to act as a companion instru-
ment so that both current direction and velocity can be measured
at any given instant and recorded.

7.3 Current Direction Indicator

7.3.1 Objective

The major inadequacy of the current metering eguipment

became apparent during the initial weeks of the project. This
inadequacy lay in the inability of the meters to distinguish
current direction. It was decided that a companion instrument
capable of yielding data on current direction was required. Two
basic criteria were established: (1) The instrument should not
require diver assistance; and (2) the output shcould be compatible
with the digital recorder which was under development for use
with the current meters.
7.3.2 Background

During the 1971 Summer Ocean Engineering Laboratory, con-
struction of a current direction indicator was attempted using
a variable capacitor which tuned an oscillator circuit whose
ocutput was recorded in analog form {see Sea Grant Report XNo.
MITSG 72-3). The instrument housing and capacitor were mocred
in a fixed position and a vane (which was allowed to swing with
the current)} varied the capacitor position. This proved very

cumbersome, since it required a three-point moor, a buoying
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system to maintain the indicator's position vertical, pressuri-
zation of the instrument, and considerable diver assistance. The
large frictional resistance between the capacitor's shaft and
the watertight seals caused problems.

The requirement that the direction indicator be a companion
to the current velocity metering devices caused a drastic de~

parture from the concept of the current direction indicator
attempted in 1971.

as follows:
1)

The primary changes in design criteria were

Since the housings of current velocity meters

rotate to maintain their alignment with the current,
then the housing of the current direction indicator
must alsc rotate and the sensing device must main-
tain a constant orientation (as the sensing device
in a gyro or magnetic compass). In the 1971 design
the housing maintained a constant orientation and

the sensing device oriented itself to align with
current.

2) Since the data transmitted from the current velocity

metering devices are in digital format, the data
transmitted from the current direction indicator
must also be in digital format to permit the use of
the same recording and data reduction equipment.

In the 1971 design the data were transmitted in an
analog format,
3) Since the designs of the current velocity meters

were based upon a criterion of minimal diver involve-
ment, this criterion must also be invoked in the

design of the current direction indicator. As has

been previously stated, the 1971 design required
extensive diver services.
7.3.3 Results

To meet the design criterion that the housing of the cur

rent direction indicator must rotate and the sensing element
must maintain a constant orientation, the principle of the maqg-
netic compass card was utilized.

It was recognized that four
binary bits will permit the transmission of sixteen digital
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information bits. This characteristic can be utilized to iden=-
tify digitally sixteen 22-1/2° sectors. It is believed that,
for this application, further refinement of current direction
would not be sufficiently useful to justify the additional com-
plexity of additional binary bits.

A magnetic compass card was fabricated. Four concentric
¢ircles were drawn on the card and interrupted slots were cut
on the concentric circles such that rotation of the compass card
with respect to the housing would@ alternately interrupt or pass
light from one side of the card to one or more of the four photo-
cells located in a radial line on the opposite side of the card
and spaced to coincide with the four concentric circles. The
sixteen sectors are identified digitally by determining which of
the four photocells are exposed to the light source,

The instrument did not reach the test stage due to the late
starting date. The housing is a four-inch i.d. plexiglas tube
with end caps three-quarters of an inch thick fitted with O-ring
scals, The final version of the compass card uses two permanent
alnico magnets and is mounted on needle bearings. The sensing
unit's functional resistance to rotation was very small, but it
was sufficient to affect the reliability of the orientation of
the card with respect to the earth’'s magnetic field. The light-
sensing unit was put teogether and tested in the housing. No
problems were found in sensing the card position using this
method. lHowever, it was discovered that a small amount of iron
in one of the photocells affected the magnets on the card,

7.3.4 Conclusion and Recommendations

The success of the sensing method makes further attempts
at development of this instrument attractive. A compass card
with stronger magnetic units and less rotational friction is
reguired. If fabrication proves too difficult, a commercial
compass card can be adapted. If photocells which do not affect
the compass card cannot be obtained, then perhaps light pipes
can be used in the proximity of the card. Completion and testing
of the digital recorder and the interfacing circuitry is yet to

be accomplished.
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7.4 Oxygen and pH Meters

7.4.1 Objective -
The ambitious sampling project encompassed by the Holbfm

Cove Survey made the automation of the measurement of the en\'rl'

ronmental factors extremely attractive. The objective of this

Project is to provide instrumentation that will make the measun

ment of the oxygen content and pH of water samples a simple,

accurate procedure.

7.4.2 Background

During the 1971 Summer Ocean Engineering Laboratory .

preliminary measurement of dissolved oxygen concentrations were
made using the Winkler iodometric titration method. This prove
to be time-consuming and laborious. In planning the biological
investigation related to determining the effect of the Callaha:
mine outfall upon the ecology of Holbrook Cove, it became

apparent that it would be necessary to monitor all environment:z

conditions including the concentrations of dissclved oXxygen 1in

and the pH of each water sample. It was therefore decided +o

obtain a polarographic oxygen electrode and to construct an

oxygen meter for use with this electrode. In addition, a simpl

design for a pH meter was noted in the November 1968 edition of

Popular Electronics and it was decided to construct this devic
for use in the survey,

7.4.3 Results

Both the oxygen and PH meters were constructed.

Dnue +to:
limitations of time,

the oxygen meter was not used. The pH me:

was constructed, but the proper microammeter was not available

and the project's volt-chm meter was substituted. This substic

tion proved unsatisfactory due to the high impedance of the wvo!
ohm meter rendering the meter deflections
determination of the PH of the water sampl
limits of accuracy.

too small to permit

es to the desired
The meter was tested i

n buffer solutions
whose pH values were 4.0

+ 7.0 and 10.0 ang the readings appears
limits of accuracy permitted by the

to be correct within the
velt-ohm meter,
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7.4.4 Conclusions

Both meters appear to be operational and require only
minor modification (in the case of the PH meter) for increased
accuracy, and calibration {in the case of the oxygen meter).
They will greatly simplify the measurements of oxygen content
and pH.

7.4.5 Detailed Description of the Oxygen Meter and Probe

The polarographic oxygen probe consists of a silver tube
whose diameter is one centimeter which acts as an anode and con-
tains a gold cathode at its center. This cathode is maintained
at a constant voltage of -0.8 volts with respect to the anode.
Both the anode and cathode are coated with either teflon or poly-
ethylene which permits only the gaseous oxygen to diffuse through
the coating to the electrodes. This coating prevents the other
ions present in sea water from coming in contact with the elec-
trodes. The space between the teflon (or polyethylene) film and
the cathode is filled with a fifty percent normal solution of
potassium hydroxide.

Conductance between the anode and cathode is produced by
the following chemical reaction:

At the gold cathode

4 electons + 02 -— 4 0OH

(Thus, one mole of oxygen produces the flow
of four electrons}

At the silver anocde

4 Ag + 4 OH -~ 2 AgZO + 2 HZO + 4 electrons

{Thus, the conductivity between the anode
and cathode is proportional to the oxygen

concentration)
The purpose of the oxygen meter is to translate the conduc-

tance at the oxygen meter probe to a voltage which can then be
read on a standard voltmeter. The operation of the oxXygen meter
is a follows (see Figure 7.7).
1) A reference voltage is cobtained by adding in series
a silicon diode and a germanium diode forming a
voltage drop of 1.0 volts, which is nearly indepen-
dent of current flow.
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2} The reference voltage (1.0 volts) is maintained at
the inverting input of the first stage of the
operational amplifier by virtue of its high gain
{200,000) and using negative feedback.

3) An output voltage is developed when the conduc-
tance of the probe permits current to flow through
the thermistor. The ocutput voltage is directly
proportional to the current flow and hence to the
OXygen concentration at the probe.

In order to calibrate the oxygen meter, the following pro-

cedure is used:

1) Disconnect the oxygen probe from the oxygen meter
and check to be sure the voltmeter readout indicates
zero voltage. 1If the voltmeter does not indicate
zero voltage, place the oxygen meter switch in the
‘null" position and adjust the first stage offset-
null variable resistance pot until the voltmeter
indicates zero volts.

2) Place the oxygen meter switch in the "on" position
and adjust the second stage offset-null variable
resistance pot until the voltmeter again indicates
2oro volts.

3) Plug the oxygen probe into the oxygen meter. Check
te be sure that the oxygen meter switch is in the "on*
position, Place the probe in a solution of known
oxydgen concentration and adjust the calibration
variable resistance pot until the voltmeter indicates
a voltage that corresponds to the oxygen concentra-
tion of the solution being used for calibration.

7.5 Automated Data Recorder

7.5.1 Objective

The objective of this project is the design and construc-

tion of an autcmated system to: a) convert analog data to digital
format; b) record the converted data on magnetic tape; and ¢)
automatically transcribe the recorded data onto IBM cards for
data processing. The system is to have the capability of recceiv-
ing, converting and recording from several sensors during any

given time span.
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7.5.2 Background loy-
Plans for the Holbrook Cove Survey called for the depl an
. e
ment of current velocity meters at several locations and to

ongid-
these instruments in place to measure current data over c

. an
erable time spans. It did not appear practicable to expect

ally.
operator to man these instruments and record the data manu

ions
In addition, it was anticipated that a great many observati

were to be recorded and the time and effort involved in tran-—
scribing this information from analog format into machine-

readable digital format seemed prohibitive,
7.5.3 Results

The automated data recorder is designed and various of

the elements have been constructed and tested. The concept

appears attractive and feasible although there are still techni-
cal difficulties to be overcome,

The automated system consists of several units. These inch
1} Encoder (one for each sensaor)
2) Decoder
3)
4)

(one for each automated system)
Recorder {one for each automated system)
Power Supply (one for each automated system)
The encoder circuit has two major states:

conversion and data recording,
Ilbus L

analog to digits

The encoder is designed as a
instrument to allow for

of sensors, During the firgt
since the initializing pulse
flip~flops is displayed on th

general multiplexing of any number

major state, the time (in seconds)

which cleared all counters and

e "busg" lires. Each sensor's

recorder can begin. The method

chosen jg based on the standarg
technique involved in low-gpeeq remote computer terminals. The
data from each Sensor's counter ig Sampled in tyrp and conver

to the serial form: 8 data bits (mgp first)

ted
bitg,

r 2 stop
the tape by the method of

Start bijt,
The bits are recorded pp
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Frequency Shift Keying (FSK) in which one tone indicates a zero,
a second tone indicates a one. This transmission is terminated
by a data word of 377octal which serves as an end-of-record mark,

The decoder is in two sections. The first is a standard
teletype line receiver similar to the one used by Digital Equip-
ment Corporation in their Logic Handbook. The second part con-
verts the eight bits derived from the first part to two hexi-
decimal characters in Hollerith format. These characters are
sent to the relay drivers which cause the relays to simulate a
person punching the keys of an IBM 029 keypunch.

No special regquirements are imposed on the maghetic tape
recorder by the encoder and decoder., The application of the
automated data recording system, however, makes it mandatory that
it be compact, reliable, and conserve electrical energy. The
speed of the capstan drives should be independent of the power
supply voltage.

The power supply is any l2-volt dc electrical source. A
motorcycle battery was utilized during the 1972 Summer Ocean
Engineering Laboratory.

Since the automated system was not completed, a substitute
circuit was designed and utilized (see Figure 7.8). This circuit
is a standard astable multivibrator, except that one of the timing
resistors is replaced by a photoresistor. In addition, a resis-
tor has been added in series with the photoresistor to prevent
the resistance in this path from becoming such a small value
that oscillation ceases. Astable multivibrators will not com-
mence oscillation if both transistors are saturated. To prevent
this condition from occurring, the timing components were
selected to insure that they were extremely asymmetrical. The
purpose of this circuit is to convert the electrical pulse
{generated when the current velocity meter photocell is exposed
to its light scurce} into a veoltage which cscillates in the audio
range., This oscillating voltage was then used by the magnetic
tape recorder to record the pulse as an audible tone on the

magnetic tape.



uwexheTd ITOOITD I0FRIGTATITOM STJEISY

g*L =2aInbt4a

JI-I!
m FuAY 4w roo:
i . 123
~ »
| RT o_.—.mnv sP ¥
—
N = NP
T b3y Lotiee
o /BP 2dv3.




-78-

7.5.4 Conclusions

The automated data recorder system is technically feasible.
The primary problems encountered are fairly mundane. The power
consumption must be decreased if the system is to be operated
over the time spans envisioned. The timing and recording com-
ponents must be reduced in physical size.

The FSK transcriber requires additional design work. Its
major problem is that a scheme to generate signals to activate
the "skip" and "card release" functions on the IEM 029 keypunch
must be worked out.

The substitute astable multivibrator circuit worked, but
was not problem~free. The primary problems centered about the
photoresistor, which was affected by ambient light conditions.
This sometimes caused a frequency change in the audible tone
and on other ceonditions it prevented oscillations.

7.5.5 Recommendations

It is believed that perfection of the automated data
recording system will make a significant contribution to the
oceanographic data-gathering effort. For this reason, it is
recommended that this project be continued.

It is recommended that a redesign substituting MOS logic for
the existing TTL logic be undertaken to reduce power consump-
tion. This redesign will also make the recorder less sensitive
to the power supply voltage.

A review of the fregquency and time length of data samples
should be made since both affect the power consumption of the
data recorder system.

7.6 Tide Gauge
7.6.1 Objective

The objective of this project is to design and construct
an instrument which will accurately measure and record the fluc-
tuations in the water height during the tidal cycle. This in-
strument is to be capable of continuocus operation for at least
24 hours and is to be able to operate in all weather conditions.
7.6.2 Background

In conjunction with the measurements of current flows in
Holbrook Cove, it was desirable to obtain a measurement of the

water height at both the southern and northwestern entrances
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to the Cove simultaneously. These measurements, which would
require the construction of two instruments, would then be used
to determine the relative importance of each entrance during
the ebbing and flooding tides. After this was determined, it
was planned to move one instrument to various sites within the
Cove in an effort to further establish the tidal flood and ebb
patterns of the Cove.
7.6.3 Results

Due to time limitations, only one instrument was machined
in time for field testing. These tests, which occurred during
the final days at Maine Maritime Academy, were disappointing
because they yielded no accurate data and demonstrated that the
machine, as designed and constructed, did not meet the design
criteria. _ ' '

The data obtained from these tests more closely approximated

a step function than the expected sine function. A possible
explanation for this behavior is that the internal friction of
the machine could not be overcome by the small forces generated
by the minute tidal changes. Thus, only when the summatioh of
these forces became greater than some critical value, determined
by the frictional forces of the apparatus, would the machine
begin to scribe, rapidly dissipating the accumulated tidal force.

7.6.4 Conclusions

While the initial results obtained from this machine were
unacceptable, the prototype did indicate many specific areas of
the design which, if modified, would allow an instrument capable
of performing the desired function to bhe produéed. Fundamental
to these changes is the consideration of internal friction and
the selection of best methods to minimize this force.

7.6.5 Recommendations

The design of this apparatus is best considered as com-
prised of two components: The first component utilizes a Westclox
clock mechanism to power a rotating drum upon which a centinuous
graph may be scribed; and the second component which reduces
(scales) the vertical displacement of the tide and uses the
tidal energy to drive a scribe which marks upon the rotating
drum. To shield this entire component from the weather, it is
entirely encased in a plexiglas case.
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The details of the first component, which are found in
Figure 7.9, show the rotating drum mounted on a combination
thrust and radial bearing and driven by a pulley/belt arrange-
ment by the clock mechanism. A better design would be to uti-
lize a horizontal drum mounted by radial bearings cn both ends
of the drum. This double mounting will prevent any radial dis-
placement of the drum when subjected to the pressure of the
scribe and the conseguent binding which occurs when only one
bearing is used. Another improvement which suggests itself ig
the utilization of microchain and sprockets to rotate the drum.
This will overcome the slippage inherent in a pulley/belt arrange-
ment at very small angular velocities. A further time check
could be provided by a clock-activated scribe, activated at regu-
lar time intervals,

The second component, as shown by Figqure 7.9, is comprised
of a weight and a float suspended from a large sprocket by a
chain. The weight and float are designed to travel vertically
with the tide, rotating the sprocket wheel, which subsequently
drives a small pinion gear against a movable rack which is dis-
Placed vertically one-fifteenth the amount of the displacement
caused by the tide. Affixed to this rack is a scribe which stays
in contact with the drum continucusly. If the vertical rotating
drum is replaced by a horizontal rotating drum, the rack and
Pinion assembly can be replaced by an assembly utilizing a
screw-activated scribe, which should be an improvement.

As was previously indicated, the primary obstacle to the
machine functioning properly is that insufficient energy is
generated by small tidal displacements to cause the machine to
scribe continuously. As shown in Figure 7.9, the weight and
float are both suspended within tubes for the purpose of damping
cut any local surface disturbances on the water surface. AsS
shown, a float is placed in a tube open to the sea, while a
counterweight is placed in a tube sealed to the sea. This
arrangement allows the float to rise and fall with the water
admitted to its tube. It is apparent that the top and bottom
positions of the float during slack tide define the conditions

critical to the proper functioning of the tide gauge. These
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critical conditicons are summarized in Figure 7.10. The results
of the tests during the Summer Ocean Engineering Laboratory and
careful examination of Figqure 7.10 lead to the conclusion that
both the fleat and the weight must be increased in size if the
gauge is to function as designed. An obvious method of accom-
plishing this is to utilize a large doughnut-shaped float circum-
scribing a large sealed tube in which a counterweight is sus-
pended. This improvement would tend to minimize the nonlinear-
ity of the system indicated by the equations in Figure 7.12.
The nonlinearity can also be eliminated by properly calibrating
the tide gauge.

7.7 Detailed Bottom Topography of Holbrook Cove

7.7.1 Objective
The objective cof this project is to obtain the data re-

quired to build a detailed topographical model of the bottom
configuration in Holbrook Cove. As a first step it is necessary
to define the water height above mean lower low water as a func-
tion of time.
1.7.2 Background

It has been noted that some of the prominent bottom fea-
tures such as rocks and shoals are not indicated on the charts
of Holbrook Cove. In order to rectify this deficiency, a care-
ful and systematic program of taking and recording soundings,
using a small boat and lead line, is planned.
7.7.3 Results

During the 1972 Summer QOcean Engineering Laboratory there
was time to complete only the first step, i.e., prepare a nomo-
gram (see Figure 7.11) that will permit the predicticn of water
height above mean lower low water as a function of time. During
the process of checking this nomogram against observed tide
heights at the dock of the Maine Maritime Academy, it was dis-
covered that the scope of the tide was about 12 inches greater
than would be predicted using the Coast and Geodetic Survey

Tide Tables. An example of the use of Figure 7.11 is in Appendix
7.7.4 Conclusions

The tide height observations at the dock at the Maine

Maritime Academy agreed with the predictions calculated using
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the nomogram. Based upon the cbservations, it appears that the
corrections to tide height for Castine, Maine (as indicated in

the Coast and Geodetic Survey Tide Tables), are in error. The

correction for High water should read +1.7 vice +0.7.

7.7.5 Recommendations

The first step in the process of building the topographi-
cal model of the bottom configuration of Holbrook Cove is com-
Pleted with the preparation of the nomogram. It is recommended
that the nomogram be used to correct soundings taken in the sub-
sequent phases of the project to cbtain water heights correspond-
ing to mean lower low water depths.

7.8 Bottom Sample Corer
7.8.1 Objective

The purpose of this project is to design, kuild, and

test a corer to obtain bottom mud samples. The corer should be

inexpensive and easy to operate.
7.8.2 Background

There were two reasons for choosing this project. One
was to obtain experience in designing and building a piece of
oceanographic equipment; the second was to produce a corer that
would be available for use in the ocean engineering program at
Maine Maritime Academy.
7.8.3 Results

In the actual test in Holbrook Cove, the unit was lowered
into the water to check the balance. It was then lowered until
the messenger hit bottom, allowing the corer to fall. When the
corer was released, it was observed that the line holding the
tripping device, corer and messenger became taut and then went
slack. When the unit was retrieved, it was discocvered that the
line attaching the corer to the tripping device had been severed.
The boat used for this test had not been moored and the test

site was not buoyed. BAll attempts to locate the corer failed.
7.8.4 Conclusions

Judging from the observations of the line holding the
tripping device, corer and messenger, the corer penetrated the
bottom and would have permitted the retrieval of a core if it

had not been lost. The design of the corer should be modified
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to provide for a steel wire leader for attachment of the corer
to the tripping device.

7.8.5 Recommendations

Future tests of this device should be conducted only
after the boat has been moored and the site suitably marked so
that, in the case of severed lines, the lost units may be located
and retrieved. The basic design appears sound, although it is
not possible to state whether or not the samples retrieved using
the corer would ke sufficiently undisturbed to permit an accu-
rate reconstruction of the boundaries and depths of the sedimen-
tary layers.
7.8.6 Detailed Procedure

The corer consists of a body composed of an internzl pipe
and an external pipe. On the ends of these pipes are two fit-
tings called the head and tail. These fittings are threaded to
fit on the ends of both pipes. They are designed in such a man-
rer that the outer pipe will take the stress and the internail
pipe will retrieve the sanple. Once obtained, the sample is
removed by pushing the sediment out with a push rod@ which con-
sists of a woeden tip the same diameter as the internal pipe and
a rod longer than the pipe.

On one end of the tripping device is a messenger and on the
other side, the corer. The tripping mechanism and arm are all
designed so that the whole device, with corer and messendger,
will balance in the water. When the device is lowered, the mes-
gsenger, which has 35 feet of line extended ahead of the corer,
touches the bottom and allows the tripping arm to rotate and
the corer to fall to the bottom a distance equal to the messenger
line length plus four feet (the length of the corer). Once the

corer hits the bottom, the whole unit is raised and the sample
removed.
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APPENDIX A

DROGUE BODY COMPUTER PROGRAMS



APPENDIX A

The first computer program is modified solely by input data,
There is no need for a modification of the Source program,

One of the first data cards is a parameter decision card
specifying which options the user of the program wishes to uti-
lize. This is stated in the program listing. The flow chart
points out the various combinations of options possible. Com-
ment cards are permitted at certain peints to keep track of
special data.

One possible option is the use of data-smoothing subroutines,
The preferred smoothing subroutine is spline fit. Spline fit
approximates an idealized drafting spline curve through the data
positions. If the number of equations (positions) is too small
to permit the use of a spline, a least-squares fit subroutine
is used. _

Another important option is the IAXIS parameter which
rotates the axis such that the X coordinates can be plotted and
calculated as a function of the Y coordinates,

The spline and least-squares subroutines compute the Y coor-
dinates as a function of the X coordinates. A reversal in buoy
velocity will cause infinite looping in the spline and least-
sguares subroutines since they will yield two or more values of
Y for one value of X. If a buoy reverses direction, the program
will terminate the buoy path and restart it in the opposite
direction. In cases of vorticity {(in the Holbrook Cove Survey) ,
many restarted paths resulted. In those cases, it was specified
on the decision card that no interpolated values were desired
and that all broken Segments should be connected. Because the
spline fit subroutine allows the user to specify the placement
of the constraints on the eéquations, the user sometimes supplied
cards listing the position of constraints and/or position of
output points desired. If the user wished to place the con-
straint or position of output points, he specified a positive
number of constraints and dutput points, with the positions given
in X coordinates. If the user wished the program to pick the
Positions, a negative number was specified. If a buoy back-



tracked, the program itself decided on a number of constraints
and output points, and the placement of each.

In order to graphically represent velocities in addition to
pathlines, two subroutines placed either a tickmark for times
or a line through two or more buoy paths, depending on user
specification (e.g., if the distance between ten-minute tick-
marks decreased, the buoy was traveling slower. If the distance
increased, the buoy was traveling faster).

In the numerical printout part of the program, two types
of velocities were computed: a backwards difference velocity
and a centered difference velocity. The backwards difference
velocity is computed by dividing the distance between the posi-
tion under consideration and the position at the previous obser-
vation by the difference between fhe time of the observation of
the position under consideration and the time of the previous
observation. The centered difference velocity is computed by
dividing the sum of the distances between the position under
consideration and the positions of the previous observation and
the next subsequent observation by the sum of the differences
between the times of observation of the position under considere-
tion and the times of the previous and next subsequent observa-
tions. The subroutine STOREC could be further modified to allow
a least-squares or other velocity approximation if the user
wished to modify the source.

All sorts, with the exception of TSORT, are interchange
Sorts, as the number of sorted items cannot exceed 99, The 1limit
on the number of buoys' Segments is explained by the fact that
the program considers each buoy seqment caused by backtracking
to be a separate and equal segment (e.g., in the case of vorti-
city, a buoy input with 99 points may be composed of 20 or more
Segments, etc.). TSORT takes an already sorted list and puts
them in ascending order, in the event that they were originally
in descending order.

There are a few limits and constraints that are intrinsic
in the source program, and to be changed require the source to
be medified. Numerical limits are listed. Other major limits
not listed follow. The IWARN array is a controlling factor in




the dumping of input constraints and output positions for the
interpolation routines and timelines. If a buoy backtracks,
IWARN for that particular buoy is activated. This means that
all input constraints are dumped and replaced and that timelines
are not allowed on any of the segments (tickmarks are) .

Spline is used in all cases except where the number of
points is too close to the number of equations. Then, and only

then, is least squares used.
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C

C
C
C

¢66

802

£d8

801

ECS

COYO0 800

annmu_x_7LnHznﬁulx—7ﬁn-~\_mran“~2ﬁ0~+~.-
CXNCR= [DXNCR*{FLOAT{ INCO)+1.})/1CO.

J=100
NPTS=100

XQUTELI=XING(L1)
C) 802 M=2,95¢
XMTIM)=XCOUTIM-1)+CXNCR

CONT INUE

WRITE(KOT,8R8)
WRITE(KOT ¢35C)INTIME(L) yL=149) ) TCHAR,(MTIME(L) L=1,9),J,NBAK
IFUINCCL.GYL4 )G0TO 808

TYPE OF CURVE

NDEGX=INCO

IARITY=0

LEAST SQUARES

CALL INTERPINDEGX.+IARITY, NPTS]}

G3aTO 805

INCA=INCC-4

TYPE OF CURVE

SPLINE

XDK(L)=XIND(1)+DXNCR
DO BCL M=2,1MCA
XOK(M)=XDK{M=-1)+DXNCR

CONT INUE
IariTY=0

CaLL ocnxaMZmD.x~2n.4_70._znb.xcx.hca.xcra.<hcq._nm_q«-
IFITPUNLEQ.0)IGCTO 802

WRITE(KPCT,

mmo_AZA_tm.r_.rnr.o-.qmzbm-nzq—zm_r_¢ru~.c-.;-zmbx

WRITELKPOT,RE4)
RRITE(KPCT,B8L0}(YOUTI(L),L=1,1001}
WRITELKPOT, 870)
WRITEIKPLT, 8€01{XAUT{LIsL=1,100])
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TIMLOL10O9
TIMLOLLO
TIMLOLl11
TIMLOLL1Z2
TIMLOL13
TIMLOL14
TIMLOL1S
TIMLOL11&
TIMLOLL1T?
TiMLO1L8
TIMLGL19
TIMLOY20
TIMLOL2]
TIMLOl22
FIMLOL123
TIMLQ124
TiMLOle2S
TIMLOl26
TIMLOL 27
TIMLO128
TIMLO129
TIMLOL30
TIMLOL31L
TIMLO132
TINMLGL133
TIMLOL1 34
TIMLOL35
TIMLO1 36
TIMLOL37
TiMLOLl38
TIMLOL139
TIMLOL40
TIMLGL4L
TIMLOl42
TIMLOL143

TIMLOL 44
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£47

177

MBAK=MBEAK + 1

WRITE(KOT,877)
WRITE(KUT8SOYINTIME(L) yL=1,5)TCHAR IMTIMEIL) 4L =149} +JyMRAK
WRITELIKIUT377)

WRITE{KOT 85E}

CO 7C4 L=1yJ

WRITE{KOT 8¢68) YOUT(L)yXCUT{L)

CONT INUE

[F{IPUNLER.OIGCTO 8IC

WRITE(KP STy BEQY(NTIME(LY oL=1 191 o TCHARHIMTIME(L)yL=149),d+MBAK
WRITEIKPOUT, 8541}

WRITE(RKPIT,B€0MUYOUTIL) oL=114 )

WRITE{KPCT,BTC)

WRITEIKPET, BEQ)IIXTBUT(L)yL=1,yJ}

GOTC 800

MO AK=MBAK+}
CALL RSORT(XING,YIN),INCG)

SEGMENTED TINMELINE CR ANCT
IFC({ISTRLN-EGa0) u R {IMLINESEQe1))4ANDLUINCCACT2)IGOTO 666

J=1INCO

WRITEIKIT877)
WRITE(KOTy89CHINTIME(L) oL=1,9) s TCHARJIMTINME(L) yL =143}y JVEAK
[FOIPUNSLEQ.D)GOTO 711
WRITE(KPOT,350)(NTINEALY yL=14+9) s TCHAR, {MTIME(L)yL=1+5)¢d MBAK
WRITE{KPCT,854)
WRITE(KPLT,8¢€0)
WRITE(KPCT,370C)
WRITE(KPOT, R£0)
WRITE(KOT,855)
€O 255 L=1yIMC
WRITE(KOT,865) YINC(LI).XINO(L)

{YINO(L ) 4L=14 INCC)

(>INO(L) yL=1,INCO)

£55 CONTINUE
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1.0 INTRODUCTION

This report is the first of two volumes concerning the
accomplishments of the 1972 M.I.T./Maine Maritime Academy Sea
Grant Summer Ocean Engineering Laboratory. It describes the
investigations students conducted in an oceanographic and bio-
logical survey of Holbrook Cove in July 1972. The second report
deals with their succebsful search for the remains of a Revolu-
tionary War privateer, the design and construction of equipment
for use in future Summer Ocean Engineering Laboratories, and
other activities.

The Summer Ccean Engineering Laboratory provides undergradu-
ate ocean engineering students an opportunity to combine theory
and practice when they design simple equipment and test and
operate this equipment in the real environment for which the
students must prepare themselves.

We selected two major projects in which all the students'
equipment could be utilized in coordinated efforts; thus each
student had an opportunity to contribute useful results to a
real-world ocean engineering project. These two major projects
are a comprehensive survey of Holbrook Cove and a systematic
search for the remains of American Revolutionary War ship hulks.

For the students, the Summer Laboratory demonstrated that
there is more to ocean engineering than just conceptual design
and theoretical analysis. They dealt first-hand with Murphy's
Law. They experienced the rigors of the marine environment,
including the limitations of weather, the swift devastation of
corrosion, and the exacting demands of hydrostatics.

Their benefits, judging from the students' post-Summer Lab
inperests and activities, include: a better perspective of their
academic experiences; an enhanced appreciation for the relevance
of the various elements that comprise an ocean engineering
curriculum; an intensified curiosity directed toward unfamiliar
facets of ocean engineering; and, in some cases, an inspiration
for a special project or thesis.

In the report of the 1971 Summer Ocean Engineering Labora-
tory we stated:
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The opinion of all who were involved with this project,
students and faculty of both M.T.T. and Maine Maritime
Academy , visiting faculty, and consultants, was that

this program served an educational purpose that is essen-
tial early in the students' Ocean Engineering education.
211 hands were exposed to the myriad of problems encoun-
tered in attempting to apply theory and classroom experi-
ence to equipment and procedures that must work at sea
without the enormous expense and pressure of full-scale
industrial or government projects. The usual mistakes
were made in an environment where they could be dealt
with without cost or loss of essential data and the

lesgons were learned.

Our experience during this second Summer Ocean Engineering
Laboratory reinforces our faith in the value of this educationa.

experience.



2.0 SUMMARY
2.1 Objective

The objective of the Holbrook Cove Survey is to gain an
understanding of its hydraulics and ecology in order to ascer-
tain the effect which the effluent from the Callahan mine outfall
has upon the Cove.

Holbreok Cove is located approximately one-half mile south-
west of Castine, Maine, and appears on U.S. Coast & Geodetic
Survey Chart number 311, as well as the Department of Interior/
Department of the Army topographical map of Castine, Maine,

2.2 Background

This project permitted the M.I.T. and Maine Maritime Academy
students to design, construct and utilize individual equipment
and employ them in the marine enviromment in a coordinated attack
upon a real problem. It had come to the attention of those par-
ticipating in the 1972 Summer Ocean Engineering Laboratory that
heavy metal pollution is a problem in the coastal areas of Maine
and that a relatively new mining operation had opened in Holbrook
Cove. It is deemed possible that the effluent from the outfall
of this mining operation has a profound effect upon the ecology.
The following research projects were planned and coordinated to

study this problem.

PROJECT STUDENT PARTICIPANTS
Tidal Current Streamlines and Cebelius, Kennedy and Lukens
Velocity
Temperature and Salinity Murphy
Chlorophyll 'A' Content Chertow
Benthic Infauna Distribution Dwyer, Lee, Seo
Tidal Height Fluctuations Barnes
Detailed Bottom Topography Cameron, Cianchette and Sautter
Bottom Soil Structure Barriault

Water Oxygen Content Murphy



2.3 Results
The results of the individual projects are as follows:

Project Results

Tidal Currents . Streamlines at various tidal
phases have been established.
Current velocities have been
calculated. Current velocities
have been measured on a real-
time basis at the northwestern
and southern entrances to the
Cove., Fluctuations indicate a
seiche in the Cove has a profound
effect upon the velocity at any
given time.

Temperature and Salinity These measurements were made.
The results are contained in
Tahles 5.1, 5.2 and 5.3.

Chlorophyll 'A' content These measurements were made.
The results are contained in
Figures 5.3, 5.4 and 5.5 and
Tables 5.1, 5.2 and 5.3.

Benthic Infauna Distribution Still being analyzed. Initial
trends indicate that the biomass
and numbers of individuals are
at a minimum at the sampling
station nearest the outfall.
This may indicate that the efflu-
ent has an adverse effect on the
biota.

[

Tidal Height Fluctuations A tide gauge has been built and
tested, but the scribe mechanism
and the magnitude of frictional
forces did not permit the gauge
to give useful results.

Detailed Bottom Topography A nomogram was prepared to permit
the soundings to be related to
the MLLW datum. In testing the
nemogram against ohserved tidal
heights at Castine, it was noted
that the scope of tide appears to
be about one foot greater than
indicated in the tide tables. Time
precluded the detailed sounding
program execution.



Project Results

Bottom Soil Structure A corer and release mechanism
were designed and built. During
the first ig_situ test the messen-
ger line used for retrieval was
severed and the unit could not be
relocated for recovery.

Oxygen Content of Cove Water An oxygen meter was designed and
constructed for use with an oxy-
gen probe borrowed from the Woods
Hole Oceanographic Institution.
Time precluded calibration. No
measurements of oxygen content
of Cove water were made.

2.4 Conclusions

It is apparent that the educational objectives of this
project were met. All of the rigors of the marine environment
were apparent from the restrictions of weather to the effects
of corrosion. The constraints of time demonstrated that careful
pPlanning is necessary if this priceless commodity is to be con-
served and that, if it is not conserved, the entire effort up
to the deadline may end in frustration. The loss of the corer
dramatically demonstrated the need for failure analysis and pro-
vision of safequards to handle those failures which may occur
if an entire project is not to be jeopardized by some malfunc-
tion. Finally, the students received practical training in boat
handling, safety at sea, navigation and the discipline these
activities imply.

The research objectives were partially met. The results of
the investigations into the hydraulics of the Cove indicate that
there may be a seiche that significantly affects the current
velocity magnitudes. Sampling of data at thirty-minute inter-
vals does not give a meaningful result in this instance since
the sampling intervals must be less than half the period of the
seiche to obtain a meaningful real-time result. The gross flow
patterns in the Cove have been defined particularly in the vici-
nity of the three entrances. Finally, the results suggest that
the variation of current velocity with respect to depth is sig-

nificant and should be investigated.
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The results of the temperature and salinity survey reveal
no anomalies in the absence of flow from the mine outfall.

The chlorophyll 'A' measurements do not suggest any effect
upon chlorophyll ‘A’ distributions in the vicinity of mine out-
fall. In the absence of a constant effluent flow, none would
be expected.

The preliminary results in the study of the benthic infauna
distribution suggest that there is a detectable adverse effect
upon the ecology in the vicinity of the mine outfall.

2.5 Recommendations

The Holbrook Cove Survey is incomplete as of this writing.
From the research point of view, there is still a great deal to
be learned in this relatively small geographical area. A better
and more complete survey could and should be conducted, taking
advantage of the lessons and mistakes of the 1972 effort. Cer-
tainly, the equipment not used in the 1972 survey should be em—
ployed to complete those research objectives not carried out in
this effort because of the limitations of time.

A determination of the period and magnitude of the seiche
in Holbrook Cove and its effect upon the flow patterns is a very
intriguing project and the most effective means appears to be
through the use of current meters. A second study which sug-
gests itself is the determination of the variation of current
with respect to depth. Both of these projects would be enhanced
by the design and construction of a device that will establish
current direction for use with the current magnitudes as mea-
sured by the current meters,.

If the Callahan mine outfall is discharging effluent, a reg
tition of the study of the chlorophyll 'A’ distribution seems
indicated. Perfection of a method to measure the concentration
of heavy metal ions to correlate with the clorophyll 'A' pattern
is highly desirable.

From the educational viewpoint, the efforts in surveying
the Cove are ideal. The project is of necessity interdiscipli-
nary and careful coordination is required if the results are to

be meaningful. This coordination imposes the discipline of
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scheduling, which is one of the very real constraints not ade-
quately imposed by any other form of educational experience.
It is therefore recommended that the survey effort be considered

for future Summer Ocean Engineering Laboratory projects.
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3.0 DETERMINATION OF THE CURRENT PATTERNS IN HOLBROOK COVE
3.1 Cbjective

This project has as its obijective the determination of the

current velocities and streamlines in the Holbrook Cove estuary
as a2 func+tien of time and tide. Data were obtained by the use
of drogue kuoys (see Figure 3.1). By recording the geographical
positicn of each buov and the associated time, velocities and

positicons have been calculated.

Figure 3.1
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of the baseline, simultaneous measurements of the relative angle
between the baseline and the line of sight from each transit to
a buoy were made and recorded. The units of measure employed
were

Directions and angles--degrees and minutes

Baseline length--meters

Time--hours, minutes and seconds

3.3 Limitations of Accuracy

Factors affecting data accuracy were both natural and mech-
anical. The natural factor that was of concern was the effect
of the wind upon the paths and velocities of the buoys. Wind
velocities in excess of two knots were considered to measurably
affect data accuracy, and wind velocities in excess of five knots
were considered unacceptable. In reducing the data, all measure-
ments taken in conditions involving wind velocities in excess of
two knots were discarded. 1In reducing the data, it appears that
there may be some measurable wind effect at velocities of one to
two knots. This fact led the team to concentrate the data-
gathering effort into the very early morning hours in which there
is generally no measurable wind.

Mechanical factors affecting the accuracy of the data were
the limitations equipment imposed upon the measurements of the
baseline lengths, line-of-sight angles with respect to the base-
line and the times of each measurement. The end positions of
the baselines were established by locating them on a chart of
the estuary with respect to landmarks depicted thereon. Lengths
of the baselines were determined by first calculating the length
by means of triangulation and then measuring the distance between
the two end positions as located on the Coast and Geodetic Sur-
vey Charts. Table 3.1 contains a comparison of the length of
the baselines as determined by triangulation and by measurement
from the Coast and Geodetic Survey Charts.

It is estimated that the line-of-sight angles with respect
to baseline were measured with limits of accuracy of about
tone-half degree of arc. Time was measured to the nearest tenth

of a minute (six seconds).
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Table 3.1

COMPARISON OF LENGTH OF BASELINES AS DETERMINED
BY TRIANGULATION AND MEASUREMENT (CGS CHARTS)

LENGTH
MEASURED MEASURED

FROM BY
BASELINE CHART TRIANGULATION
0157195 823 950
026/206 311 321
108/288 347 368
122/3G2 293 246
146/326 329 333
174/354 466 397

3.4 Data Reduction

The large volume of data collected made the use of a compu-
ter highly desirable. The quality of the data was carefully
examined and several series of observations were disregarded
because they appeared to have been severely affected by wind.
The remainder of the data was then sorted first by utilizing a
computer program to calculate buoy velocities and then discard-
ing all inconsistent observations. For example, if a buoy's
velocity changed drastically between observations and then

appeared to return on succeeding observations to values consis-—

tent with earlier observations and the buoy's position was
inconsistent with those established by preceding and succeeding
cbservations, the data corresponding to the nonconforming obser-
vation was discarded. This procedure was adopted after it was
noted that the paths of the buoys were linear or involved only
slight degrees of curvature, except for a very few instances in
which buoys came under the influence of a vortex. In those
instances, only the most erratic cases were disregarded.

The data reduction required solutions of two equations of
the form:
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P =f(x,y)

Vn=g(Pn,P(n_l),&T)

where

P and P(n—l) are buoy positions at times n and
(n-1} respectively;

f and g are functions involving the parameters
contained within the parentheses which
follow them;

X and y are orthogonal coordinates in a two-
dimensional grid system with the x coordi-
nate measured parallel to the chservation
baseline;

AT is the time interval between the cobservations
establishing the positions Pn and P(n—l}'

In order to define the positions of the buoys in terms of
the coordinate system, x and vy, using the baseline as the base
of a triangle and the lines of sight from the ends of the base-
line to the buoy as its other two legs, the computer was uti-
lized. The known quantities are the length of the baseline and
the two included angles between the lines of sight and the base-
line, Establishing one end of the baseline as the origin of
the coordinate system, the calculation of the orthogonal projec-
tion of the leg formed by the line of sight from that end of the
baseline to the buoy defines the x coordinate. The calculation
of the altitude of the vertex, formed by the intersection of the
two lines of sight, with respect to the baseline defines the
Yy coordinate. The computer was programmed to calculate the x
and y coordinates using the law of sines. No attempt was made
to utilize a single coordinate system for the entire estuary,
but rather a different one was used for each baseline. If de-~
sired, a set of transformation equations could have been derived,
but it would have unnecessarily complicated the problem. Stream-
lines were represented graphically on a chart of the Cove.

As a matter of expediency two Fortran IV programs were written,
The first calculated the x and y coordinates and the velocities

punching the calculated data onto cards which served as data



-12-

for the second program. The latter program p‘.Lotted the :treal;l:
lines on a mechanical plotter. These streamllnt-.zs were then p
siticned on a chart of the Cove and a reproduction made from
e ris:i:;ing of each of the two programs is found in A[.Jpendlx
A. A description of the first program is also included in 1-:he
appendix, but, since the second program merely reads C:Ttrtesa.an
coordinates and calls an IBM-supplied plotting subroutine, no
description seems to be required.

. ts

e ::::ie 1.2 is a reproduction of the chart of Holbrook Cove
showing its major physical features and the surrounding land-—
marks. The features which appear to have the greatest effect
upon the flow patterns of the Cove are three entrances: the
sandbar (northern entrance), the Nautilus Rock Channel {(north- |
western entrance) and the Goose Falls Channel (southern entrance)
The sandbar is submerged from zero to eight feet, varying from
three hours before high tide to three hours after high tide,

Since the drogue buoys used in this project required at least
five feet of water depth,

nity of the sandbar.

little data was obtained in the vici—
It should be noted that all times in the

figures which follow are recorded in hours and minutes from

the High or Low tide. The times of High and Low tide were cal—

Culated based upon the U.S. Department of Commerce Tide Tables
using the correction factors for Castine,

Maine (see Appendix B)
The data

have been grouped intc six time pericds, each cor-
responding to approximately a two-hour phase in the Tidal Cycle.

The names and approximate time limits of each phase are con-
tained in Table 3.2.

Figures 3.3 and 3.4 contain the streamlines

and flow velo—
cities,

Tables 3.3 through 3.8 list the dates of the observa-
initial and final observation times
to the hours and minutes before or after th
the baseline from which

tions, (recorded with respec

e high/low tide} and
the observationg were made .

The base-—
lines are identified in Figure 3.2,
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Table 3.2

NAME AND APPROXIMATE TIME BOUNDARIES OF TIDAL PHASES

NAME BEGINNING END

Pre-High Phase 3 hours before high tide 1 hour before high tide

High Phase 1 hour before high tide 1 hour after high tide
Post-High Phase 1 hour after high tide 3 hours after high tide
Pre~Low Phase 3 hours before low tide 1 hour before low tide
Low Phase 1 heour before low tide 1 hour after low tide
Post-Low Phase 1 hour after low tide 3 hours after low tide

3.6 Conclusions

The streamline and velocity charts for the pre-high phase
{Figures 3.3 and 3.4) reveal that bucy direction reversals begin
with those buoys located closest to the scouthern entrance. The
tidal flows appear to initiate approximately 45 minutes earlier at
the southern end than at the northern end of the Cove. There
appears to be a tidal phase gradient in the area of the Cove
bounded by the socuthern entrance and by Ram Island. The stream-
line chart (Figure 3.3) for the pre-low phase indicates slack
water about one hour before the predicted low tide at Castine,
Maine. The velocity chart (Figure 3.4) for the low phase indi-
cates rather high velocities at the times of predicted slack

water at Castine, Maine. It is noted that buoy velocities appear

to decrease as they approach Ram Island,
The basin north of Ram Island can be pictured as a large

tank with four inlets/outlets (one of which is open for about

three hours before and after high tide). The currents through the

northwestern and southern entrances to the Cove in post-low and
pre-high phases are in opposition in the shallow channel west
of Ram Island. The current from the southern entrance

is pre-
dominant and forces water back toward the northwestern

entrance .
As the current in the southern entrance begins to shift

from floeod to ebb, water continues to fill the basin. By the

time the current at the northern entrance (the sandbar) begins




DATE

7/25
7/25
7/25
7/19
7/1%
7/19
7/19
7/19
- 7/19
7/25
7/26
7/26
7/26
7/26
7/26
7/26
7/25
7/25
7/25
7/25

7/25

BUOY
F3R
F4R
F30
K3B
K2ZRB
K3RB
K3R
K3w
K3WG
E3wW
C2R
C3W
C2B
C3B
D20
DZ2R
E3Y
E4Y
E3RB
E2W

F3B
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Table 3.3
TIDE PHASE: PRE-HIGH

TIME TIME
START END
-3:00 -2:29
-2:10 -1:07
-3:56 +0:36
~5:05 -3:36
-5:00 -3:04
-2:41 -1:48
~2:43 -1:55
-2:42 -1:48
-2:39 -1:50
-1:53 +0:08
-2:22 ~-1:54
~3:03 -2:25
-4:10 ~2:55
-2:30 ~2:20
-2:08 -1:21
-3:19 -2:58
~2:40 -2:12
-1:54 -0:50
-2:35 -2:09
-2:41 -2:14
-3:35 -3:00

OBSERVATION
BASELINE

026/206
026/2086
026/206
108/288
108/288
108/288
108/288
108/288
108/288
146/326
108/288
108/288
lo08/288
lp8/288
174/354
174/354
146/326
146/326
146/326
146/326
026/206
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Table 3.4

TIDE PHASE: HIGH

TIME TIME OBSERVATION
DATE BUOY START END BASELINE
7/26 D1Y -2:06 +2:03 174/354
7/26 D30 -0:59 +1:57 174/354
7/26 D2RB -1:00 +0:41 174/354
7/26 C3R ~1:31 +1:40 108/288
7/26 C4B ~1:56 +1:50 108/288
7/24 G10 -0:04 +1:45 015/195
7/24 GIR ~0:06 +1:42 015/195
7/25 F5B ~1:03 +0:35 026/206
7/25 F5R ~0:59 +0:37 026,206
7/24 G1B -0:04 +1:38 015/195
7/24 HIW ~0:42 +0:22 146/326
7/24 HIRB ~0:45 +0:25 146/326
7/11 LIR -1:03 +0:25 122/302
7/11 L1W -1:04 +0:27 122/302
7/11 LIWG -1:06 +0:30 122/302
7/11 L1RB ~1:05 +0:31 122/302

to ebb, the basin has begun to empty. The current through the
northern entrance (the sandbar) begins to flow into the basin
and the currents through the outlets formed by the northwestern
entrance and the channels east and west of Ram Island flow out
of the basin. When the water level falls below the sandbar in
the northern entrance, blocking flow, the currents through the
remaining three outlets continue to flow out of the basin until
the next current reversal at low tide.

3.7 Recommendations

The use of buoys and transits is subject to many limitations.

First and foremost is the restriction on their use to pericds of
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Table 3.5
TIDE PHASE: POST HIGH

TIME TIME OBSERVATION

DATE BUOY START END BASELINE _
7/23 I1RB +0:51 +2:32 015/195
7/23 I1W +0:52 £2:32 015/195
7/23 I1B +1:00 +2:34 015/195
li 7/23 110 +0:57 +2:31 015/195
3 7/24 G20 +2:54 +3:22 015/195
1 7/24 G2R +2:53 £3:21 015/195
§ 7/24 G2B +2:56 +3:20 015/195
| 7/24 H2RB +1:17 +3:12 146/326
{ 7/24 H2Y +1:16 +3:13 146/326
v 7/24 H2W +1:20 +3:09 146/326
§ 7/8 M1RB £2:07 +2:42 122/302
% 7/8 M2RB +3:12 +3:44 122/302
? 7/11 L2R +1:26 +3:17 174/354
% 7/11 L2WG +1:20 +2:20 174/354
7/11 L2W +1:21 +2:21 174/354
f 7/22 J1w +1:45 +2:51 108/288
o 7/11 L2RB +1:20 +2:20 174/354
| 1/22 J2R +1:43 +2:49 108/288
7/22 J1B +1:44 +2:50 108/288
7/22 J1Y +1:44 +2:36 108/288
7/22 J10 +1:57 +5:26 108/288
7/26 D3RB +1:08 +1:55 174/354
7/23 I1Y +0:53 +3:20 015/195
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Table 3.6

TIDE PHASE: PRE-LOW

TIME TIME OBSERVATION
DATE BUOY START ~ END_ BASELINE
7/22 J2Y -2:27 ~0:15 108,288
7/22 J2R -2:30 -0:52 108/288
7/22 J2B -21:32 -0:27 108/288
7/22 J2RB ~2:33 ~0:42 108/288
7/24 H3Y -2:09 ~1:25 146/326
7/24 H3W -2:14 -1:26 146/326
7/23 12Y -1:43 -1:23 015/195
7/23 120 ~1:41 ~1:22 015/195
7/19 K1WG ~1:19 -0:31 108/288

little or no wind. This severely limits the time available for
gathering data. 1In addition, the buoys proved to be difficult
to place in position, transport and store.
The transits require rather large crews since two transits
are required per baseline and two or three men are needed at
each station to communicate, man the transit, and record data.
The communications and recording duties can often be combined
but, since at one of the transit stations a person must coordi-
nate the sighting by the two stations, it is difficult to operate
with less than four persons manning the two transits, while five
persons appear to be optimum. There is also the added problem
that, since buoys often run aground and in order to understand
the currents, buoys must be frequently repositioned, an addition-
al person is required to man a boat. Fatigue will also begin to
take its toll, if a statjon is to be run over four or five hours
and a replacement crew will be required. In short, buoy and

transit stationg require too many people to be an optimum solution.
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Table 3.7

TIDE PHASE: LOW TIDE

TIME TIME OBSERVATI(
DATE BUOY START END BASELINE
1/27 Al0 -3:03 +1:30 026/306
1/27 AlY +0:09 +1:29 026/306
7/26 C1B -0:18 0:00 108/288
7/27 B3W +0:33 +1:21 108/288
7/22 J3RB +0:03 +1:08 108/288
7/22 J20 +0:05 +1:07 108/288
7/22 J3R -0:01 +0:47 108/288
7/22 J3B +0:02 +1:08 108/288
1/22 J3y 0:00 +1:15 108/288
7/22 J3IW ‘ -0:02 +0:38 l108/288
7/19 K1w -1:16 -0:02 108/288
7/19 KILRB -1:17 +0:04 108/288
7/19 _ K1R ~1:18 +0:03 108/288
7/25 F1R +0:14 +0:59 026/206
1/25 F1B +0:12 41302 026/206
1/26 ClR -0:22 +1:52 108/288
7/26 ClW +0:06 +1:37 108/288

Before buoys are employed in future projects, they should

be redesigned to pemmit operation under unfavorable wind condi-
tions. The visible part of the buoy should be made more easil
identifiable and less dependent on lighting conditions, go in-
creased distance and bad weather will not hamper tracking. The
operational maximum was six buoys with a sighting period of
approximately s8ix minutes. The optimum was four buoys with a

three-minute tracking period. Acoustical tracking by means of
sonar might be an alternative,

The use of stationary current meters would eliminate many
of the problems of buoy tracking, but would raise new ones. Ag
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Table 3.8

TIDE PHASE: POST-LOW

oaze BUoY START END PPASELINE
7/26 D1RB +0:14 +3:05 174/354
7/26 Dlo +0:15% +3:00 174/354
7/26 K2W +1:13 +3:12 log/288
7/26 K2R +1:15 +3:15 log/288
7/26 K2WGS +2:01 +2:28 108/288
/25 F20 +1:09 +1:55 026/206
7/25 F2R +1:18 +3:14 026/206
Z/25 F2B +1:16 +2:19 026/206
7/25 E1W +1:10 +2:43 146/326
7/25 E2RB +2:22 +2:47 146/326
7/25 E2Y¥ +2:02 +2:45 146/326
7/26 Cl0 =-0:19 +2:43 108/288
7/26 C2W +1:53 +2:44 108/288
7/25 ElY +1:13 +1:44 146/326

it stands now, most current meters provide a current magnitude,
but a current direction would also have to be obtained. Another
limitation of current meters is the fact that they are difficult
to moor and reposition.

An optimum approach might be the use of a combination of
buoys and current meters. The buoys, of course, utilize a
Lagrangian type of coordinate system, while the current meters
use a Eulerian type of system, but with the information from
both, an exceptional picture of the hydrodynamics of the Cove

could be obtained.
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4.0 DETERMINATION OF CURRENT VELOCITIES VERSUS REAL TIME IN
THE SQUTHERN AND NORTHWESTERN ENTRANCES OFF HOLBROCK COVE

4.1 Objective
The objective of this project is to measure current velo-
cities in the center of the channel at the southern and north-

western entrances of Holbrook Cove over a complete tidal cycle.
4.2 Procedure

The current meters were moored in approximately the center
of the southern and northwestern channels at a depth of approxi-
mately 10 feet at low tide, A clock-timing device was used to
record the current meter pulses on magnetic tape for a period
of four minutes at half-hour intervals, on the hour and half-
hour. The magnetic recorders were later retrieved. An operator
rewound the tape, placed the tape recorder in the "play” mode
and counted the number of Pulses over a 10-second interval.
Current velocities were then determined using the pulses per
second to enter the calibration curves.

4.3 Results

Figures 4.1 and 4.2 are plots of current velocities at 30~
minute intervals. The tidal phase noted at the bottom of the
figures relate the time to the tidal phase at Castine. Figures
4.3 and 4.4 compare buoy velocities calculated from observations
taken in the vicinity of the current meter positions with the
results of the current meters. It should be noted that the buoy
observations were not made on the same day that the current
meters were implanted and that the buoy positicns are in the
same general area, but not identical to the positions of the
Current meter. It should also be noted that the current meters
were placed a fixed distance from the bottom of the Cove and
their depths therefore vary with the height of the tides. It
is estimated that the depth of the current meters varied from

approximately 10 feet to approximately 20 feet over the complete
tidal cycle.

4.4 Conclusions

In comparing the results of the current meters and the
buoys, it appears that there may be a periodic velocity fluctua-
tion that significantly affects the magnitudes of the currents
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in the Cove. The results suggest that the period of this oscil-
lation is about 8 to 12 minutes and the velocity variations may
be as much as plus or minus 30 percent around some mean value.
Based upon the results of both the current meters and the
buoy velocities, it is concluded that the tidal currents in
Holbrook Cove are significantly affected by a seiche. 1In pPlan-
ning the project, this result was not anticipated and the time
intervals selected for recording currents was arbitrarily set
at 30 minutes. In addition, it appears that there is a signi-
ficant reduction in the current velocities recorded by the cur-
rent meter when the depths are greatest, i.e., near high tide.

4.5 Recommendations

While it appears that the current meter and recording sys-
tem functioned properly, the reduction of data by counting the
number of "beeps" over a time interval as a means of establish-
ing velocity is far too time-consuming. It is therefore recom-
mended that a means of recording velocity that will permit a
more automated reduction of data be devised.

It is also recommended that any future projects consider
the possibilities of a seiche and velocity measurements be made
continuously over longer time spans or, if intermittent current
velocity measurerments are made, the interval between measure-
ments be shortened to a period that is less than half the period
of the estimated seiche.

Finally, it is recommended that a vertical array of current
meters be deployed to establish the velocity profile as a func-
tion of depth.
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5.0 TEMPERATURE, SALINITY AND CHILOROPHYIL
5.1 Temperature and Salinity Patterns

jective o .
i ::ee;trpose in studying temperature and Scjill;'l;;::iiy&
Holbrook Cove is to obtain baseline data us:T;uble in revailin
sis. This data will be useful in establishing Fh? PS may ath
conditions in Holbrook Cove, and how these condltloltlve i
biology and water movement. The design of inexpensi

: ; d to achim
sampling bottles and their construction was require
the primary objective (see Figure 5.1).

5.1,2 Background

., ad practis
Salinity and temperature analysis is a standard p
in physical Oceanography .
horizontal ang vertical ext
estuary, Presumably,

i the
Salinity gives a good idea of o
i Ric
ent of dilution in the Holbroo d
n
fresh water from both the Ragaduce a

. R
€ 8ea water in the area of the Cove
water also has 3 day-to—day effect,

extensive enough to drawy any conclus

Temperature ig of equal value t
any geographical basin
type. Temperature ten

although sampling was not
ions about this effect.

© the oceanographer. With
+ One generally finds more than one wate

ds to be the Prime indication of a trans
Pe to another
undary,

a controlling effect on the big

tion from one water ty

; and the word thermocline
denotes just such 3 bo

Temperature ig seasonal, and hz

logical community .
temperature and s

at which the Sample wag taken,
density of the water sample,

alinity, coupled with the depth

can be combined to calculate ti

Density, also a characteristic ¢
the Particular water, determip

to some extent,
bottom of basing .
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Figure 5.1

Sampling Bottles
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TAagLE 5.1
TEMPERATURE, SALIMNITY, DENSITY AND CRLUROPHYLL 'A?
AT DEPYH = £ METERS

STATION TEMPERATURE  SALINITY SICMA 17¢ CHLOROPHYLL 'A?

{DEGREES {¥ICADGAAMS
CENTIGRADE ) PER LITE?)

18 17.% 25444 13.12 1.526
ic 17.5 25.7%48 a2 la/l?
2A 17.0 25.b0 lie4D la%17
28 15.0 25.22 12,49 Lo2al7
ZC 17.0 24.34 I?- 7d 1.?’!4
3A 17.C 25439 12.13 1417
38 17.0 25.1D 1d.17 l. 290
3C 18.0 259402 17.9¢ Je 231
4 A 17.5 24.tY 17.74 la%17
48 17.5 24488 17.79 1.9
“C 13.0 29444 15.01 1.4107
5 A 17.0 2537 114,496 1,199
58 14.0 264720 19.44 Y, 381
SC 17.2 2712 15425 1.417
A4 17.0 285465 18,40 1.329
&R 13,0 21.35 le.20 l. 794
6C 14.0 26,97 16,99 2.1230
TA 17.3 20e13 leaBY Y. 81
70 17.5 2ue3 15452 NenT2
7C 17.90 294133 13.15% Y. 081
3 17.¢ RV 11.51 1o +30
B 9.0 -’6_{'0 1h. T4 \. .,.‘0

gc Jo 4 ’l
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TAGLE 4.2
TEMDE RATURE, SALINITY, DENSITY AND CHLCROGPHYLL ‘A
AT DEPTH = 3 MLCTERS

STATICN TE¥PERATURE SALINITY SIGMA T CHLCROPHYLL 'A?

{CEGREES { MICRCGRAMS
CENTIGRADE) PER LITER)
1A 15.0 28.72 2002 1.526
iB 15,0 26.20 15.03 1.309
1c 14.0 26.26G 16.51 1.635
2 A 17.0 25.82 18,52 1. 744
7n 11.5 26.11 16.32 1.962
2C 15.0 206.358 1%.38 2.299
A 12.0 27.46 20.78 1.535
38 10.0 27.28 2C.97 1.526
3L 13.0 29.07 22.30 1.199
4 A 10.5 27439 20.97 1.744
4R 13.0 27.08 21.03 1.353
4C . 10.5 2¢.18 20.03 1.199
SA 12.5 28.51 21.50 2.071
58 7.5 28.18 21.74 1.962
5C 11.0 P.E7 2204 2.3958
&6A 11.0 234265 21.54 l.744
68 9.5 29.00 21.79 24507
ﬁc 10-0 23."}1 2?.23 2-\)?1
TA 12.0 27.1C 2C.50 1. 039
73 12.0 29.03% 21.918 Le 762
7cC 12.9 28454 21.54 1.7%%
5 12.7 20.5G 23439 1.179
ol 11.5% 20.42 21.61 1.576

bC
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TABLE 5.3
TUREy SALINITY, OENSITY AMD CHLCRDPHYLL *A?
AT DEPTH = & MLETEAS

YERATURE  SALINITY STLMa 1T¢ CHLCROPHYLL ' AT

GREERS {#ICRIOGRAMS
"IGRADL ) PEE LITERY)
3.5 2% .54 292 J.763
GeH 29.3% 22e6% B.763
i3.0 Stelu 2l.96 2.61l6
1.0 29.990 2280 L.199
3.0 2912 2302 De545
ll1.C 29432 22.34 2.218
i | 2%470 2.1¢ Ja331
9.5 25 a9J 23,23 D.654%
3-5 29001 23.00 00,93\‘3
1.5 Juatsl 22.76 1,327
q.5 25a0G3 2Z2.81 JeT63
3.3 2l.U7 24.17 J.218
Te 20214 .20 Jef 36
J.2 2%a30 27282 Da’t 36
Ja. 5 Jl.%% 23.65 M.136
Jad 29a05 22496 G.327
Ta® clad4h 22a0)2 Jet3bH
Gah 2 .05 ?772.89 Jalh2
.0 AL 27,13 Je.?13
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5.1.4 Conclusions

There is nothing dramatic revealed by the temperature,
salinity, and density data.

The more dense water fills the deeper depths of the Cove,
This would be consistent with the existence of a current through
the Cove.

There is no indication of an effect by the Callahan Mine
outfall on the temperature, salinity or density patterns in
Holbrook Cove during the period of this study.

5.1.5 Recommendations

More electronic analyzing equipment is needed. Titrating
is an especially long, tedious operation which leads to error.

A greater quantity of data is required to build a better
picture of Holbrook Cove temperature, salinity and density pat-
terns. Priority should be given to a number of samplings of the
same area at different times of day. Then the variance of the
data with respect to time could be related to water motion.
5.1.6 Detailed Procedure
5.1.6.1 Sampling Plan

To facilitate relating the temperature and salinity

data to the biological accuracy results, an identical sampling
grid was used for both projects (see Figure 5.2).

5,1.6.2 Sampling Technigue

The sampling was accomplished using the water sampling
bottles built in conjunction with this project. Once at the
sampling position, determined by sighting angles on shore land-
marks, the depth was determined using the fathometer on R.V,.
LOBSTER, the boat from which the samples were collected. It was
then decided how many bottles spaced at depth intervals of three
meters could be lowered.

Once this had been ascertained, the bottles were readied on
the rear deck of the boat along with labeled, plastic-capped
storage containers. The sampling bottles were attached to the
heavy line at intervals of three meters as the line was lowered.

The bottles were triggered at the desired depths. They were

then hauled up and the water in each bottle was emptied into a

labeled container.
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At the same station, the bathythermograph was lowered and
retrieved. Its data slide was then removed and stored for later
analysis,

5.1.6.3 Sampling Analysis

Once back at the laboratory, the water samples were
titrated to determine chlorine content, using the silver nitrate
method. The data were then converted to total salinity using
the general formula:

$=0.03 + 1.8050 ¢l (where the units are parts
per thousand})

The salinity was then tabulated according to station and
depth.

The temperature data were drawn from the bathythermograph
slides. For each station, the correct slide was read for the
water sampling depths. The resulting temperature corresponded
to the depths of each sample, and was tabulated next to salinity.

Using this temperature and salinity data, the U.S. Navy

Hydrographic Tables were used to compute o o, is a parameter

relating the density (p) of a water sampletto tﬁe density of
pure water (pure water has a density, p, of 1.0000).* The den-
sity of the water sample is related to pure water by using the
equation

o, = (p - 1)1000
If p equals 1.02575, then o_ eguals 25.75. It should be noted
that the effect of pressure on density was not included because
it is minimal for the depths in the Cove.
5.2 Chlorophyll Patterns in Holbrook Cove
5.2.1 Objective

This portion of the ecological survey is designed to quan-

titatively measure the distribution pattern of chlorophyll in
the Holbrook Cove sampling area. A marked increase in chorophyll

concentration with increased distance from the Callahan mine

*For a detailed description, see Sverdrup, H. U., M., W. Johnson,
and R. H. Fleming, 1942, The Oceans. Prentice-Hall, Inc., N.J.
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1d suggest that the effluent from the outfall jg
outfall wouthe diatom population and therefore has an unbalangy,
::z:jzlo;othe entire ecosystem, since diatoms are a major soury
of food for the Cove inhabitants.

ground
S EZi:iiz and Erickson (19?1)l in their study of the Goos
Pond area were able to make a direct correlation between the
effluent, rich in heavy metals (notably copper), and the gnrm
inhibition of a particular diatom, Cyclotella nana. The abiliy

of the water to support Cyclotella decreased as the mine outfy]
was approached. When a chelator was added to the samples, ren-
dering the copper inert, the diatom population increased. Al-
though this was not conclusgive evidence, it does suggest that

heavy metal pollution from the outfall is upsetting the plankts
community.

The method used by this exXperimenter was to collect sampls

at various depths from stations upstream and downstream of the

outfall, giving a fairly accurate cross section of the entire
sampling area.

Tests were made for a specific chlorophyll con-
centration

» referred to as Chlorophyll 'a,' which is the major
green component of the Particular diatom

in question.
5.2.3 Results

Using water bottles,

106 samples were taken. 105 were
analyzed, one being lost.

The results are found in Figures 5.

ables 5.1, 5.2 and 5.3. The data i
the tables are thae Chlorophyll A

per liter (ug/%) for each sample.

1c, etc., refer to the st

5.2.4 Conclusiong
—==-uslonsg

5.4 and 5.5 ag well as in.T

concentrations in microgram

The station numbers 1A, 1B,
ations in Figure 5.2,

ous throughout the sampling period.
Based upop observationg made by

the sampling team, it appears
that no flow occurred during the entire month of July. This

t upon the hypothesis that the heavy
metal ign Concentration

the outfali, Since the
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flooding most of the time. It seems more logical that, 1£ by,
metals are concentrated in the area,

the effectsg would be Yo
noticeable in the deep water pockets north and south of the
outfall.

In examining Figures 5.3, 5.4 and 5.5,
Chlorophyll 'a* concentrations are greatest
three meters and least at depths of six mete
does not dppear to be 3 significant variatio
tance from the Callahan mine outfall.

It should be noted that
during a flood tide.
2B, 2C, 3Aa

i1t appears that

at a depth of aboe
IS Or more. They
n related to gis.

the samples were al}] collected

The samples for stations 1A, 1B, 1c, 2,
r and 3B were col
The samples for stations 3c

the evening of July 2¢,

lected during the morning of Julyj
+ 4A, 4B and 4cC were collected dury
The samples for the remainder of the

a@llahan mine outfall, it is impossill
ith respect to the effect of the outh

upon the ChlorOPhYll Patterns in Holbrook Cove.

'A'

5.2.5 Recom«andations
—————=ations
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The filters carrying the chlorophyll were then homogenized and
extracted with 90% acetone solution and fluorated, giving a
reading "fo‘" Each sample was then acidified and another reading
taken, "fa." The amount of chlorophyll "a" per sample in micro-
grams per liter (ug/%) was derived from the equation "chl_ =

0.109(f0—fa)."

REFERENCES

1. Dow and Hurst, Jr., Rehabilitation Problems of the Cape
Rosier Open Pit Mine, Dept. of Sea and Shore Fisheries,
Augusta, Maine, Nov. 1971.

2. Duxbury and Yentsch, Plankton Pigment Nomographs, J. Marine
Res., 15, 1956, pp. 92-101.

3. Richards and Thompson, A Spectrophotcometric Method for the
Estimation of Plankton Pigments, J. Marine Res. 11, 1952,
pp. l56-172.
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BIOLOGICATL EFFECT OF HEAVY METAL POLLUTANTS
6.1 Objective

At Cape Rosier, Maine,

4 copper-zinc open pit mine has
discharging effluent rich jn heavy metals into Holbrook
Recent studies have shown that this type of metal poliw

tant is harmful to marine organisms,
1'1&!.':1.'r.t:1h.1

been
Cove,

and probably to human

In planning this study, it was felt that actual mea-
Surements of metal ion concentration in water and sediment at
various stationsg might lead to a better understanding of the

effects of these pollutants when correlated with benthic faumal
population distributions and photos
in the area.

to gather data
(Cu, Pb, zn,

ynthetic primary production
The purpose of this facet of the overall study wa
concerning the distribution of the heavy metals

and Cd) in the sediments near the outfall, and to
correlate thesge data with the distribution

of benthic infauna
(in terms of Species diversity,

abundance of individuals in eac
Species, and biomass) in the sediments,

6.2 BRack ground

In 1968, operations were undertaken by the Callahan
Mining Corporation in the area ne

Sump pumps which keep
Seéepage also empty into Holbrook

Portiong have Probably settleq there.
It must he noted, however,

that the mining operation isg not
the only source of heavy metal j;

ons. Surface runoff and Season
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callahan Mine Location



~4 5~

/

GOOSE
FALLS
COVE Underwater
Efftuent
Discharge
Salt
Water to

N\

TAILING
POND

T e e

Figure 6,2

Callahan Mine Complex

TEEe———

Intermittant




APPENDIX C
AN EXAMPLE OF THE USE OF

FIGURE 7.11




Example:

Find Height of Tide at 1125 Hours, July 5, 1972,

Date: July 5, 1972
Time: 1125 EDT 1025 EST
Barometer: 30.30"

From Tide Table (See Appendix B)

Previous Tide Level = +9.2 €t (High) @ 0605 Hours

Next Subsequent Tide Level = +0.2 ft

{Low} @

1212 Hours

Hours Between High and Low = (1212 - 0605) = gho7™

Feet Diff Between High and Low = (9.2 - 0.3} =

Hours After High Tide = (1025 - 0605)

From Nomogram:

Uncorrected Ht =

Correction for 30Q.80" -0,95
Corrected Ht = +0.55

ft

ft

= aPyom

+2.1 ft
-0.95 ft

+1.15 ft

9.5 ft
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drainage fluctuations will alter the erosion of nearby natural
ore deposits, and also the resultant metal ion concentrations
in the waters of Holbrook Cove. The exact pattern of effluent
distributions as driven by currents and tides has not yet been
determined, although sampling stations (Figure 5.2} were
selected to encompass all possible effluent paths.

Of all the animals in the immediate area, only the benthic
infauna have been continually subjected to the heavy metals
present in the mine effluent. These animals cannot move appre-
ciably, and thus have had to adapt to the environment of Holbroock
Cove. 1In general, the animals that have evolved to survive in
a particular environment (the boreal waters of the Gulf of Maine
in this case) have the ability to .successfully adapt to the
range of environmental variations which occur naturally. How-
ever, even these "historical stresses' are occasionally exceeded
and individual species succumb. After this stress has passed,
the species may either recolonize the area, or another species
may nove in and take over the first species ecological niche.
The fewer of these overturns there are, the more stable is the
biological community. In areas where the "predictability” of
the environment is high {(few abnormal stresses beyond the tole-
rance of all the species present}, there are many species, each
with a small number of individuals, and each adapted to deal
with its own narrow range of ideal conditions. Where predicta-
bility is relatively low, each species must adapt to a wide range
of possible environmental conditions. Since the range of ideal
conditions (the niche) of each species cannot overlap with the
niche of the species next to it on the spectrum of environmen-
tal factors, it is evident that there will be more niches, and
thus more species, present in a high predictability environment.

In Holbrook Cove, the influx of heavy metal pollutants can
be viewed as an "unpredictable" environmental stress from the
point of view of the benthic community. If the community is
capable of adapting to this stress, there should be no obvious
change in the species composition of this community. This 1is
the "null hypothesis" of this investigation. In order to test

this hypothesis, some quantitative measure of the species diver-

_——
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sity must be employed. Several are inzuse at present. The
rarefaction analysis method of Sanders™ shows the diversity
graphically, although computation and data presentation are
cumbersome and tedious. The information function of Shannon3
is simpler. The number of individuals of each species in the
community is calculated as a fraction of the total number of
individuals in the community. This fraction, p.., 1s then
iterated over all species, and then the wvalue of _ p; log, p,
is calculated for the community. This gives a value which is
sample size-independent. The application of this function to
biological systems has recently been guestioned by Hurlburt,4
who proposes several alternate diversity indices., Once all data
are assembled in this investigation, both Sharnon's and Hurlburt'
indices will be employed.

All organisms present in each sample must be identified
and counted. For practical purposes, this is impossible. The
sediment must be sieved to remove very small sediment (some
small animals are obviously lost in the process). Reish5
calculated the optimum screen mesh size to maximize animal reter
tion and minimize the extensive labor necessary to sort the sar-
ples. In practice, there is alsoc an optimum number of grab
samples to be taken at each station to assure that all speciesi
the community are represented in each station sample. This must
be determined in situ, after a few samples have been sorted.

In Holbrook Cove, a grid of sampling stations was laid out
(Figure 5.2) in the waters near the outfall based on the sedi-
ment metal concentrations determined by the Federal Water Quali-
ty At.iministration6 in the immediate area. One objective is t
duplicate the FWQA study in more detail for a small area.

Hopefully, contour charts for the levels of copper, zinc, leal

and i
zadmlum, as well as charts of the species diversity indict

ma

Y be drawn from the data resulting from sampling the station

on the grid. '

Correlation tests ; i -
. on these data ma ield inter
esting resultg. i

Since species diversit
other factors,

th - .
on the g : ése must be lnvestigated and their influencé
mMunity assessed, the 1971 Summer Lab
a

Y in this case may be influenced D

oratory report

*
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(MITSG 72-3) investigated temperature, salinity, nutrients,
dissolved oxygen and currents. No abnormalities were evident,
Other phases of this investigation (Sections 5.1 and 5.2) dupli-
Cated portions of those studies, again revealing no abnormalities.
Sediiment particle size distribution does play a significant role
in determining benthic comnunity structure.7 Most samples in
the area were composed of §0% silt, 20% clay and 20% fine sand.
However, several stations were located on bare rock, or on the
shallow sill of glacial sand and gravel that forms the western
end of Holbrook Cove., This is a biological community very dif-
ferent from that found in the mud of deeper water, and therefore
will not be included in the forthcoming discussion of the kio-
logical dats with referaonce +o heavy metals.

Cadmium, lead, copper, and zinc were chosen to he sampled
because they exist in large enough concentrations to be measured
with avaiiable Atomice Absorption Spectrophotometry equipment
sl oare thought to he mainr pellutants in the area.8 Chromium
talis bolor aag detection limivs, However, once data has been
Gl leoted, 1t s difrion to draw anv conclusions as te signi-
Plodst patferss in oy or texicity or even the relation to
Lhis mine et g Rolert Dew, Nirector of Research, Maine
Departinent o Uoly e Shore Fishcries, reports “Since explora-

Cary oibeittine, Stechpt Ving nf nre-hearing rock, de-watering of

he old mine shalt, and punping out of the rain-filled pit be-
Wind the newly constriucted dam at Goose Falls, heavv metal levels
ih clarms, sediments, and rock weeds cannct be interpreted as
havkograound onlv, This significant and dramatic increase in all
three medis after ore Separation can he wheolly attributed to

the plant oporation and tl'e discharge of effluents into Goose

Cmvo."U The Meliural Wates Quality Administration, now the
Lnvironmental Protection Agency, is more conservative in its
correlatiion Letween toxic metal concentration and the mine effiy-
ent, but recommends that public water supplies in the area be
monitored due by high lead concentration at two of thejir sanpiec
statiaua.e It ghould Lo neted here that this report has been

e . . . .. i0 .
Criticizoed by DBew and other Malrne statae officials, Tidal staye,
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climate and geclogical makeup affect concentrations of trace

metals, but it is not yet fully understood how and to what degn,

ic im,
Irce of

In addition, agreement as to whether sediments adsorb tox
rendering them inert or whether they are a continuing goy
contamination has not been reached.

It has been found that heavy metals do not concentrate
along trophic 1eve15,ll In that particular survey of the
Illinois River, the order of concentration magnitudes of Cu, ¥,
Fe, Pb, Cr, Li, Co, Cd was as follows: sediments > WOITS > clyg
> fish > water. Zinc was found in greater concentration ip cla
than in worms, According to a report by Dow on "Estuarine Cop-
munities and Polhu:irzm,"‘1‘2 "Evidence does not sSupport the assump
tion that heavy metals in estuarine sediments, marine algae, a
shellfish are directly related to the level of these metals iy
the overlying watersg.” It is important, therefore, to measure
metal concentrations in mud and organic samples as well as in

the water. The sand worm, second only to the blood worm in

economic value Per unit weight to the Mainre fishing industry, b

@ reported toxicity threshola of about 0.1 parts per million
copper (Raymont and Shields, cited by Dow) .8

A previous study of the waters around Cape Rosier showed

.1 to 0.4 ppMm. Dow beliew

cial shellfish. 2 A study
Pon humansg is being conducted inter-
Human intake of toxic metals comes throug
S and consumption of shellfish. In partic
€ ability to concentrate heavy metals to

hose foung in their environment.

levels greater than t
6.3 Results
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allow completion of AAS analysis by March 1973.

Benthic faunal sorting and species identification is also
proceeding slowly. The (.25 mm screen mesh size, as determined
from Reish's5 analysis, used in sieving the grab samples causes
the retention of a large volume of materials, which must be
picked through under a dissecting microscope. Average sorting
times have been in excess of 20 hours for each of the three
samples sorted thus far.

A basic difficulty in the faunal analysis concerns species
identification. Of the 52 positively identified polychaete worm
species taken in Holbrock Cove in the FWOA study,6 only 24 are
named in Knowlton'sl3 checklist. Knowlton acknowledged that
his checklist is not "all~inc1usiye," even though he, his co-
workers and his students have sampled along the whole Maine
coast for a number of vyears. Significantly, the two dominant
polychaete species, Aricideag jeffreysii and Nephthys incisa,

representing 38% and 173 respectively of all individuals taken
in Holbrook Cove, have never been found by TRIGOM researchers
and are thus not included in Knowlton's checklist.

The most abundant polychaete species in the samples sorted
thus far has not been identified as vyet. There is some internal
disagreement about whether two species are being considered as
one in this case. Until this isg resolved, no species diversi-
ties can be calculated,

Some trends are dapparent, however, Biomass and number of
individuals appear to be at a minimum at the station closest to
the mine outfall; i.e., there are fewer individuals and the
individuals appear to be smaller near the outfall., This could
indicate an adverse influence of the effluent on the biota, but
it is obviously too early to draw any correlations,

Other data would be valuable in addition to sediment faunal
data. &an attempt will be made to analyze locally collected

14 14

bloodworms (Glycera dibranchiata), sand worms {Nereis viregg),

and clams {Mya arenaria) for heavy metals in their tissyes. Sev~

eral attempts were made to raise Nereis virens in aquariums in the

laboratory, with the ultimate intention of Studying the effects
of various concentrations of heavy metal ions introduced into the
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sea water. However, each time, high natural worm mortality was

observed due to high ambient temperatures, and it was finally
concluded that the necessary refrigeration was not available,
so the project was abandoned.

6.4 Conclusions

As stated before, sample analysis is not yet complete, soO
ho conclusions are possible at present.
6.5 Recommendations

During July 1972, the Callahan Mining Corporation was

beginning to raise salmon in a fish trap floating in Holbrook

Cove. They planned to monitor the metal concentration in the

salmon flesh, with the ultimate intention of marketing the salmor

on a large scale. In their proposal, the deep open pit would

be filled with sea water and used for fish culture. Considering

the remarks made by Dr. Ruth Patrick,lS this would be highly
undesiratble.

As of July 1972, the mining operation had apparently been

closed down. Weir Ditch, which had poured effluents into Weir

Cove on the southern side of Cape Rosier,

source of heavy metal contamination.
end had been filled in,
be continued,

had been another major
As of July 28, its seaward
Although monitoring of the site should
it is probably not within the capabilities of the

Student Summer Ocean Engineering Laboratory to continue the sys-

tematic sediment monitoring on a large scale, recognizing the di
ficulties which were encountered attempting to use analytical
techniques and equipment ang the great amount of

time necessary:
sort benthic sediment samples,

However, monitoring of metals
in worms and clams in the Cove i

be continued if AAS equipment ig
6.6 Detailed Procedure
6.6.1 Sampling Plan

§ relatively simpler, and should
available,

Basically, a 3 x 8 pPattern was laid o

Holbrook Island and Cape Rosier. 1f time alloweg multiple sedi
ment samples would bhe taken at eac

. h station, assuring adeguate
sampling of the benthes,

Ut in the channel separatir
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6.6.2 Sampling Technigue

Samples were taken with a modified Petersen grab sam-
Pler at mogt stations. Some stations were coarse gravel or bare
rock, preventing adequate grab sampling. The grab was hand-
“Perated from the deck of the lobster bhoat.

All samples were sioved 45 s00n as possible after return
fUsually within ¢ hours) through 0.25 mny sieves, preserved with
10% formalin, ang buffered to saturation with sodium borate
(preventinq calcareous shell decomposition) . Subsamples for
AAS analysis were placed in acid-rinsed centainers and pre-
served with 2-3 g concentrated HNOS.

6.6.3 Sample Analysis

Sorting of benthic samples was accamplishad under low
magnification microscopy., All animals retained by the sieve
were transferred to a methyl alcohol preservative. Identifica-
tion was decomplished using standard available keys,

Analvsis of sediment and water samples will be done by
Avonic absorption Spectrometry using Jarrell Ash instrumentation,
The metrhad followed wil] b Ehe standara methods used by the
Envivonment Protection Aqﬁnur,lb with minor alteration by the
M.T.T. 1ah. ATt houdgh met o1 Lo concentrations of some of the
Soose Palls Stations probably 311 quite low, pPrevious surveys
of the arca fFWOA)6 have not found it necessary to use special
low detection limit methods of analysis, especially since inter-
ferences are more common with these methods .

Interferences known as matrix interferences occur when there
are high concentrations of acids or dissolved salts, as would be
the casec with the samples conzidered here. These are controlled
by dilution or hy matching the concentrations of masor constitu-
ents in samples and standards. When there is ne way of matching
concentrations, the method of additiqnsl? is used. FPor analy-
sis of the samples taken From Holbrook Cove, a rinse to remove
sodium interference will be adequate. Several runs will be made

to determine statistical contfidence intervals.
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7.0 INSTRUMENTATION
7.1 Karman Vortex Trail Current Meter

7.1.1 Objective

the reqular velocity—dependent Ooscillation of Vortices b
a blunt object in a moving fluid,

teria were established: (1) The instrument Must be capable of

des of the blunt object. Each shed
w'fortex moves domstream Causing lateral movement of the fluid
7 the wake of the object, phe instrument jg based on the
detec.:tion of this Novement | Here the Magnitude of movement is
not 1mporta.nt, bu

tion of the

¢+ baseq qp 4 rather short testing period

- CaStine and thy
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of unreadable data. Data reduction, while intended to be accom-
plished electronically, was easily handled aurally, each twenty-
four hours worth of collected data requiring approximately forty-
five minutes to put into tabular or graphic form. Graphical
results of several periods of monitoring are shown in Fiqures
4.2 and 7.1, The validity of the data is difficult to determine.
At present, thcore is no other tabulated data concerning current
flow in the test areas. The results do show fair correlation
with times of high and low tide. For example, in Figure 7.1 no
current was evident shortly before high tide at 2324 hours and
low tide at 0554 hours, the times beinc appropriate for dockside
at Castine, The irrcqularity of the current profile presented
for Holbrook Cove may well represent the apparent current surges
which were noted on several occasions by the observers of the
current drogues used iIn this area, as described in Section 3.0
of this report.
7.1.4 Conclusions

Although the test period was too short to allow conclusive
cvaluation of the instruments reliability, sensitivity and range
in open water, the results would indicate that the meter offers
a valid substitute for impeller-type current meters, when mea-
suring low velocity currents. The instrument holds up well under
rough treatment and requires no diver assistance in mooring.

7.1.,5 Recommcndations

The success achieved, though limited, would recommend fur-
ther work on the development of this instrument as a component
of a complete system for current monitoring. Most seriously
needed would be the perfection of the interfacing electronics.
Completion of the digital recording system which was undertaken
during the lab would offer considerable advantages and possibi-
lities in the area of data reduction. Concerning the meter
itself, one could use pressure transducers as the means of con-
verting the fluid motion to a modulated electric signal, replac-
ing the present arrangement of fin and rhotocell,

7.1,6 Detailed Procedurc

Preliminary design of the instrument took place in the

months after the 1971 Summer Lab, and was based on experience
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gained during the lab. An attempt was made to build a current
meter using the vortex shedding phenomenon. The attempt involved
trying to sense the frequency of vibration of a wire placed in
a fluid flow. The presence of the wire caused the development
of a Karman Vortex Trail. In simplified terms, the periedic
lateral displacement of the fluid caused the wire to vibrate at
the frequency of the vortex shedding. The attempt was then made
to sense this vibration using electromechanical means. Due to
the very small displacements and energy transfers involved,
little success was achieved. It was decided to increase the
dimensions to afford greater ease in detection of the movement
of the fluid. A one-inch cylinder was used to generate the vor-
tex trail. Sensing of the frequency of vortex shedding was done
by a fin mounted on needle bearings in the flow behind the cylin-
der. Electrical pickup was accomplished by placing a magnet on
the fin and positioning a reed switch close enough to be acti-
vated by the magnet. This version provided linear response from
three-tenths of a knot to Just below two knots with sensitivity
to one-tenth of a knot. The instruments' dimensions were approx-
imately two inches by three and one-half inches by six inches,
The primary shortcoming of the instrument was that its range
of operation was too high to be considered for use in tidal cur-
rent surveys, Several things were done in an attempt to lower
the range of response. First, the effective Reynolds number of
the instrument was increased by providing a venturi at the intake
of the meter, thus increasing the current velocity seen by the
instrument over that of the ambient flow, Little improvement
was noted. It is believed that the force imparted to the sensing
fin by the fluid movement was of the same order as the force
exerted by the magnet on the reed switech, so the sensing of the
movement of the fin was relegated to a photo cell rather than
the proximity switch and magnet. Tests demonstrated an exten-
sion in the effective range of instrument down to about three
inches per second. It was still apparent that more energy must
be imparted to the wake to obtain greater sensitivity. To achieve
this end, an ellipse replaced the cylinder. It was oriented with
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ad
the major axis perpendicular to the flow. It had been obserV

. . ; tes
that the ellipse generates a wake that is wider than 1its grea

dimension whereas the wake of a cylinder is roughly the same
width as its diameter. The meter now showed a response down to
one inch per second (1/20 of a knot) under test tank conditions.
7.1.7 Fabrication

The physical layout of the meter is shown in Figure 7.2,

of

The fin in the wake of the cylinder responds to the movement
: nt

the fluid. This lateral movement becomes a rotaticnal moveme

of the wires used to support the fin. The interpocser, rigidly

attached to the upper supporting wire moves back and forth be-

tween the photocell and light source, which modulates the output

of the oscillator. The prototype instrument had dimensions of

two inches by six inches by twenty inches. The large length

was provided in an attempt to reduce turbulence cncountered by

the ellipse caused by the leading edges of the duct. All elec-

tronics, except the photocell and light source, are designed to

be on the surface, thus limiting the amount of waterproocfing
that must be accomplished. The light source and photocell were

cast in plexiglass with their individual leads connected to a

four-wire hydrophone cable to the surface. These connections

were sealed by simply dipping the soldered joints in fiberglass
resin.

No trouble was encountered in this method of waterproof

ing. The original system design called for the meter to be cor

nected to an analog~to-digital converter which would feed Qigit:
data to a recorder.

This eguipment was not ready for use, how-

ever, so a simpler method of providing recordable signals was
used.

The photocell, having a change in resistance which was
dependent on the change in light to which it was exposed, was
used as part of an astable multivibrator.

As the resistance
changed, the output frequency of the multivibrator changed .

fregquencies were in the audic range and were ea

Al
As was mentioned earlier,

sily recorded.
. . the data was readily reduced aurally.
This configuration results in a signal which ic frequency~modg-
lated at the rate with which the ellipse sheds vortices .,
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7.1.8 cCalibration

Calibration was carried out, using the instrument towing
carriage of the wave tank in the Hydrodynamics Lab at M.T.T.
This was used in preference to the ship model towing tank , due
to the very low control gpeeds which could be achieved. Re spons
of the meter from one inch per second to twelve inches per sec-
ond was obtained. Calibration data is shown in Figure 7.3
along with a curve showing theoretical response. The theore-
tical curve is based on the following empirical formula relatim
frequency of vortex shedding to fluid velocity:

n=SU
d
where n is frequency, S is the Strouhal number, V is the wvelocit
and d is the characteri

ellipse, 1-7/16").

stic diameter {(the major axis of the
The Strouhal number is constant in this
regime of Reynolds number (greater than 1000) .
sion of operations in Castine,
used to determin

after the conck
the ship model towing tank was

e the angular response of the unit to test the
feasibility o

cator.

f using the instrument as a current direction ind
it was hoped that the response would be such as to alls
two of the instruments to be mounted in a fixed position at

right angles to each other to give vectoral information as well

as data about the magnitude of the current. Tests showed that

the response of the instrument intercepting the current flow 2

angles of greater than thirty degrees was too poor to allow su
a configquration.

7.1.9 Meter Implacement

The mooring of the current meter 1is designed to be as 4

ple as possible. To maintain a stationary position a fifty—px

weight is used at the bottom. A line runs directly up to the

meter at the desired height above the bottom and is fastenead

rigidly to the housing about eight inches from the leading ed

on the underside of the instrument. Leading upward from the

same position on the top of the housing is a line to a submery

float. This float maintains the vertical position of the met

» » e I

A short line is attached on the float line and leads to the
e

of the instrument to keep it horizontal. The electrical cakblt
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(for power and data transmission) is attached at various poi

. face
to the instrument Support cable and is supported at the sur
by its own float and a five

~quart pressure cooker which prowvides
the watertight housing for

the electronics and recorder. A

retrieving line is attached to the submerged float and again

Supported by a surface buoy. No trouble was experienced with

te
this mooring for this instrument. It appeared to allow adequa
freedom for the instrument to orient itself with the current

flow and showed no sign of drifting off station.
7.2 Impeller-Driven Current Meter

7.2.1 Cbjective
The objective of this Project is the development of a cor

. . S 14 an
Pact and reliahle current velocity measuring device utilizing
impeller,

Several general design criteria were established:

(1} The instrument must be capable of being set and monitored

without diver assistance; {2) the cutput of the instrument must

be recordable on magnetic tape; and (3)
convenient.

7.2.2 Background

An impeller current velocity measuring device was designe
for the 1971 Summer Ocean Engineerin
7.4).

data reduction must be

g Laboratory (see Figure
This device consisted of a se

housing made of pPlexiglas tubing,
fashioned from fiberglas
the impeller ang turned
of plexiglas)

ven-inch-diameter cylindric:
a 24~inch-diameter impeller
r @ plexiglas shaft which was driven by

a S-inch-diameter disc (also fabricated
in which 69 small holes

had been drilled at equal
intervals on a Circumference of four a

nd one-half inches. The
d expose a photocell to 3
umbersome and unreliable;

disc was used to alternately shadow an

light source. The unit Proved tgo be ¢

hence a redesign was undertaken .

The design of the 1972 impeller ¢

incorporates many improvements . These include: reduction in

size and bulk, an improved impeller,

in securing the meter to the moor

and a better harness (used
ing) .,
source and sensing device (photocell) ar

fore and aft of the impeller hub .
holes drilled parallel to itg axis

In the redesign a light

e sealed in the flanges .
The impeller hub has severai

through which light passesg




Page 64

Fiaure 7.4 TImpeller Current Meter
(1971 Versicon)
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when one of the holes is lined up with the light source and the
sensing device, In this way several pulses are received from
the meter for each revolution of the impeller, permitting accu-
rate readings at low current velocities. The leads from the
light source and the sensing device are led into a hydrophone
cable, and through the cable to the surface instrument package.
The instrumentation package was placed in a pressure cooker
which also served as a float. The pressure cooker contained a

motorcycle battery, a small amplifier for the signal from the

meter, a clock, and a cassette recorder.

7.2.3 cCalibration of the Impeller Current Meters

The current meters were calibrated in the M.I.T. towing
The major problem which had to be overcome was that the
fluorescent lighting in the towing tank interfered with the

Photocells in the transparent current meters., This was recti-

tank.

fied by shutting off the lights in the towing tank during cali-
bration runs. The current meters were painted black before #%they
were shipped to Castine, Maine, to prevent the ambient light
from interfering with the operation of the meters when they were
moored at the test sites.

The calibration procedure for the three meters constructed
in preparation for the 1972 Summer Ocean Engineering Laboratory
consisted of towing the meter at speeds of from 0.2 knots to
1.5 knots and employing a frequency counter to ascertain the
pulses per second received from the photocells for each speed.

It should be noted that the calibration results from all three

meters are identical. The empirical correlation between the
Pulses per second and the speed is:

speed (knots) =
7.2.4 Mooring

The mooring of the current meter is fairly simple (see
Figures 7.5 and 7.6)., A 50

0.25 + 0.53 {pulses/second)

-pound block is used as an anchor .

A lire is passed up from the anchor to the meter and then to a
flocat with 25 pounds of buoyancy mooregd
Thus there is a 25

just beneath the surface,
-“pound tension in the line at all times.
slack line attached to the hydrophone cable is

ment package floating on the surface,

A
led to the ingtru-
A buoy is attached to the

o
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subsurface float to mark the meter. This arrangement permits

the cassette to be changed without disturbing the current meter.

7.2.5% Conclusions
The meters performed as designed. The problem with ambj-

ent light interfering with the photocells was overcome by making
the flanges and impeller hub opaque. & problem developed with
mooring harness in that the meter was attached at its center of
gravity and when it was raised or lowered it tended to try to
rotate until its axis lined up with the mooring line. In one
such case the impeller of one meter was broken.

7.2.6 Recommendations

The mooring arrangement should ke redesigned to correct
the deficiency exhibited when the meter is raised or lowered
during implantation or retrieval. A device that will measure
current direction should be devised to act as a companion instru-
ment so that both current direction and velocity can be measured
at any given instant and recorded.

7.3 Current Direction Indicator

7.3.1 Objective

The major inadequacy of the current metering eguipment

became apparent during the initial weeks of the project. This
inadequacy lay in the inability of the meters to distinguish
current direction. It was decided that a companion instrument
capable of yielding data on current direction was required. Two
basic criteria were established: (1) The instrument should not
require diver assistance; and (2) the output shcould be compatible
with the digital recorder which was under development for use
with the current meters.
7.3.2 Background

During the 1971 Summer Ocean Engineering Laboratory, con-
struction of a current direction indicator was attempted using
a variable capacitor which tuned an oscillator circuit whose
ocutput was recorded in analog form {see Sea Grant Report XNo.
MITSG 72-3). The instrument housing and capacitor were mocred
in a fixed position and a vane (which was allowed to swing with
the current)} varied the capacitor position. This proved very

cumbersome, since it required a three-point moor, a buoying
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system to maintain the indicator's position vertical, pressuri-
zation of the instrument, and considerable diver assistance. The
large frictional resistance between the capacitor's shaft and
the watertight seals caused problems.

The requirement that the direction indicator be a companion
to the current velocity metering devices caused a drastic de~

parture from the concept of the current direction indicator
attempted in 1971.

as follows:
1)

The primary changes in design criteria were

Since the housings of current velocity meters

rotate to maintain their alignment with the current,
then the housing of the current direction indicator
must alsc rotate and the sensing device must main-
tain a constant orientation (as the sensing device
in a gyro or magnetic compass). In the 1971 design
the housing maintained a constant orientation and

the sensing device oriented itself to align with
current.

2) Since the data transmitted from the current velocity

metering devices are in digital format, the data
transmitted from the current direction indicator
must also be in digital format to permit the use of
the same recording and data reduction equipment.

In the 1971 design the data were transmitted in an
analog format,
3) Since the designs of the current velocity meters

were based upon a criterion of minimal diver involve-
ment, this criterion must also be invoked in the

design of the current direction indicator. As has

been previously stated, the 1971 design required
extensive diver services.
7.3.3 Results

To meet the design criterion that the housing of the cur

rent direction indicator must rotate and the sensing element
must maintain a constant orientation, the principle of the maqg-
netic compass card was utilized.

It was recognized that four
binary bits will permit the transmission of sixteen digital
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information bits. This characteristic can be utilized to iden=-
tify digitally sixteen 22-1/2° sectors. It is believed that,
for this application, further refinement of current direction
would not be sufficiently useful to justify the additional com-
plexity of additional binary bits.

A magnetic compass card was fabricated. Four concentric
¢ircles were drawn on the card and interrupted slots were cut
on the concentric circles such that rotation of the compass card
with respect to the housing would@ alternately interrupt or pass
light from one side of the card to one or more of the four photo-
cells located in a radial line on the opposite side of the card
and spaced to coincide with the four concentric circles. The
sixteen sectors are identified digitally by determining which of
the four photocells are exposed to the light source,

The instrument did not reach the test stage due to the late
starting date. The housing is a four-inch i.d. plexiglas tube
with end caps three-quarters of an inch thick fitted with O-ring
scals, The final version of the compass card uses two permanent
alnico magnets and is mounted on needle bearings. The sensing
unit's functional resistance to rotation was very small, but it
was sufficient to affect the reliability of the orientation of
the card with respect to the earth’'s magnetic field. The light-
sensing unit was put teogether and tested in the housing. No
problems were found in sensing the card position using this
method. lHowever, it was discovered that a small amount of iron
in one of the photocells affected the magnets on the card,

7.3.4 Conclusion and Recommendations

The success of the sensing method makes further attempts
at development of this instrument attractive. A compass card
with stronger magnetic units and less rotational friction is
reguired. If fabrication proves too difficult, a commercial
compass card can be adapted. If photocells which do not affect
the compass card cannot be obtained, then perhaps light pipes
can be used in the proximity of the card. Completion and testing
of the digital recorder and the interfacing circuitry is yet to

be accomplished.
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7.4 Oxygen and pH Meters

7.4.1 Objective -
The ambitious sampling project encompassed by the Holbfm

Cove Survey made the automation of the measurement of the en\'rl'

ronmental factors extremely attractive. The objective of this

Project is to provide instrumentation that will make the measun

ment of the oxygen content and pH of water samples a simple,

accurate procedure.

7.4.2 Background

During the 1971 Summer Ocean Engineering Laboratory .

preliminary measurement of dissolved oxygen concentrations were
made using the Winkler iodometric titration method. This prove
to be time-consuming and laborious. In planning the biological
investigation related to determining the effect of the Callaha:
mine outfall upon the ecology of Holbrook Cove, it became

apparent that it would be necessary to monitor all environment:z

conditions including the concentrations of dissclved oXxygen 1in

and the pH of each water sample. It was therefore decided +o

obtain a polarographic oxygen electrode and to construct an

oxygen meter for use with this electrode. In addition, a simpl

design for a pH meter was noted in the November 1968 edition of

Popular Electronics and it was decided to construct this devic
for use in the survey,

7.4.3 Results

Both the oxygen and PH meters were constructed.

Dnue +to:
limitations of time,

the oxygen meter was not used. The pH me:

was constructed, but the proper microammeter was not available

and the project's volt-chm meter was substituted. This substic

tion proved unsatisfactory due to the high impedance of the wvo!
ohm meter rendering the meter deflections
determination of the PH of the water sampl
limits of accuracy.

too small to permit

es to the desired
The meter was tested i

n buffer solutions
whose pH values were 4.0

+ 7.0 and 10.0 ang the readings appears
limits of accuracy permitted by the

to be correct within the
velt-ohm meter,
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7.4.4 Conclusions

Both meters appear to be operational and require only
minor modification (in the case of the PH meter) for increased
accuracy, and calibration {in the case of the oxygen meter).
They will greatly simplify the measurements of oxygen content
and pH.

7.4.5 Detailed Description of the Oxygen Meter and Probe

The polarographic oxygen probe consists of a silver tube
whose diameter is one centimeter which acts as an anode and con-
tains a gold cathode at its center. This cathode is maintained
at a constant voltage of -0.8 volts with respect to the anode.
Both the anode and cathode are coated with either teflon or poly-
ethylene which permits only the gaseous oxygen to diffuse through
the coating to the electrodes. This coating prevents the other
ions present in sea water from coming in contact with the elec-
trodes. The space between the teflon (or polyethylene) film and
the cathode is filled with a fifty percent normal solution of
potassium hydroxide.

Conductance between the anode and cathode is produced by
the following chemical reaction:

At the gold cathode

4 electons + 02 -— 4 0OH

(Thus, one mole of oxygen produces the flow
of four electrons}

At the silver anocde

4 Ag + 4 OH -~ 2 AgZO + 2 HZO + 4 electrons

{Thus, the conductivity between the anode
and cathode is proportional to the oxygen

concentration)
The purpose of the oxygen meter is to translate the conduc-

tance at the oxygen meter probe to a voltage which can then be
read on a standard voltmeter. The operation of the oxXygen meter
is a follows (see Figure 7.7).
1) A reference voltage is cobtained by adding in series
a silicon diode and a germanium diode forming a
voltage drop of 1.0 volts, which is nearly indepen-
dent of current flow.
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2} The reference voltage (1.0 volts) is maintained at
the inverting input of the first stage of the
operational amplifier by virtue of its high gain
{200,000) and using negative feedback.

3) An output voltage is developed when the conduc-
tance of the probe permits current to flow through
the thermistor. The ocutput voltage is directly
proportional to the current flow and hence to the
OXygen concentration at the probe.

In order to calibrate the oxygen meter, the following pro-

cedure is used:

1) Disconnect the oxygen probe from the oxygen meter
and check to be sure the voltmeter readout indicates
zero voltage. 1If the voltmeter does not indicate
zero voltage, place the oxygen meter switch in the
‘null" position and adjust the first stage offset-
null variable resistance pot until the voltmeter
indicates zero volts.

2) Place the oxygen meter switch in the "on" position
and adjust the second stage offset-null variable
resistance pot until the voltmeter again indicates
2oro volts.

3) Plug the oxygen probe into the oxygen meter. Check
te be sure that the oxygen meter switch is in the "on*
position, Place the probe in a solution of known
oxydgen concentration and adjust the calibration
variable resistance pot until the voltmeter indicates
a voltage that corresponds to the oxygen concentra-
tion of the solution being used for calibration.

7.5 Automated Data Recorder

7.5.1 Objective

The objective of this project is the design and construc-

tion of an autcmated system to: a) convert analog data to digital
format; b) record the converted data on magnetic tape; and ¢)
automatically transcribe the recorded data onto IBM cards for
data processing. The system is to have the capability of recceiv-
ing, converting and recording from several sensors during any

given time span.
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7.5.2 Background loy-
Plans for the Holbrook Cove Survey called for the depl an
. e
ment of current velocity meters at several locations and to

ongid-
these instruments in place to measure current data over c

. an
erable time spans. It did not appear practicable to expect

ally.
operator to man these instruments and record the data manu

ions
In addition, it was anticipated that a great many observati

were to be recorded and the time and effort involved in tran-—
scribing this information from analog format into machine-

readable digital format seemed prohibitive,
7.5.3 Results

The automated data recorder is designed and various of

the elements have been constructed and tested. The concept

appears attractive and feasible although there are still techni-
cal difficulties to be overcome,

The automated system consists of several units. These inch
1} Encoder (one for each sensaor)
2) Decoder
3)
4)

(one for each automated system)
Recorder {one for each automated system)
Power Supply (one for each automated system)
The encoder circuit has two major states:

conversion and data recording,
Ilbus L

analog to digits

The encoder is designed as a
instrument to allow for

of sensors, During the firgt
since the initializing pulse
flip~flops is displayed on th

general multiplexing of any number

major state, the time (in seconds)

which cleared all counters and

e "busg" lires. Each sensor's

recorder can begin. The method

chosen jg based on the standarg
technique involved in low-gpeeq remote computer terminals. The
data from each Sensor's counter ig Sampled in tyrp and conver

to the serial form: 8 data bits (mgp first)

ted
bitg,

r 2 stop
the tape by the method of

Start bijt,
The bits are recorded pp
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Frequency Shift Keying (FSK) in which one tone indicates a zero,
a second tone indicates a one. This transmission is terminated
by a data word of 377octal which serves as an end-of-record mark,

The decoder is in two sections. The first is a standard
teletype line receiver similar to the one used by Digital Equip-
ment Corporation in their Logic Handbook. The second part con-
verts the eight bits derived from the first part to two hexi-
decimal characters in Hollerith format. These characters are
sent to the relay drivers which cause the relays to simulate a
person punching the keys of an IBM 029 keypunch.

No special regquirements are imposed on the maghetic tape
recorder by the encoder and decoder., The application of the
automated data recording system, however, makes it mandatory that
it be compact, reliable, and conserve electrical energy. The
speed of the capstan drives should be independent of the power
supply voltage.

The power supply is any l2-volt dc electrical source. A
motorcycle battery was utilized during the 1972 Summer Ocean
Engineering Laboratory.

Since the automated system was not completed, a substitute
circuit was designed and utilized (see Figure 7.8). This circuit
is a standard astable multivibrator, except that one of the timing
resistors is replaced by a photoresistor. In addition, a resis-
tor has been added in series with the photoresistor to prevent
the resistance in this path from becoming such a small value
that oscillation ceases. Astable multivibrators will not com-
mence oscillation if both transistors are saturated. To prevent
this condition from occurring, the timing components were
selected to insure that they were extremely asymmetrical. The
purpose of this circuit is to convert the electrical pulse
{generated when the current velocity meter photocell is exposed
to its light scurce} into a veoltage which cscillates in the audio
range., This oscillating voltage was then used by the magnetic
tape recorder to record the pulse as an audible tone on the

magnetic tape.
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7.5.4 Conclusions

The automated data recorder system is technically feasible.
The primary problems encountered are fairly mundane. The power
consumption must be decreased if the system is to be operated
over the time spans envisioned. The timing and recording com-
ponents must be reduced in physical size.

The FSK transcriber requires additional design work. Its
major problem is that a scheme to generate signals to activate
the "skip" and "card release" functions on the IEM 029 keypunch
must be worked out.

The substitute astable multivibrator circuit worked, but
was not problem~free. The primary problems centered about the
photoresistor, which was affected by ambient light conditions.
This sometimes caused a frequency change in the audible tone
and on other ceonditions it prevented oscillations.

7.5.5 Recommendations

It is believed that perfection of the automated data
recording system will make a significant contribution to the
oceanographic data-gathering effort. For this reason, it is
recommended that this project be continued.

It is recommended that a redesign substituting MOS logic for
the existing TTL logic be undertaken to reduce power consump-
tion. This redesign will also make the recorder less sensitive
to the power supply voltage.

A review of the fregquency and time length of data samples
should be made since both affect the power consumption of the
data recorder system.

7.6 Tide Gauge
7.6.1 Objective

The objective of this project is to design and construct
an instrument which will accurately measure and record the fluc-
tuations in the water height during the tidal cycle. This in-
strument is to be capable of continuocus operation for at least
24 hours and is to be able to operate in all weather conditions.
7.6.2 Background

In conjunction with the measurements of current flows in
Holbrook Cove, it was desirable to obtain a measurement of the

water height at both the southern and northwestern entrances
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to the Cove simultaneously. These measurements, which would
require the construction of two instruments, would then be used
to determine the relative importance of each entrance during
the ebbing and flooding tides. After this was determined, it
was planned to move one instrument to various sites within the
Cove in an effort to further establish the tidal flood and ebb
patterns of the Cove.
7.6.3 Results
Due to time limitations, eonly one instrument was machmned

in time for field testing. These tests, which occurred during
the final days at Maine Maritime Academy, were disappointing
because they vielded no accurate data and demonstrated that the
machine, as designed and constructed, did not meet the design
criteria.

The data obtained from these tests more closely approximatei
a step function than the expected sine function. A possible
explanation for this behavior is that the internal friction of
the machine could not be overcome by the small forces generated
by the minute tidal changes. Thus, only when the summation of
these forces became greater than some critical value, determined
by the frictional forces of the apparatus, would the machine
begin to scribe, rapidly dissipating the accumulated tidal force

7.6.4 Conclusions

While the initial results cbtained from this machine were

unacceptable, the prototype did indicate many specific areas of

3

H

the design which, if modified, would allow an instrument capable
of performing the desired function to be produced. Fundamental
to these changes is the consideration of internal friction and
the selection of best methods to minimize this force.

7.6.5 Recommendations

The design of this apparatus is best considered as com-
prised of two components: The first component utilizes a Westels
clock mechanism to power a rotating drum upon which a continucus |
graph may be scribed; and the second component which reduces
(scales) the vertical displacement of the tide and uses the
tidal energy to drive a scribe which marks upon the rotating
drum. To shield this entire component from the weather, it is

entirely encased in a plexiglas case.
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The details of the first component, which are found in
Figure 7.9, show the rotating drum mounted on a combination
thrust and radial bearing and driven by a pulley/belt arrange-
ment by the clock mechanism. A better design would be to uti-
lize a horizontal drum mounted by radial bearings cn both ends
of the drum. This double mounting will prevent any radial dis-
placement of the drum when subjected to the pressure of the
scribe and the conseguent binding which occurs when only one
bearing is used. Another improvement which suggests itself ig
the utilization of microchain and sprockets to rotate the drum.
This will overcome the slippage inherent in a pulley/belt arrange-
ment at very small angular velocities. A further time check
could be provided by a clock-activated scribe, activated at regu-
lar time intervals,

The second component, as shown by Figqure 7.9, is comprised
of a weight and a float suspended from a large sprocket by a
chain. The weight and float are designed to travel vertically
with the tide, rotating the sprocket wheel, which subsequently
drives a small pinion gear against a movable rack which is dis-
Placed vertically one-fifteenth the amount of the displacement
caused by the tide. Affixed to this rack is a scribe which stays
in contact with the drum continucusly. If the vertical rotating
drum is replaced by a horizontal rotating drum, the rack and
Pinion assembly can be replaced by an assembly utilizing a
screw-activated scribe, which should be an improvement.

As was previously indicated, the primary obstacle to the
machine functioning properly is that insufficient energy is
generated by small tidal displacements to cause the machine to
scribe continuously. As shown in Figure 7.9, the weight and
float are both suspended within tubes for the purpose of damping
cut any local surface disturbances on the water surface. AsS
shown, a float is placed in a tube open to the sea, while a
counterweight is placed in a tube sealed to the sea. This
arrangement allows the float to rise and fall with the water
admitted to its tube. It is apparent that the top and bottom
positions of the float during slack tide define the conditions

critical to the proper functioning of the tide gauge. These
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critical conditicons are summarized in Figure 7.10. The results
of the tests during the Summer Ocean Engineering Laboratory and
careful examination of Figqure 7.10 lead to the conclusion that
both the fleat and the weight must be increased in size if the
gauge is to function as designed. An obvious method of accom-
plishing this is to utilize a large doughnut-shaped float circum-
scribing a large sealed tube in which a counterweight is sus-
pended. This improvement would tend to minimize the nonlinear-
ity of the system indicated by the equations in Figure 7.12.
The nonlinearity can also be eliminated by properly calibrating
the tide gauge.

7.7 Detailed Bottom Topography of Holbrook Cove

7.7.1 Objective
The objective cof this project is to obtain the data re-

quired to build a detailed topographical model of the bottom
configuration in Holbrook Cove. As a first step it is necessary
to define the water height above mean lower low water as a func-
tion of time.
1.7.2 Background

It has been noted that some of the prominent bottom fea-
tures such as rocks and shoals are not indicated on the charts
of Holbrook Cove. In order to rectify this deficiency, a care-
ful and systematic program of taking and recording soundings,
using a small boat and lead line, is planned.
7.7.3 Results

During the 1972 Summer QOcean Engineering Laboratory there
was time to complete only the first step, i.e., prepare a nomo-
gram (see Figure 7.11) that will permit the predicticn of water
height above mean lower low water as a function of time. During
the process of checking this nomogram against observed tide
heights at the dock of the Maine Maritime Academy, it was dis-
covered that the scope of the tide was about 12 inches greater
than would be predicted using the Coast and Geodetic Survey

Tide Tables. An example of the use of Figure 7.11 is in Appendix
7.7.4 Conclusions

The tide height observations at the dock at the Maine

Maritime Academy agreed with the predictions calculated using
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the nomogram. Based upon the cbservations, it appears that the
corrections to tide height for Castine, Maine (as indicated in

the Coast and Geodetic Survey Tide Tables), are in error. The

correction for High water should read +1.7 vice +0.7.

7.7.5 Recommendations

The first step in the process of building the topographi-
cal model of the bottom configuration of Holbrook Cove is com-
Pleted with the preparation of the nomogram. It is recommended
that the nomogram be used to correct soundings taken in the sub-
sequent phases of the project to cbtain water heights correspond-
ing to mean lower low water depths.

7.8 Bottom Sample Corer
7.8.1 Objective

The purpose of this project is to design, kuild, and

test a corer to obtain bottom mud samples. The corer should be

inexpensive and easy to operate.
7.8.2 Background

There were two reasons for choosing this project. One
was to obtain experience in designing and building a piece of
oceanographic equipment; the second was to produce a corer that
would be available for use in the ocean engineering program at
Maine Maritime Academy.
7.8.3 Results

In the actual test in Holbrook Cove, the unit was lowered
into the water to check the balance. It was then lowered until
the messenger hit bottom, allowing the corer to fall. When the
corer was released, it was observed that the line holding the
tripping device, corer and messenger became taut and then went
slack. When the unit was retrieved, it was discocvered that the
line attaching the corer to the tripping device had been severed.
The boat used for this test had not been moored and the test

site was not buoyed. BAll attempts to locate the corer failed.
7.8.4 Conclusions

Judging from the observations of the line holding the
tripping device, corer and messenger, the corer penetrated the
bottom and would have permitted the retrieval of a core if it

had not been lost. The design of the corer should be modified
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to provide for a steel wire leader for attachment of the corer
to the tripping device.

7.8.5 Recommendations

Future tests of this device should be conducted only
after the boat has been moored and the site suitably marked so
that, in the case of severed lines, the lost units may be located
and retrieved. The basic design appears sound, although it is
not possible to state whether or not the samples retrieved using
the corer would ke sufficiently undisturbed to permit an accu-
rate reconstruction of the boundaries and depths of the sedimen-
tary layers.
7.8.6 Detailed Procedure

The corer consists of a body composed of an internzl pipe
and an external pipe. On the ends of these pipes are two fit-
tings called the head and tail. These fittings are threaded to
fit on the ends of both pipes. They are designed in such a man-
rer that the outer pipe will take the stress and the internail
pipe will retrieve the sanple. Once obtained, the sample is
removed by pushing the sediment out with a push rod@ which con-
sists of a woeden tip the same diameter as the internal pipe and
a rod longer than the pipe.

On one end of the tripping device is a messenger and on the
other side, the corer. The tripping mechanism and arm are all
designed so that the whole device, with corer and messendger,
will balance in the water. When the device is lowered, the mes-
gsenger, which has 35 feet of line extended ahead of the corer,
touches the bottom and allows the tripping arm to rotate and
the corer to fall to the bottom a distance equal to the messenger
line length plus four feet (the length of the corer). Once the

corer hits the bottom, the whole unit is raised and the sample
removed.
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APPENDIX A

DROGUE BODY COMPUTER PROGRAMS



APPENDIX A

The first computer program is modified solely by input data,
There is no need for a modification of the Source program,

One of the first data cards is a parameter decision card
specifying which options the user of the program wishes to uti-
lize. This is stated in the program listing. The flow chart
points out the various combinations of options possible. Com-
ment cards are permitted at certain peints to keep track of
special data.

One possible option is the use of data-smoothing subroutines,
The preferred smoothing subroutine is spline fit. Spline fit
approximates an idealized drafting spline curve through the data
positions. If the number of equations (positions) is too small
to permit the use of a spline, a least-squares fit subroutine
is used. _

Another important option is the IAXIS parameter which
rotates the axis such that the X coordinates can be plotted and
calculated as a function of the Y coordinates,

The spline and least-squares subroutines compute the Y coor-
dinates as a function of the X coordinates. A reversal in buoy
velocity will cause infinite looping in the spline and least-
sguares subroutines since they will yield two or more values of
Y for one value of X. If a buoy reverses direction, the program
will terminate the buoy path and restart it in the opposite
direction. In cases of vorticity {(in the Holbrook Cove Survey) ,
many restarted paths resulted. In those cases, it was specified
on the decision card that no interpolated values were desired
and that all broken Segments should be connected. Because the
spline fit subroutine allows the user to specify the placement
of the constraints on the eéquations, the user sometimes supplied
cards listing the position of constraints and/or position of
output points desired. If the user wished to place the con-
straint or position of output points, he specified a positive
number of constraints and dutput points, with the positions given
in X coordinates. If the user wished the program to pick the
Positions, a negative number was specified. If a buoy back-



tracked, the program itself decided on a number of constraints
and output points, and the placement of each.

In order to graphically represent velocities in addition to
pathlines, two subroutines placed either a tickmark for times
or a line through two or more buoy paths, depending on user
specification (e.g., if the distance between ten-minute tick-
marks decreased, the buoy was traveling slower. If the distance
increased, the buoy was traveling faster).

In the numerical printout part of the program, two types
of velocities were computed: a backwards difference velocity
and a centered difference velocity. The backwards difference
velocity is computed by dividing the distance between the posi-
tion under consideration and the position at the previous obser-
vation by the difference between fhe time of the observation of
the position under consideration and the time of the previous
observation. The centered difference velocity is computed by
dividing the sum of the distances between the position under
consideration and the positions of the previous observation and
the next subsequent observation by the sum of the differences
between the times of observation of the position under considere-
tion and the times of the previous and next subsequent observa-
tions. The subroutine STOREC could be further modified to allow
a least-squares or other velocity approximation if the user
wished to modify the source.

All sorts, with the exception of TSORT, are interchange
Sorts, as the number of sorted items cannot exceed 99, The 1limit
on the number of buoys' Segments is explained by the fact that
the program considers each buoy seqment caused by backtracking
to be a separate and equal segment (e.g., in the case of vorti-
city, a buoy input with 99 points may be composed of 20 or more
Segments, etc.). TSORT takes an already sorted list and puts
them in ascending order, in the event that they were originally
in descending order.

There are a few limits and constraints that are intrinsic
in the source program, and to be changed require the source to
be medified. Numerical limits are listed. Other major limits
not listed follow. The IWARN array is a controlling factor in




the dumping of input constraints and output positions for the
interpolation routines and timelines. If a buoy backtracks,
IWARN for that particular buoy is activated. This means that
all input constraints are dumped and replaced and that timelines
are not allowed on any of the segments (tickmarks are) .

Spline is used in all cases except where the number of
points is too close to the number of equations. Then, and only

then, is least squares used.
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C
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802
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801

ECS

COYO0 800

annmu_x_7LnHznﬁulx—7ﬁn-~\_mran“~2ﬁ0~+~.-
CXNCR= [DXNCR*{FLOAT{ INCO)+1.})/1CO.

J=100
NPTS=100

XQUTELI=XING(L1)
C) 802 M=2,95¢
XMTIM)=XCOUTIM-1)+CXNCR

CONT INUE

WRITE(KOT,8R8)
WRITE(KOT ¢35C)INTIME(L) yL=149) ) TCHAR,(MTIME(L) L=1,9),J,NBAK
IFUINCCL.GYL4 )G0TO 808

TYPE OF CURVE

NDEGX=INCO

IARITY=0

LEAST SQUARES

CALL INTERPINDEGX.+IARITY, NPTS]}

G3aTO 805

INCA=INCC-4

TYPE OF CURVE

SPLINE

XDK(L)=XIND(1)+DXNCR
DO BCL M=2,1MCA
XOK(M)=XDK{M=-1)+DXNCR

CONT INUE
IariTY=0

CaLL ocnxaMZmD.x~2n.4_70._znb.xcx.hca.xcra.<hcq._nm_q«-
IFITPUNLEQ.0)IGCTO 802

WRITE(KPCT,

mmo_AZA_tm.r_.rnr.o-.qmzbm-nzq—zm_r_¢ru~.c-.;-zmbx

WRITELKPOT,RE4)
RRITE(KPCT,B8L0}(YOUTI(L),L=1,1001}
WRITELKPOT, 870)
WRITEIKPLT, 8€01{XAUT{LIsL=1,100])

PAGE
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TIMLOLl11
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TIMLOL13
TIMLOL14
TIMLOL1S
TIMLOL11&
TIMLOLL1T?
TiMLO1L8
TIMLGL19
TIMLOY20
TIMLOL2]
TIMLOl22
FIMLOL123
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TiMLOle2S
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TIMLOL30
TIMLOL31L
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MRAK=MBAK +
WRETE(KOT,B877)
rw_ﬂmnch.mmo__zqmzm_p_.rup.o-‘qnzpm._zq_zm_rv.rnp.o_.u.tm»x
WRITE[KRLUT .377)

WRITE(KOT,d35¢c)

0 7¢4 L=1,4

WRETE{KOT,,86%) YIUTIL)XCUTIL)

CONT INUE

[FIIPUNLESLOIGETO BIC
sm_ﬁm_xvoq.nmc,_ZqHzmAru.ruw.o_.qn:»n.g?qmzm_r_.ru_.o,.g.zm»x
WRITE(KPLT, 8554)

WRITE(KPIT,REQIIYIUT L) yL=1,4)

WRITFIKPUT, BTC)

rxﬂqm_xwmq.mmo-nx::qﬁp_.rnp.g.

GOTC 800

MOAK=MBAK+]
CALL RSORT{XINIJ,YIAD, INCEC)

SEGMENTED TINMELINE CF ACT
~m~A_-mqmrz.mooo-omronHtr~2m.me-H_-obzcoanznnomqom_uoadc L6

J=INCD

WRITE(KOT 5773
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TF{TPUNLEGQ.DIGOTY 7717
fxﬁﬂmhxtnﬂ‘mmo-nzﬂ_vm.r_‘ruH‘@u.qOIbm._xqﬁxm_r-rup-ﬂ_-g.szx
RRITE(KPLT, 884)
WRITEIKPCT,5€0)
WRITE(KPCT, 25(0)
WRITE(KPOT, 2¢0}
WRITF{KOT,a%5%

[ AR S - - - LI

(YINICL) s L=14 INCT)

(XINUELY oL=1,INCD)
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APPENDIX B
TIDES AT CASTINFE, MAINE

JULY 4, 1972 THROUGH JULY 28, 1972



Castine

L.44 24" N

68 438" w
H.W. -4 Min on Portland
L.W. -1 Min on Portland
H.W. +0.7 FT
L.W. +0.0 FT
Ranges

MEAN 9.7 PT
SPRING 11.1 FT

MEAN TIDE LEVEL 4.8 PT

ALL HOURS FASTERN DAYLIGHT SAVINGS TIME

TIDES

o
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TIME

Julv 4, 1972 0503
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TIME

0510
1116
1714
2328

0601
1209
1808

0019
0651
1258
1759

0110
0738
1346
1950

0159
0823
1434
2039

0247
0910
1520
2130

0335
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1606
2223

0427
1041
1655
2315
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1130
1746

0013
0619
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1839
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20
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27
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TIME

0109
0718
1316
1935
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0814
1411
2027
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2118
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