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Resolve reviving and continuing the special commission established to
*

INVESTIGATE AND STUDY GROUND WATER SUPPLIES IN THE COUNTIES OF PLYM-
OUTH AND BRISTOL.

Resolved, That the special unpaid commission established by chapter fifty-five
of the resolves of nineteen hundred and fifty-four for an investigation and study
of ground water supplies and of determining new sources thereof in the counties
of Plymouth and Bristol is hereby revived and continued for the purpose of further
considering that subject with particular reference to the quantities of water to be
obtained from ground water sources and location of said sources, the best method
of conserving said water supplies, of purifying and protecting the purity of said
water, and all other matters pertaining to the subject of ground water supplies in
said counties.

Said commission shall be provided with quarters in the state house or elsewhere,
may hold hearings and shall have the power to summon witnesses. It may em-
ploy engineers, consulting engineers, and geologists, chemists and attorneys, and
may expend therefor and for such other assistance and expenses such sums as may
be appropriated therefor. Said commission shall report to the general court the
results of said study and investigation, together with recommendations, if any, and
drafts of legislation necessary to carry such recommendations into effect by fil-
ing the same with the clerk of the senate on or before the last Wednesday in De-
cember, nineteen hundred and fifty-six. Approved June 20, 1955.

*
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To the General Court of Massachusetts.
Under the provisions of chapter 55 of the Resolves of 1954, an

unpaid Special Commission was established consisting of the Di-
rector of the Division of Sanitary Engineering of the Department
of Public Health and two persons named by the Governor who were
experienced engineers or scientists in the field of water supply. The
two members appointed by the Governor were Mr. Arthur D.
Weston, sanitary engineer of Edgartown, and Mr. Irving B. Crosby,
consulting geologist of Cambridge. Mr. Clarence I. Sterling, Jr.,
the Director of the Division of Sanitary Engineering, was desig-
nated chairman of the Commission.

The investigation in regard to ground water supplies in the
counties of Bristol and Plymouth was a direct result of a recom-
mendation made by the Special Southeastern Massachusetts Water
District Commission in its report published as Senate, No. 650 in
January, 1954. No special funds were made available to the Special
Commission to carry on its activities. As a result the Special Com-
mission made a review of the existing data on the geology of the
area, and obtained information on the existing wells that were used
either by industry or municipalities as sources of water supply.

It was felt that it was impossible to make a worthwhile survey of
entire area of the two counties, but two areas of major impor-

tance were selected for study. These were:
(1) The area in the vicinity of the so-called Lakeville Ponds in

the towns of Lakeville, Middleborough, Rochester and Freetown.
(2) The area in the vicinity of the Monponsett Ponds and Silver

Lake in the towns of Pembroke, Hanson and Halifax.

REPORT OF THE SPECIAL COMMISSION ON GROUND
WATER SUPPLIES IN BRISTOL AND PLYMOUTH

% COUNTIES.
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The results of the preliminary study were published in Senate,
No. 620, dated January, 1955. One of the Special Commission's
recommendations contained in that report was that the investiga-
tion should be continued for an additional two years, and the sum
of $45,000 should be made available. As a result, the Legislature
authorized the continuation of the investigation under the provi-
sions of chapter 68 of the Resolves of 1955 for a period of about
eighteen months. Funds, however, were not made available until
September, 1955, when $25,000 was appropriated in the supple-
mentary budget. I

The Special Commission decided to continue the work of ground
water exploration in the vicinity of the so-called Lakeville Ponds.
The Commission retained the services of Mr. Paul C. Ross, as senior
sanitary engineer, to continue obtaining data on existing wells in
the area as well as to assist the geologists who were engaged to do
underground exploration. The services of Mr. Lawrence A. Wing,
consulting geologist, of the University of Maine, who had been work-
ing on a temporary assignment at the Massachusetts Institute of
Technology, were secured for making a preliminary surface ge-
ological survey. His first survey covered an area of about 330
square miles in the vicinity of the Lakeville Ponds in the towns of
Lakeville, Middleborough, Rochester and Freetown. He also made
a limited survey in the town of Dartmouth covering an area of ap-
proximately 30 square miles. The results of the survey made by
Mr. Wing are shown on the appended map. Indicated on the map
are the outcroppings of rock or where rock is close to the ground
surface as well as the areas that gave promise of finding permeable
material suitable for obtaining ground water. As a result, the
services of Rev. Daniel Linehan, S.J., of Weston College, consult-
ing geophysicist specializing in ground water development, were
engaged to carry on the third stage of the investigation; that is, to
ascertain by seismic methods the location of the bedrock indicating
the underground valleys. This type of survey shows the location
of underground valleys and also gives a rough indication of th|
type of materials that might be encountered as well as whether or
not some of them are water bearing.

There are two methods of seismic surveying of subsurface condi-
tions, namely, the seismic reflection method and the seismic refrac-
tion method. The method used in this study was the seismic re-
fraction method which is normally used where depth to bedrock is
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200 feet or less. The seismic refraction method “is based primarily
on the measurement of the time of advance of a wave front gen-
erated by an explosion. This measurement is made by timing the
arrival of a wave front at various instruments placed in progression
away from the explosion or shot point.” 1

Since seismic waves (sound) travel through various media with
different velocities, the seismic refraction method utilizes this vari-
ance in velocity to determine the nature and thickness of subsurface
materials and formations. The source of the seismic waves in this

�study was an explosion created by a small amount of dynamite
which was detonated approximately four feet below the ground sur-
face. Twelve instruments, or seismometers, were spaced at various
distances away from the explosion to record the time of arrival of
the wave front. When the waves arrive at each seismometer, the
mechanical energy is transduced into electrical energy which is, in
turn, amplified and then recorded on photographic paper in the
oscillograph. Immediate development is made in the field, and the
operator can then give an approximate figure on the depth to bed-
rock and an estimate of the physical properties of the cover material.

The advantage of using the seismic method in reconnaissance for
ground-water development lies in its speed and economic saving.
This method eliminates extended test drilling in locations chosen
from surface indications alone which have often proven unsuccess-
ful due to proximity of the bedrock to the ground surface.

The areas in which this work was done are also shown on the
appended map of the area showing the surface geology.

Unfortunately this portion of the investigation could not be car-
ried out satisfactorily during the winter months because of the fact
that the accuracy of the seismic survey is not as good when the
ground is frozen. Further delay occurred when Father Linehan
was engaged to accompany Admiral Byrd’s expedition to the Ant-
arctic. Actually, the seismic work could not be started until the
latter part of July, 1956, and continued until December 1, 1956.

(jty Concurrently, data were obtained in the field concerning exist-
ing wells in order to assist the geologists in the selection of the most
promising areas to do the seismic work. A summary of the data
obtained on some 885 existing wells is shown in the following
table:

1 Linehan, Daniel, Seismology applied to Shallow Zone Research, Special Technical Publication Xo 122
ASTM, 1951.
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Southeastern Massachusetts Ground Water Study Commission.
Existing Wells, Bristol and Plymouth Counties.

Variation in
Number of Variation in Elevation of
Wells Data Depth of Wells BedrockMunicipality
obtained. (Feet). encountered:m. S. L,

Bristol County

18 to 181 —7O to 49Acushm
36 11 to 410 48 to 120Attleboro

Berkeley 3 31 to 264 —lO to

f-2 to 153Dartmouth
Dighton 46 10 to 157 —l3O to 11

19 14 to 210 30 toEaston

25 to 80 -40 to 40Fairhaven
Fall River
Freetown

66 to 507 —lOO to 199
35 to 250 60 to 1549

23 9to 48 87 to 121Mansfield
New Bedfc 20 60 to 700 -60 to
North Attleborough to 500 to

14 25 to 138 -15 to 80Norton
46 sto 250 -28 to 65Raynham

Rehoboth
» tc

0

29 to 60Seekonk
Somerset
Swansea

16 7 to 325 -10 to 125
38 5 to 198 30

36 22 to 1200 -75 to 150Taunton
Westport 11 40 to 630 sto 120

Total 409

Plymouth County

6 20 to 230 27 to 110
23 25 to 236 -42 to 41

Abington
Bridgewater
Brockton .

36 -42 to 41
4 30 to 540 35 to 109

Carver 0
Duxbury .

East Bridgewater
14 11 to 200 8 to
12 32 to 493 —5 to 61

39 to 172Halifax
Hanover
Hanson

39 15 to 67 -16 to 110
10 20 to 223 10 to 40

Hingham
Hull .

44 10 to 190 -66 to 132

37 35 to 120 —3lKingston

Lakevilh
Marion

4 75 to 89 93 to 115
19 to 50 -41 to 11

Marshfield 42 16 to 97 -23 to 14

Mattapoisett
Middleborough
Norwell

39 16 to 147 —4 to 44
16 42 to 250 -70 to 95

to 285 -47 to 80

Pembroke
Plymouth
Plympton

30 Bto 74 -40 to 12 i15 to 310 -28 to 44
3 36 to 121 44 to 60

Rochester
Rockland
Scituate

31 9to 195 —49 to 61
21 18 to
20 17 to 119 —6O to

Wareham 21 22 to 67 -35 to —lO
West Bridgewater
Whitman

16 11 to 86 33 to
80 to 142 99 to 103

Total 476
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Many of these data were obtained through the co-operation of
the municipal water department officials as well as from well
drillers, consulting engineers and the Ground Water Branch of the
U. S. Geological Survey.

The results of the seismic survey gave indications of several
suitable locations where ground water in substantial quantities
might be obtained in the area south of the Lakeville Ponds. The
work had to be terminated before completion as the resolve author-
izing the study required the Special Commission to file its report

Ipfby the last Wednesday in December, 1956.
In order to conclusively show the amount of ground water avail-

quality of the water, additional
s should be followed by using elec-
types of material that might be

round down to bedrock, plus the
more suitable localities, in order

able in the area, as well as the
seismic work must be done. This
tronic methods to determine the
found below the surface of the j.
installation of test wells in the
that pumping tests can be made to ascertain the quality and quan-
tity of water available.

A limited amount of seismic exploration work was done in the
town of Dartmouth to explore the possibilities of obtaining ground
water in that area. This work indicated that there was one area
which showed sufficient depth of material to suggest it as a possi-
bility for obtaining a ground water supply. The town of Dart-
mouth has recently engaged consulting engineers to investigate the
possibility of installing its own sources of water supply. The data
obtained in this investigation were turned over to the town and
their consulting engineers for further development.

The details of the seismic investigation by Father Linehan and
his field staff are shown in the attached report.

In order to accelerate this investigation the Special Commission
conferred with representatives of the Ground Water Branch of the
U. S. Geological Survey to ascertain if that service had funds avail-
able to co-operate in a program of ground-water exploration. That

was interested in co-operating with the Commonwealth of
Massachusetts in such an investigation, but did not have funds
available at the moment to carry on a co-operative program with
the Special Commission. It later developed that they were unable
to supply personnel, even if the Special Commission financed the
entire investigation, due to the lack of available personnel experi-
enced in ground-water investigations.
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Under chapter 620 of the Acts of 1956 there was established in
the Department of Natural Resources a Water Resources Commis-
sion having under its supervision a Division of Water Resources.
The need for the exploration of our ground-water resources in the
Commonwealth is evident. During the past fifteen years 233 addi-
tional sources of municipal water supply have been approved by the
Department of Public Health, of which 224 were ground-water
sources. There is a definite trend to developing ground-water
sources for both municipal and industrial uses because of the many
advantages over the use of surface water supplies. \

In addition, the use of ground water for municipal water supply
purposes leaves available the surface water sources for other usage.
There is a need for the continuation of the work that was started
by this Special Commission not only in the Bristol and Plymouth
counties area but also throughout the entire Commonwealth.

Summary of Work carried on by the Special Commission
to Date.

This Special Commission, created by chapter 55 of the Resolves
of 1954, and continued by chapter 68 of the Acts of 1955, to study the
question of ground-water resources in Bristol and Plymouth coun-
ties, was unable to fulfill the purposes of the two resolves in an ade-
quate fashion. The Special Cc mmxission feels that there is a need

' our ground-water resources if basic
t simply a recapitulation of general-

for a long-term investigation of
data are to be obtained and no
ized data found in many of th<
date. It is not possible to do
rapidity due to the fact that tl
experienced in this specialty,
personnel, the investigation has

reports that have been written to
type of basic work with gre

re is a dearth of trained person
Furthermore, even with adequa
:o be carried through certain stag

and each is dependent upon the other. It could be said that the
work should be divided into five
ing wells and from previous sur
the surface geology in order to
incapable of yielding ground wr al
tion of the depth to impervious
seismic methods; (4) select the
seismic tests and make further

(1) Obtain data of exist-
eys; (2) a survey by a geologist of^j
eliminate areas that are obviously
■r; (3) make a geophysical explora-
materials or bedrock by use of the

most promising areas shown by the
electronic resistivity tests to ascer-
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tain the types of material encountered; and (5) the installation of
test wells in the most suitable areas as indicated by the four previous
steps, and conducting pumping tests to determine the quality and
quantity of water available.

Simultaneous with performing the above steps, measurements
should be made of the elevation of ground water and its seasonal
variations in certain selected existing wells, as well as the elevation
of near-by natural ponds. Measurements should also be made of
stream flow in order to have some indication as to what percentage
of the rainfall might be recovered as ground water.

It is not possible at the time of writing this report to know the
exact amount of money spent during the present investigation, but
it is estimated that the cost will not exceed -19,500 out of the original
$25,000 made available by the Legislature. The detailed financial
statement is to be supplied.

Recommendations.
As a result of this study, the Special Commission makes the fol-

lowing recommendations:
(1) The investigation should be continued in the Bristol and

Plymouth counties area so that the work accomplished so far will
not be lost if not completed.

(2) The ground-water investigations should be extended to other
areas of the Commonwealth, possibly after completion of the Bristol
and Plymouth counties study, as a basic water resources study for
the Commonwealth.

(3) The existence of the Special Commission established for this
study should be terminated with the filing of this report, and the
work should be continued by the newly established Water Re-
sources Commission. (Draft of suggested legislation included in
Appendix A.)

(4) Unexpended funds appropriated to the activities of this
Special Commission, amounting to approximately $15,500, should
be made available to the Water Resources Commission immedi-
ately in order to continue this activity during the current fiscal year.
If these unexpended funds are made available to the Water Re-
sources Commission it will be possible to have it carry on a co-
operative program with the U. S. Geological Survey, who now have
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funds available for this work on a matching basis. Additional fund
ihould be made available starting in the fiscal year 1958 for con

uing this program.
The Special Commission is turning over copies of all of the

original data, including the data obtained on some 885 wells or
groups of wells, to the Water Resources Commission for its file

Respectfully submitted,

CLARENCE I. STERLING, Jr.
Chairvian

ARTHUR D. WESTON.
IRVING B. CROSBY.
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In the Year One Thousand Nine Hundred and Fifty-Seven

An Act authorizing the water resources commission to in-
vestigate THE GROUND WATER RESOURCES IN THE COUNTIES
OF PLYMOUTH AND BRISTOL.

Be it enacted by the Senate and House of Representatives in General
Court assembled, and by the authority of the same, as follows:

1 Section 1. The Water Resources Commission, established
2 by chapter six hundred and twenty of the acts of nineteen hun-
-3 dred and fifty-six, is authorized to continue the investigation
4 and study of ground-water supplies in the counties of Plymouth
5 and Bristol that were undertaken by a special commission origi-
-6 nally established under the provisions of chapter fifty-five of the
7 Resolves of nineteen hundred and fifty-four.

1 Section 2. It may expend for carrying on said investigation
2 the unexpended funds that were made available to the special
3 commission established under chapter fifty-five of the Resolves
4 of nineteen hundred and fifty-four, budget item number 2002-
5 26-00, made available to that special commission for certain
6 studies under the provisions of chapter seven hundred and
7 eighty-four of the acts of nineteen hundred and fifty-six, to-
-8 gether with such additional sums as may be appropriated there-
-9 for, and such sums shall remain available to the water resources

10 commission until expended.

1 Section 3. This act shall take effect upon its passage

Appendix A.

PROPOSED LEGISLATION.

C&e CommontoealtJ) of Qiassaclmsetts



SENATE —No. 540. [Jan.14

�J

REPORT OF THE SEISMIC SURVEY FOR THE GROUND-
WATER COMMISSION OF THE COMMONWEALTH OF
MASSACHUSETTS.

In several conferences with Mr. Clarence I. Sterling, Jr., Mr.
Arthur D. Weston, Dr. Irving B. Crosby and Rev. Daniel Line- *

han, S.J., it was proposed that geophysical studies for subsurface
water supplies should be preceded by a geological survey. In this
manner many sites could be eliminated from the geophysical sur-
vey on the findings of the geologist. As is noted above, more than
one meeting was held to discuss this procedure and not all of the
above-mentioned persons were present at each meeting.

Accordingly, the consulting geologist, Mr. Lawrence Wing, op-
erated fairly extensive geological surveys throughout the following
six quadrangles: Assawompset Pond, Assonet, Fall River East,
New Bedford South, Snipatuit Pond and Westport.

Mother meeting was held with Mr. Wing present in which the
results of his survey were considered and his suggestions as to the
probable location of preglacial valleys and aquifers noted. With
the geological data at hand, the Reverends Daniel Linehan, S.J.,
and James W. Skehan, S.J., visited the areas suggested by Mr. Wing
to determine the feasibility of operating geophysical surveys ther
and to decide on the amount of instrument spreads that might be
arranged in any one are

Location of Survey

The seismic survey was operated in parts of the above-mentioned
quadrangles and arranged in such a manner as to cross the pre-
glacial valleys proposed by the geological survey. No attempt was
made to outline completely any one valley, but the amount of time
allotted to seismic operations was divided to cover as many valleys
as possible, even by one traverse, in case a drilling program might
be required in the near future. These locations were not surveyed
on successive days, but time was allowed between surveys to per-

Foreword.
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Mit interpretation of records and to plan for future instrument ar-
rangement. Mr. Paul C. Ross, senior sanitary engineer, repre-
senting the Special Commission, was notified each day the seismic
crew operated, and he, if possible, observed the field studies.

Use of Seismic Surveys in Ground-water Development

A more extensive treatise on the advantage of employing the
seismic refraction method for ground-water development may be
found in a publication by one of the authors of this report, namely,
“Seismic Reconnaissance for Ground Water Development,” by
Reverend Daniel Linehan, S.J., and Scott Keith (deceased), Yol.
LXIII, No. 1, Journal of the New England Water Works Association.
We feel, however, that a brief explanation of some of the factors
involved may clarify understanding theresults of the present survey.

The method is based on a study of the velocity of transmission of
sound waves through various materials, and thus attempting to
interpret the materials and their dimensions through this velocity
phenomenon. The method is a speedy and economical one to as-
sist the geologist in eliminating areas unsuitable for ground-water
development. The method does not locate the ground water di-
rectly, but does determine the geological conditions that should
prove favorable to such water reserves. The seismic method can,
and with accuracy, determine the depth to bedrock, and, accord-
ingly, the thickness of the overburden. It can also determine the
existence of the various layers or strata of overburden material,
but it is more difficult to interpret the type of material in all cases.
It is less difficult to interpret “hardpan” which transmits the sound
wave at a velocity of about 8,000 feet per second; or aeolian sands
and dry sedimentary sands whose velocity might be about 2,000
feet per second. Dry gravels transmit the vibrations in the vicinity
of 3,500 feet per second, and these may be correctly interpreted, but
clays, gravels and sands within the water table may yield velocities
in the neighborhood of 4,500 to 5,500 feet per second, and it is
difficult to designate which material is there. Test drilling is the
final determining factor for the correct interpretation.

Depending on the type of terrain, from a half mile to a mile of
linear footage a day may be studied and unsuitable sites be elim-
inated and probable sites chozen for a further program of test
drilling.
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Results of the Seismic Survey.

The location of the seismic surveys will be found on the map.
Some areas call for special attention and a drilling program is

suggested for these sites. It might be mentioned here that the aver-
age velocity in these probable areas is 5,000 feet per second which
could be either gravels or sands within the water table, or even
clays. In some sections there is a stratum of lower velocity ma-
terial above the higher velocity material, and the contact between
these we have interpreted as the water table.

Areas 1, 2, 3 and 5 can be recommended for test drilling. Areas
4, 6, 7 and 9 are of secondary importance, but might prove to be
satisfactory and could be drill tested after the former areas are
tested. The remaining areas, 8, 10 and 11, are not recommended
for testing as the depth to bedrock is too shallow to warrant drilling.

Discussion of Results.

Area 1. From shothole “N” to shothole “T”, test drilling is
recommended. The depths to bedrock demonstrate there is from
95 to 85 feet of overburden with the velocity of the overburden
material about 5,000 feet per second. Cedar Swamp and the
Assonet River are near by which may aid in holding up the general
water table.

The seismic traverse here may not be at right angles to the valley,
and the picture as outlined might suggest a wider valley than ac-
tually exists. It is possible that the pattern chosen by the seis-
mologists to take advantage of the highways is running somewhat
oblique to the valley pattern. Further studies could determine
the actual trend of this valley.

Area 2. — From shothold “K” to “H”, test drilling could be
undertaken. Depths here range from 120 to 110 feet below surface.
There is an average of 35 feet of low velocity material overlying
the 5,000 feet per second materials, and the contact between these
may possibly designate the water table. This area is approximately
a mile west of Long Pond.

Area 3. The deepest point in this area is at shothole “F”
where there is 130 feet of overburden. Again there is about 23 feet
of low velocity material above the 5,000 feet per second layer. This
is due south of Long Pond about a half mile distant, and drilling is
strongly recommended at this point.
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Area 4- From “E” to “A” the depths range from 145 to 115
feet below surface. There is approximately 40 feet of low velocity
material on top, and again the contact could be the water table.
This area is about a half mile from Great Quittacas Pond.

Area 6. From “J” to “G” the depth averages from 45 to 60
feet, with 10 to 20 feet of low velocity material above the higher
velocity stratum. From “D” to “C” there is also good depth, but
the velocity of the overburden is quite low. This area is about a
mile from Little Quittacas Pond.

Area 6. At shothole “C” there is one deep spot approximately
115 feet to bedrock, with about 40 feet of low velocity material
overlying the 5,000 feet per second material. This area lies between
Great Quittacas Pond and Snipatuit Pond.

Area 7. Between “N” and “M”, and “G” and “C” there is
suitable depth to bedrock, approximately 75 feet, with some 15
feet of low velocity material above the high velocity material. This
latter is running higher than elsewhere, and the 5,600 feet per
second average velocity may be a little high for a good aquifer.

Area 9. From “D” to “F” the depth averages from 70 to 75
feet below surface, and about 20 feet of low velocity material. This
area is close to Cedar Dell Lake.

The remaining areas, 8, 10 and 11, as mentioned above, are too
shallow to suggest drilling programs.

Recommendations of Further Studies in these Quadrangles,

If it is decided that further studies be made to evaluate the
ground-water conditions in this area of the Commonwealth, it is
suggested that the various valleys that have already been found be
traced with seismic surveys to determine their actual extent and
potential reserves. The possibilities of lower rock elevations in the
same valley might suggest that the test drilling be operated in such
an area.

Recommendations for Ground-water Studies in the Common-
wealth.

The authors of this report feel that excellent corroboration was
attained between the geological and geophysical studies, and if any
program might be brought forth to extend further studies through-
out the Commonwealth to determine ground-water resources, then
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the program as used in this present study could, with some modifica-
tions, be applied to the Commonwealth as a whole.

The geological survey for such a study could be made quite
easily if the geologist is kept to the matter at hand, and does not
attempt to map all of the bedrock, etc., in the various quadrangles
under study at the time. Many areas, too, can be eliminated by
an office study of the topographic maps of an area or at least these
areas could be relegated to later surveys in the field, if they do not
feel promising from the topography.

The seismic surveys could follow upon the geological study, but
no insistence should be made that these studies be continuous. It
is better in a survey of this sort to permit time to study the in-
terpretations of the seismic results, before going blindly ahead and
trying to cover the entire area with seismic surveys. If the area
looks probable to the geologist, but the preliminary work of the
seismologists shows it to be unsuitable, then the seismic studies
could be halted lest appropriated funds for this study be wasted.

If a certain township should, in the midst of these studies, re-
quest aid from the Commonwealth to search for water resources
for their own immediate needs, then both the geologist and geo-
physicists should be able to move their operational sites to ac-
commodate this township.

Weston Observatory,

(Rev.) DANIEL LINEHAN, S.J.,
Director.

(Rev.) JAMES W. SKEHAN, S.J.,
Assistant Director.
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