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The many years of “laissez faire” in dealing with water
problems in Massachusetts have brought us to a dramatic day of
reckoning. This extended drought which we are now experienc-
ing has caused the fulfillment of the dire predictions of our en-
gineers. Words cannot exaggerate and reports cannot over em-
phasize the hazards of the present conditions of water supply in
the Central Plymouth County Water District.

Delays in diversion of water supply from secondary ponds to
the principal area source of our water, Silver Lake, is the main
cause of our precarious position.

Our commission must expedite all possible plans to utilize ef-
fectively all area water resources, not only the utilization of sur-
face water supplies, but also of ground-water sources. It is para-
doxical that the economic loss and outright hardships of this
situation are so unnecessary if we will only move to utilize our to-
tal water resources. Our continued area growth must not be
blocked by this scarcity born of neglect in the midst of a plentiful
water availability.

A brief synopsis which comprises the Commission’s report and
the detailed study and report of the Commission’s consulting en-
gineers are attached.

*

INTRODUCTION

TO COMMISSIONERS

REPORT
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REPORT OF THE CENTRAL PLYMOUTH COUNTY WATER
DISTRICT COMMISSION RELATIVE TO THE WATER

RESOURCES OF THE CENTRAL PLYMOUTH COUNTY
DISTRICT

To the General Court of Massachusetts

The Central Plymouth County Water District Commission here-
by submits its report relative to the Water Resources of Plym-
outh County as authorized by Chapter 371 Acts of 1964 which
read in part as follows:

“The commission shall, in cooperation with and with the
advice of the State Department of Public Health, the depart-
ment of agriculture and the water resources commission,
investigate available surface and subsurface sources of water
supply for the district, and shall study the water supply
needs and resources of Plymouth county and the adjacent
portions of Norfolk county, with priority given to the study
of Brockton and the towns of Hanson, Halifax, East Bridge-
water and Whitman.

The commission shall also investigate all pertinent matters
relating to the quantity of water required, the quantity of
water to be obtained from available sources, its quality, the
best method of protecting the purity of the water, the con-
struction, operation and maintenance of the works for stor-
ing, conveying or purifying the water and the cost of the
same, the damages to property and all other matters per-
taining to the subject.”

The Commission has therefore entered into a contract with
water supply consultants, Camp, Dresser & McKee of Boston to
prepare a report on water resources of the District. The Consult-
ing Engineers report is attached as Appendix A.

Due to insufficiency of time, and of funds, the studies that were
made and covered by this report concern only potential surface
water supplies. Additional ground-water studies were confined
to a review of existing data. Development of ground-water re-
sources can be studied when necessary funds therefor are ap-
propriated for the Commission’s use, and the necessary time
granted to the Commission to study and report on that phase of
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its work. Ground-water sources, if found to be available near
points of concentrated needs may be far cheaper than more dis-
tant surface water supplies.

The study made clear the necessity of developing area and Dis-
trict planning for the preservation, enchancement, and equitable
allocation of water from areas of supply to areas of usage. Taken
into full account must be the development of multiusage of water
for domestic consumption, agricultural requirements, the pres-
ervation and enlargement of recreational usage, and industrial
and other uses. The comparative cost of developing the alternate
supplies expressed clearly in dollars per million gallons is pro-
vided to aid decisions to implement this study.

The amounts and locations of usable surface water within the
District and the qualities of this water are now known and fully
reported in this study. The problems of creating maximum stor-
age of available surface water at advantageous sites have been
investigated and reported on. The anticipated increase in the us-
age of water for all purposes, and the means of creating additional
reservoir supplies to meet the increased usage are also investi-
gated and charted in the Commission’s surface water study. The
finalizing and completion of a ready-to-go plan of operation
should be the continuing work of the Commission.

It is also established by this study that the District can draw
upon and make available surface water now largely wasted. With
this water utilized and with adequate storage and distribution,
the District’s needs for many years of predicted expanded usage
can be met.

It is now fully established that the supply capacity of Silver
Lake, the primary supply of the Brockton water system, has
been grossly overdrawn for a number of years and that the re-
sources of its natural watershed are incapable of meeting the
demands placed upon it.

Furthermore, because of delays in supplementing this supply,
it is evident that recurring periods of natural drought can bring
the water supplies of the communities in the District to the verge
of disaster, as present conditions now forcibly demonstrate.

It becomes evident, therefore, that the water resources avail-
able to the District must be expanded and more fully and efficient-
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ly utilized and that plans to accomplish this should be promptly
prepared. The completed construction for diversions of water
from Furnace and Monponsett Ponds constitutes a first step in that
direction. A second step would be the utilization of wasted water
from Pine and Howard Brooks by diversion into Silver Lake.
This would ensure water to the towns making up the District
for well into the future.

It is apparent that area water resource planning, including al-
location thereof, is a definite need to insure adequate water sup-
plies from surface water sources through efficient utilization of
available watersheds. The Commission should be enabled to con-
clude its work with the establishment of a completed program
of surface water management for the mutual benefits of the en-
tire District.

It is most definitely advisable that the Commission be enabled
to undertake the next phase of its work, namely, the study of
ground-water resources within the District. To this end, it has
filed for an appropriation and for the necessary time to conclude
this phase of its work. The Commission respectfully requests fav-
orable action on this appropriation and time extension. The solu-
tion of the matter of adequate water supply is vital to the District.
The Commission’s work, while completed to the extent that avail-
able time and money permit, is only partially done. The District
looks forward to its being given the means of completing its job.

The Commission feels strongly and accordingly recommends
that work be authorized promptly on the planning for the utiliza-
tion of water from Pine and Howard Brooks as briefly outlined
above and fully covered in its study; also that funds be made
available for the previously described investigations of ground-
water sources and the completion of the scope of work, as directed
originally by the Legislation.

Respectfully submitted,
HERBERT H. WYDOM, Chairman

CONCLUSION:

LEGISLATION:

ROBERT C. ANDREWS, Secretary
PHILIP E. CAREY, Treasurer
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Mr. Herbert H. Wydom, Chairman
Central Plymouth County Water District Commission
Town Hall
Hanson, Massachusetts

Dear Mr. Wydom;

At the request of the Central Plymouth County Water District
Commission, we have conducted a study to determine the water

Q supply needs, resources, and allocation of surface and ground-
water supplies in said District. The District is composed of the
City of Brockton and the Towns of East Bridgewater, Halifax,
Hanson, Kingston, Pembroke, Plympton, and Whitman. The re-
sults of our investigation are summarized below and presented in
detail in the main body of this report.

The report is prepared in accordance with the provisions of
Chapter 371 of the Acts of 1964. The specific requirements of
said legislation require that the Commission shall “investigate
available surface and subsurface sources of water supply for the
District and the allocation of said supplies within the District,
and shall study the water supply needs and resources of Plymouth
County and the adjacent portions of Norfolk County, with prior-
ity given to the study of Cleveland Pond in Abington, and to
ground water in the City of Brockton and the Towns of Hanson,
Halifax, East Bridgewater, and Whitman.”

The funds currently available to the Commission are adequate
only for the conduct of certain initial studies. The report, here-
with presented, is, therefore, restricted in its studies to the Dis-
trict itself and to that outside of the District which is directly
related to its needs or was requested by the Commission. It con-
tains information relative to the quantity of water required and
where those points of greatest demand are at present located.
Detailed studies have been made of the most feasible sources of
surface water supply. These encompass the determination of the
quantity of water available, its quality, the best method of pro-

Water Supply Study

SUMMARY



[MaySENATE —No. 847.8

tecting the purity of the water, and information pertinent to the
construction, operation, and maintenance of the works for storing,
conveying, or purifying the water and the cost of same, the dam-
ages to property, as well as consideration of other matters per-
taining to the subject. The ground-water resource of the region
has been investigated to the extent of reviewing existing data
and based on said review, making recommendations for further
study.

Use has been made of previous reports, where applicable, and
these are listed as references in the Appendix. Repetition of de-
tails contained in these previous reports has been ommitted.

Additional funds are requested by the Commission for the con-
tinuation of this study. These funds would be employed to com-
plete the work as stipulated by the legislation. This would in-
clude test well work so as to adequately evaluate the ground-water
resources of the area. The geographical area would be expanded
into Plymouth and Norfolk Counties. Their water supply require-
ments and the best means of meeting these requirements would
be further studied from the economic standpoint.

The present water consumption from the public water supply
systems in the Central Plymouth County Water District is about
8.7 million gallons per day. Certain areas within the District de-
pend upon private wells for water so that the present water needs
of the entire area are probably about 9 million gallons per day.
The modern highway construction now underway in the region
will, undoubtedly, result in a rapid expansion of residential and
industrial development and increase the domestic and ordinary
industrial water needs of the District to an estimated 20 million
gallons per day by the year 2010.

Silver Lake, with the present diversions from Furnace and
Monponsett Ponds, now has a safe yield of 12 million gallons per
day. Adding diversions from Howard and Pine Brooks will in-
crease the safe yield to 14.8 million gallons per day which togeth-
er with ground-water supplies within the District, would be suf-
ficient for the domestic and ordinary industrial needs of the Dis-
trict until the year 2005.

Water Supply Needs
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One of the most vital industries in the region which affects
the economy of the entire District is the growing and processing
of cranberries. This industry is a large user of water and has
pioneered in the development of the region’s surface water supply
facilities. Water used in cranberry processing is one of the major
industrial uses of municipal water. As water resources continue
to be developed and diverted for public water supply purposes,
the cranberry growers may suffer unless provisions are made
to assure their share of the water resources or compensate it by
supplying water for cranberry growing and processing. We con-
sider that, in developing water resources, consideration should be
given to recreational uses, the full needs of the cranberry growers
and processors, as well as for domestic and other industrial uses.

We estimate that the demands of the cranberry industry within
the district may amount to as much as 4 mgd so that by the year
1988 sources of supply will have to be developed in addition to
those described above.

The most extensive cranberry growing areas lie in the Towns
of Carver and Wareham. While these towns are not in the Cen-
tral Plymouth County Water District, the water supply problems
in the entire region are mutual, and we understand that the Dis-
trict in planning and developing new sources of water supply has
considered that it should make whatever provisions are necessary
to meet the water needs of the cranberry industry in Plymouth
County.

A tabulation of the supplementary surface water sources avail-
able to the Central Plymouth County Water District is furnished
on page 4. The sources of more immediate interest are those
which may be diverted, either by gravity or by pumping, to Silver
Lake. Considering the present and readily foreseeable demand
for water supplied from Silver Lake, the additon of sources from
other watersheds will provide only a limited increase in the safe
yield1 of the lake. The storage is adequate to accommodate the
diversions from Furnace and Monponsett Ponds, and an amount

Surface Water Sources

1 Safe Yield The maximum dependable draft which can be made continuous-
ly upon a source of water supply (surface or ground water) during an ex-
tended extreme drougt period.
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equal to that available from the possible diversion of Pine and
Howard Brooks. This water will require no treatment other than
chlorination prior to discharge into Silver Lake. It will be sub-
jected to a complete treatment process in the new Brockton Wa-
ter Treatment Plant before delivery to the distribution system
within a few years.

Of the diversions studied, two for the Jones River watershed
were the least expensive on a basis of cost per million gallons
of water diverted. The implementation of either of these propos-
als is controlled by the availability of storage in Silver Lake and
the demand placed upon the lake. At the present time, it is not
possible to implement either of these proposals due to inadequate
available storage in the lake. At such time that the demand has
increased to the point where it would be desirable to implement
the Jones River diversion, it would be recommended that a second
intake be installed nearer the bottom of the lake. This would
allow for pumping of water below the present intake level when
desired.

SUPPLEMENTARY WATER SOURCES
For

Diversion
Increase Amount
in Safe Cost Treatment Diverted
Yield Total Cost Per Mg Included Per Year

( mgd)l Per Year (.1967) In Cost (mg)
Jones River

Downstream 7.8 5287,772 575.50 Chlorination 3,800
Upstream 6.6 209,380 77.50 Clorination 2,700

Pine and Howard Brooks 2.8 76,000 89.50 Chlorination 440

Upper and Lower Chandler Ponds
Pumped 1.4 48,800 111.00 Chlorination 850
Gravity 1.4 64,600 145.00 Chlorination 440

North River 30.0 2,242,500 205.00 Complete Treatment

Billington Sea 2.0 238,400 327.00 Complete Treatment

Cleveland Pond 0.9 108,089 329.00 Complete Treatment

1 Safe yield The maximum dependable draft which can be made continuously
upon a source of water supply (surface or ground water) during an extended
extreme drought period. Increase here is over safe yield of Silver Lake with
Furnace and Monponsett diversions = 12.0 mgd.
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Assuming installation of the second intake and raising the
surface elevation about 2.5 ft so that adequate storage is avail-
able, the following would hold:

1. Downstream Site: This is located on the Jones River in Kingston. It
would provide approximately 3,800 mg per year additional water chlor-
inated and delivered to Silver Lake at a 1967 cost of $75.50 per mg. This
would increase the safe yield of the lake from its present 12 mg per day,
including the Furnace and Monponsett Pond diversions, to 19.8 mg per
day.

2. Upstream Site: This site on the Jones River in Kingston might prove
preferable from a quality standpoint. It would yield approximately
2,700 mg per year chlorinated and delivered to Silver Lake at a 1967 cost
of $77.50 This would increase the safe yield of the lake to 18.6 mg per
day.

Pine and Howard Brooks, located in Kingston, are tributaries
to the Jones River. Their diversion would yield approximately
850 mg per year chlorinated and delivered to Silver Lake at a
1967 cost of 889.50 per mg. The safe yield of the lake would be
increased to 14.8 mg per day.

Upper and Lower Chandler Ponds might also be considered for
a gravity diversion. These would yield only 440 mg per year at a
1967 cost of $lll.OO per mg. This will increase the safe yield of
Silver Lake by only 1.4 mg per day to a total safe yield of 13.4
mg per day.

If a supplemental supply is desired for Silver Lake in the rela-
tively immediate future, the Pine and Howard Brooks proposal
would be the more advisable. The Jones River proposals are wor-
thy of consideration only in light of the future requirements of
the area. The diversion of the Chandler Ponds is not worthy of
further consideration due to the high cost and low yield. It is not
practical to consider any diversions to the lake over and above
these.

Any further sources of supply for this region should have their
own storage and treatment facilities. The costs given for said
future sources are for water delivered to the existing transmis-
sion system at Silver Lake so as to provide a common basis for
cost comparison. Cleveland Pond costs were estimated on the bas-
is of connection with said transmission line at the easterly edge
of Brockton.

Of those surface water supplies considered, a storage reservoir
on the North River provides the greatest quantity of water at
lowest cost per million gallons. A dam constructed on the North
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River just below the juncture of Third Herring Brook could im-
pound a usable volume of water equal to 6,600 mg. This would
give a safe yield of 30 mgd fully treated at a 1967 cost of $205
per mg. This proposal would not be practical until the District
to be served has undergone considerable development. The fact that
such a large potential water source does exist might cause such de-
velopment to occur.

Billington Sea, located in Plymouth, has a safe yield of 2 mgd.
This water treated and delivered to the Brockton distribution sys-
tem would have a 1967 cost of $327 per mg. This is too high to
make its use to the District practical. A 1967 cost of $277 per
mg at a treatment plant near Billington Sea might make it an at-
tractive future source to those communities in the more immedi-
ate area.

Cleveland Pond in Ames Nowell State Park, Abington, has a
safe yield of only 0.9 mgd. This will yield water to the Brockton
supply system, the nearest practical distribution point at a 1967
cost of $329 per mg, as treatment will be required. The high cost
per million gallons and low yield make this an undesirable source
of supply now and in the future.

It should be noted that it is not our intent in taking any exist-
ing waters as water supply sources to unreasonably restrict their
use in any way. Reasonable recreational uses will still be permit-
ted and the flowage rights of existing users of the waters will be
guaranteed.

The ground-water resources of the area should be considered
more extensively in a further study. Proposals for the conduct
of such a study have been made in this report.

Ground water may be available in such quantity as to meet
some particular local supply problems. If satisfactory sources
are found close to the point of use, the water delivered to the
consumer could cost much less than that from surface sources.
The utilization of ground water as opposed to the surface water
resources that are available should be judged on a cost delivered
to point of use basis.

Ground-Water Sources
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Metropolitan District Commission Extension
The extension of the Metropolitan District into the towns and

cities of Bristol and Plymouth Counties would require an increase
in the capacity of the Quabbin Reservoir system, a new 10-ft di-
ameter supply aqueduct from the existing supply line in Marlbo-
rough to a new 630 mg distribution reservoir in Canton or Sharon.
These improvements to M.D.C. system will be required also to
service the growth of the Metropolitan area. These costs would
be borne by the communities then a part of the M.D.C. system.

anticipated cost of about $160,000,000 would result in a cost
of over $3OO per million gallons. Due to this high cost, which is
not comparable with the cost for developing available regional
supplies, this extension does not appear to be feasible.

Desalinization

The implementation of desalinization in the area at this time
or in the foreseeable future is not warranted. The cost involved
in the production of fresh water from salt is as much as $l,OOO or
more per million gallons at present even in large facilities. Such
high cost is not justifiable in this region which has adequate
fresh water resources.

Conclusions
It would appear that the available water resources of this region

will be more than adequate to meet the foreseeable future
growth of the region. If proper sanitary precautions are observed
relative to the discharge of waste to watercourses, the preserva-
tion of the existing natural water resources will be guaranteed
for the future.

The new highways which are being constructed through this
region are likely to bring with them both residential and industrial
growth.

The beneficial economic development of the towns in the Dis-
trict can progress very rapidly if the facts developed by this re-
port are made known to the municipalities as well as to prospec-
tive industrial and other developers. The apparent water shortages,
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which have inhibited growth, are due to lack of previous com-
prehensive planning and sharing of available water resources.

The start which has been made with special legislation, im-
plemented by recent construction of water diversion works and
by the action of your Commission, illustrates the solutions which
may be obtained. The continued action, as recommended in this
report, should provide for the development and utilization of ad-
equate water resources.

Recommendations for legislation as furnished by your Com-
mission should include:

1. Provision of $40,000 for ground-water explorations and for engineering
work in connection therewith, including evaluations as to quantity and
quality, allocation of use, and possible provision for treatment to remove
any objectionable elements or pollution.

2. Authorization for land acquisition and final planning of development
of additional surface water sources on the Jones River and by diversion
of flows from Pine and Howard Brooks.

We acknowledge with appreciation the cooperation and direct
assistance furnished us by the members of your Commission and
all municipal officials during the investigation. We also appreciate
the cooperation of the personnel of the Massachusetts Cranberry
Experiment Station for furnishing information on the cranberry
industry in the area, the U.S. Geological Survey for hydrological
data, the Massachusetts Department of Public Health for making
special water analyses of various sources, the Massachusetts Wa-
ter Resources Commission for making available certain informa-
tion on water resources in Plymouth County, and the Department
of Natural Resources and the Department of Agriculture for
other valuable data.

Very truly yours,

Approved:
Joseph E. Heney, Partner

Frank L. Heaney
CAMP, DRESSER & McKEE
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Under the provisions of Chapter 371 of the Acts of 1964, the
Central Plymouth County Water District Commission was author-
ized and directed to investigate available surface and subsurface
sources of water supply for the District, their allocation within
the District and all pertinent matters relating to the quantity of wa-
ter required, the quantity to be obtained from available sources,
its quality, methods of protecting its purity, and means of stor-
ing, conveying, and purifying the water, together with estimates
of cost.

At the request of the Central Plymouth County Water District
Commission, a proposal was submitted by Camp, Dresser & McKee
in a letter, dated October 16, 1964, outlining the scope of the
work necessary to determine the water supply needs and resources
within the District, including studies of population and water
consumption trends, inventories of all existing municipal supplies
within the District and the safe yield thereof, and the investiga-
tion of possible water resources not now utilized, including rec-
ommendations as to priority for further study and to recom-
mend sites for future test well work for possible ground-water
supply development. Subsequently, in a contract, dated February
4, 1965, Camp, Dresser & McKee was authorized to proceed with
a water resources study for the District, as provided in Chapter
371 of the Acts of 1964.

01jr (fiummnmiiraUh of Hlaaaarljttartta

CENTRAL PLYMOUTH COUNTY

WATER DISTRICT COMMISSION

WATER SUPPLY STUDY

INTRODUCTION

General
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The Central Plymouth County Water District is located in a
rapidly expanding section of the Commonwealth where many
of the existing surface water resources are used extensively for
recreation. There are no major watershed areas within the Dis-
trict. Large swampy areas on most of the watersheds produce
a colored water which requires treatment to make it acceptable
for domestic purposes. Ground water in many sections of the
District has a high iron content which, if used for public water
supply purposes, also would require treatment, to reduce the
iron content to a more desirable level.

The cranberry industry, being a key factor in the economy
of Plymouth County is a large user of water, and plans for future
water supply development necessarily include provisions for serv-
ing this vital economic factor.

The present water supply needs of the municipalities in the
Central Plymouth County Water District are estimated to be about
9 mgd. This includes the requirements of rural areas not now
served by a public water supply system, but which, as the Dis-
trict develops, will need to be so supplied.

The present water consumption of the City of Brockton and the
towns which it supplies is now about 8 mgd. With the diversion
works from Furnace Pond and Monponsett Pond now in operation,
the safe yield of Silver Lake is estimated to be 12 mgd, which is
adequate to meet the needs of Brockton and the towns it now sup-
plies until the year 1980. After that, additional sources of supply
must be developed to supply just those communities now supplied
by Brockton. If other towns in the District wish to be
supplied from Silver Lake, additional sources must be developed
at an earlier date.

The capacity of existing ground water supplies together with
ground water supplies now being developed within the District
is approximately 4 mgd.

We estimate that by the year 1990, the water needs of the en-
tire District will be approximately 15 mgd and by the year 2010

Geography and Characteristics of District

Water Requirements of the District
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will be approximately 20 mgd. Making allowances for local sources
of water supply already developed and now being developed,
amounting to 4 mgd, the water needs of the entire District will be
met until the year 1993. At least 4 mgd more will have to be
developed before the year 2010.

The diversion of Howard and Pine Brooks will increase the safe
yield of Silver Lake to 14.8 mgd and with the use of local sources
would satisfy the needs of all towns in the District until the year
2005. However, diversions from Howard and Pine Brooks would
divert water from Cranberry interests and some compensating
water should be provided. In addition to the bogs in Kingston
affected by diversions from Howard and Pine Brooks, other bogs
in the District will be seeking irrigation water during the grow-
ing season. These demands may amount to as much as 4 mgd
during critical dry seasons. On this basis, a safe yield of 19 mgd
including the yield of local sources, should be available by the
year 1990 and 24 mgd by the year 2010. The safe yield of Silver
Lake with diversions from Furnace Pond, Monponsett Pond, and
Howard and Pine Brooks will be sufficient to meet the needs
of the District, including anticipated use by cranberry growers,
until the year 1985, provided the local sources having an aggre-
gate yield of 4 mgd continue to be available.

Those surface water resources studied have been considered
relative to their potential as future water supply resources. De-
velopment of the Jones River, Pine and Howard Brooks, or Upper
and Lower Chandler Ponds would be as future sources of sup-
plementary water to be utilized by diversion to Silver Lake. The
North River, Poor Meadow Brook, Billington Sea, and Cleveland
Pond were considered as independent sources of supply having
their own treatment facilities.

The Jones River watershed of which Silver Lake is a part, is
located primarily in Kingston, its extremities overlapping into
Plymouth on the south and into Pembroke and Duxbury on the
north. The only substantial industry located along the river is

SURFACE WATER

Jones River
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Barnes Worsted, Inc., with one plant on Wapping Road and anoth-
er on Elm Street (See Fig. 1). The Wapping Road facility main-
tains a small dam to supply itself with approximately 100,000
gpd for the washing and scouring of fabrics. The Elm Street facil-
ity is a weaving mill and does not use river water. The firm did
not have available information on its water rights to the river.
It would be necessary to purchase whatever water rights
they own and make arrangements whereby the District could
use the water and guarantee Barnes Worsted, Inc., an adequate
flow. The water rights of the cranberry industry on the Jones
River watershed must be protected also.

The basic proposal would be to pump the flood flows of the
Jones River to Silver Lake for storage. Chlorination will be pro-
vided at all times. The flood flows, as defined by existing legis-
lation in similar diversions, and those flows above the minimum
flow (approximately 0.2 cubic ft per second (ofs) per sq mile).

Sip Pond Brook near Winchendon, Massachusetts, was selected
as a comparable drainage basin for design purposes, as there are
no gaging records available for the Jones River and short-term
records taken now would be of questionable value. The general
watershed characteristics and amount of rainfall received are
comparable with those of the Jones River. The maximum pump
capacity that would be practicable was based on the quantity of
runoff expected at the spillway site from a storm of one-year
frequency. 1 Storage in back of the spillway will be sufficient
to hold that quantity of water equal to one day’s pumping capac-
ity, and will be of such depth as to provide an adequate working
head for the pumps. The pumping station will house chlorination
equipment adequate to supply 20 parts per million (ppm) at peak
flows.

Two possible sites have been considered, one upstream and
one downstream of the Barnes Worsted plant on Wapping Road,
as indicated on Fig. 1.

The drainage area of the Jones River and its tributaries exclusive
of the Silver Lake watershed for the upstream site is about 13.5
sq miles. Approximately 20 per cent of this is undrained swamp,

1 The intensity of rainfall which will be equalled or exceeded, on the average,
once in one year.
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V.

as well as 190 acres of cranberry bogs. The area is lightly popu-
lated and contains negligible industry. The water here is of good
quality for water supply purposes 1 according to the United States
Public Health Service criteria for raw water supplies for domestic
purposes. There is, however, a high color contribution from the
swamps, a decided vegetable odor, and a fairly high iron content.

The runoff from a storm of one-year frequency was found to
be 90 cfs (58 mgd). To handle this quantity of water would re-
quire two 20,000 gpm pumps and approximately 11,000 ft to
60-intransmission main. The estimated construction cost for this
proposal, including allowances for land takings and updated to
1967, is approximately $2,470,000. The estimated operating cost
is $102,700 per year. Assuming amortization over 25 years at 3
per cent interest, the total cost of the water, chlorinated and
delivered to Silver Lake, would be approximately $82.00 per mg.

For comparison purposes, the costs of pumping stations of
lesser capacity are presented in Table 1. The more economical
design was found to be for a flow of 60 cfs (38.8 mgd), chlorin-
ated and delivered to Silver Lake at a cost of about $77.50 per
mg. The station is to be operated only when the natural flow in
the river is in excess of 10 cfs. This will provide a total quantity
of approximately 2,700 mg per year. This figure is derived from
discharge values for 34 years of record at Sip Pond Brook (partial
record Fig 2).

The drainage area for the downstream site is about 16.3 sq
miles. Approximately 17.5 per cent of this is undrained swamp,
as well as 242 acres of cranberry bogs. This site is less desirable
than the upstream facility from a quality standpoint. It is directly
below the Barnes-Worsted, Inc., outfall and the additional drain-
age area contains a greater concentration of housing. Analyses
(See Appendix) have shown the coliform count to be consider-
ably higher here and the iron concentration to be greater.

Based on the same criteria indicated earlier in this report, but
now requiring an additional 5,400 ft of pumped discharge line, a
station with a capacity for a flow of 90 cfs (58 mgd) was found

i A good source of raw water for water supply purposes may be defined as one
requiring usual treatment such as filtration and disinfection. (See reference 17.)
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to be most economical (Table 1). The total quantity of water
pumped will be approximately 3,800 mg per year, chlorinated and
delivered to Silver Lake, at a cost of about $75.50 per mg.

The total quantity of water to be pumped for the more econom-
ical pumping capacities spread over a full year is less than the
computed safe yield for the two watersheds (Fig. 3). Allowing
for legal rights, the safe yield for the upstream site is about 11.3
mgd. The total pumpage for the year would average about 8.0
mgd. This could increase the safe yield of Silver Lake by 6.6 mgd
over and above the 12.0 mgd now available with the Furnace and
Monponsett Pond Diversions. The downstream safe yield is 13.4
mgd; planned average pumping is 12.0 mgd. This could increase
the safe yield of Silver Lake by 7.8 mgd over the 12.0 mgd indi-
cated below.

TABLE 1. COST SUMMARY ADDITIONAL SUPPLY FOR SILVER LAKE
% Total

Construction Yield
PumpedDis- and Land Oper- Amount Pumped

ating Total Pumped Cost for
Cost Cost Per Per Eco-
Per Per Year Million nomical
Year Year (mg) Gallons Capacity

charge Construction Taking
Pipe and Land Cost

Pump Size Taking Per
Capacity (in.) Cost Year
Jones River

Upstream Site
90 cfs =

58 mgd 60 $2,468,590 $143,700 $102,700 $246,400 $3,000 $82.00
60 cfs =

38.8 mgd 48 2,253,090 131,000 78,380 209,380 2,700 77.50 75
40 cfs =

25.9 mgd 36 2,072,580 120,400 71,690 192,090 2,300 83.50
27 cfs =

17.4 mgd 30 1,904,280 110,900 67,750 178,650 1,700 105.00
Jones River

Downstream Site
90 cfs =

58 mgd 60 2,990,450 173,900 113,872 287,772 3,800 75.50 80
60 cfs =

38.8 mgd 48 2,854,050 165,900 88,940 254,840 3,200 79.50
40 cfs =

25.9 mgd 36 2,598,740 151,100 87,197 238,297 2,600 91.50
27 cfs

i 7.; mgd 30 2,355,640 136,900 71,900 208,800 1,900 110.00
Pine & Howard Brooks
Gravity 34,36 1,013,290 59,050 13,500 76,000 850 89.50 83.5
Diversion and 42

combined

All cost values are for 1967 Amortized 25 years at 3% per cent.
Above data assume unlimited availability of storage in Silver Lake.
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Pine and Howard Brooks
Pine and Howard Brooks have a combined drainage area of

about 3.8 sq miles (See Fig. 1). This includes approximately 16
per cent undrained swamp as well as 58 acres of cranberry bogs.
The water quality is uniformly good for water supply purposes
with the exception of a high color in both brooks. Pine Brook
showed a fairly high iron content and the coliform count in How-
ard Brook was considerably higher than that in Pine Brook,
though still relatively low.

In the 1951 Brockton study by Camp, Dresser & McKee, a grav-
ity diversion line capable of handling 22.7 cfs was suggested. This
would give a safe yield of about 2.8 mgd (Fig. 4) and a total actual
expected yield of approximately 850 mg per year. The diversion
facilities would consist of a dam, spillway, intake, and chlorina-
tion facilities as shown in Fig. 1. The total construction cost
(for 1967) would be approximately $1,014,000. This will result in
a final cost of $89.50 per mg, chlorinated and delivered to Silver
Lake.

A comparison of this proposal with that for the Jones River
on a per cent of total yield used basis is seen in the duration
curve (Fig. 5), and on a cost basis in Table 1. The area under
the duration curve indicates the percentage of total yield that is
usable water for the design pumping or flow rates. Final judg-
ment should be based on optimum usage of available water and
on actual cost per million gallons delivered to Silver Lake.

Upper and Lower Chandler Ponds are located within the Jones
River watershed. Upper Chandler Pond has a surface area of only
5 acres and very little drainage area contributory to it. There
is no need to consider this as a separate supply. Lower Chandler
Pond has a surface area of 36 acres and is supplied by the runoff
from approximately 2.0 sq miles of watershed. The water quality
here is relatively good for water supply purposes with the excep-
tion of high color and a noticeable vegetable odor.

If Lower Chandler Pond is used for storage, a safe yield of ap-
proximately 0.75 mgd would be available. As this water is con-

Upper and Lower Chandler Ponds
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tained within the Jones River watershed, it may be subject to
a legislative restriction allowing its use for only an 8-month pe-
riod. This period would give a total yield of only 180 mg. By di-
verting the flood flows at a point just below the pond to Silver
Lake for storage, the yield could be increased to 440 mg. This
would require a conduit capable of handling 12 cfs.

This diversion could be accomplished either by gravity or by
pumping. The cost of these two proposals, including chlorination,
updated to 1967, is as follows:

Construction Construction
and and Operating Total

Land-Taking Land-Taking Cost Cost
Proposal Cost Cost Per Year Per Year Per Year

Gravity Diversion $1,070,000 $62,100 $2,500 $64,600
Pumped Diversion 710,000 41,300 7,500 48,800

Diverted
Per Year Cost

(mg) Per mg

Gravity 440 $145.00
Pumped Diversion 440 111.00

This diversion is more expensive on a basis of cost per million
gallons diverted than the others proposed which would use Silver
Lake for storage. It will also yield less water, increasing the safe
yield of Silver Lake by only a small amount. It should be noted
that the proposed higher yield and less costly downstream diver-
sions would make use of the water from the Chandler Ponds.

The North River is subject to tidal fluctuation for a distance of
approximately 12 miles up from its mouth. Considerable acreage
of salt water marshland is contained in this tidal area. A bill to
protect such marshlands, House No. 3861, is now under considera-
tion by the State Legislature. Considerable public opinion is also
being brought to bear on the protection issue at the present time.
Much of it is directed toward the North River, which is being
deemed an invaluable area for shellfish production and as a water-

North River
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fowl refuge. The bill, if passed, would provide for the acquisition
by the United States of a large portion of salt marsh on the North
River for a national wildlife refuge. The existing legislation and
public pressures should guarantee the preservation of satisfactory
water quality in the area for a reasonable period into the future.

The water quality of the North River in its present state above
tidewater is considered to be acceptable as a raw water source
for municipal water supply. The color and iron are high, however,
and the water does have a noticeable peaty odor. There are some
existing discharges along the river, but these pose no real pollution
hazard according to the Massachusetts Department of Public
Health. This situation will be changed in the future, however. The
Rockland Sewage Treatment Plant, due to begin operation late
this year, will discharge its effluent into French Stream, a tribu-
tary to the North River. A study is being conducted at present
under a legislative resolve as to the advisability of discharging
the plant’s effluent to the sea rather than to the river. Preliminary
plans for a sewage treatment plant for Scituate indicate the effluent
would be discharged into sand beds instead of directly to the North
River. In order to insure that the river water may be employed
for water supply purposes in the future, a full treatment facility
should be provided.

A study of the upstream reaches of the river has not revealed
any practical storage or diversion area. The only point above the
range of the tides at which a dam could be constructed to provide
storage is at State Street in Hanover.* A reservoir at that location,
creating a water surface to Elev. 50, would have a usable capacity
of only 470 mg and would include existing Factory Pond. This is
only 15 per cent of the storage required to develop the maximum
safe yield for the contributing drainage area. It is not possible
to store above Elev. 50, as this would flood the Hanover business
area. Due to the low capacity and impossibility of further develop-
ment, this is not deemed feasible.

A reservoir with adequate storage could be provided by the
construction of a dam within the tidal range just below the junc-
ture of Third Herring Brook with the North River (Fig 7). With

*(See Fig. 6).
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storage to Elev. 25, a usable volume of 6,600 mg would be avail-
able. This storage capacity is approximately 73 per cent of the
storage required to develop the safe yield from the drainage area
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of 53 sq miles. The watershed contains 236 acres of cranberry
bogs, and, in addition, 15 per cent of the total area is undrained
swampland. It does not include Furnace and Oldham Ponds, as
their water is being diverted to Silver Lake.

The reservoir itself would inundate an area that is primarily
salt marsh. The State Department of Natural Resources has in-
dicated that no legal problems should be anticipated in doing this,
as the land takings would be for water supply purposes. This should
place them outside the limitations of the new legislation previously
mentioned. The average depth of the proposed reservoir would be
20 ft, the top 15 ft being considered as usable water. This will give
a safe yield, based on the New England Water Works Association
curves, of 30 mgd (See Fig 8).

The variations of flow in the Ipswich River are indicated on
Fig 9. These data, from a similar watershed, were considered typical
of flows to be expected in the North River. This is a common
procedure when actual flow records are not available.

Development of this storage will require the construction of an
earthfill dam and concrete spillway (See Fig 10). Provisions should
be made at the dam site for a fish ladder to allow the alewives
to go upriver to spawn. In addition, a large dike will be required
to protect an existing reservoir in Pembroke. Where practical,
provisions would be made for rerouting inundated roadways, and
old Route 3 would be bridged over the newly created reservoir.
A complete water treatment facility with a capacity of 45 mgd
would be needed.

The construction and land-taking costs for this proposal have
been amortized over 25 years at 3%. The resulting costs for wa-
ter delivered to the existing pumping station at Silver Lake,
updated to 1967, are as follows:
Construction & Construction & Operating Total
Land-Taking Land-Taking Cost Cost

Cost Cost Per Year Per Year Per Year

$19,904,000 $1,159,000 $1,083,500 $2,242,500

Quantity
Pumped
Per Year Cost Per

(mg) mg
10,950 $205
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This proposal, due to the large quantity of water involved,
would probably not be considered necessary until further devel-
opment of the District to be served has occurred. At such time,
however, it would be a highly desirable and practical water
source. The final cost of $205 per mg (1967 value) compares
quite favorably with the present national average of $3OO-$350
per mg.

It is inadvisable to consider Poor Meadow Brook as a future
surface source of supply. The contributory watershed does not
appear to be sufficient compared with others in the area being
considered, and, furthermore, the area is used extensively for
ground-water supply at present. It could be considered relative
to further potential ground-water use.

The Plymouth Ponds which have been considered for develop-
ment are Great South Pond and the Billington Sea. These are
outside of the present water district but may be considered as
future water resources for the general area.

Great South Pond is not available for use as it is a part of the
water supply system for the Town of Plymouth.

Billington Sea is a warm-water pond located in Plymouth
(See Fig. 11). Its principal use at present is for fishing. The
water quality is good for water supply purposes. It may be seen
from the data contained in the Appendix, however, that the coli-
form count, although relatively low, is the highest of all the
sources sampled. The water was found to have a decided earthy,
peaty odor and a fairly high iron content.

Billington Sea has a surface area of 269 acres and a maximum
depth of 11 ft. Assuming that the top 7 ft of water is available
for water supply use, there will be a total usable volume of 447
mg. This would provide a safe yield of 2 mgd, based on the New
England Water Works Association curves (Fig. 8).

The contributory drainage area is 3.83 sq miles. Based on Sip
Pond Brook near Winchendon, Massachusetts, as a comparable
drainage area, the maximum allowable draft is approximately 3.0

Poor Meadow Brook

Plymouth Ponds
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mgd, and the required storage for the watershed is approxi-
mately 700 mg.

As this area is being considered as a source of supply independ-
ent of Silver Lake, treatment facilities should be provided. In
this instance, as in the other proposals, to provide a common
basis for comparison, the water is considered as delivered to the
Silver Lake pumping station. The resulting costs of this proposal
updated to 1967 are:

' Construction £

Construction £ Land-Taking Operating
Land-Taking Cost Cost

Cost Per Year Per Year

$1,935,000 $134,000 $104,400

Quantity
Pumped

Total Cost Per Year
Per Year (mg) Per mg

$238,400 730 $327

If this water were distributed to areas closer to Billington Sea,
the costs would be less. The cost of water at the treatment plant
is $277 per million gallons. The high additional cost is for the
8.6 miles of supply line required to reach Silver Lake. The ad-
visability of this as a future source of supply would depend on
the future water needs of those communities in the more im-
mediate area.

Cleveland Pond is located in Ames Nowell State Park in Ab-
ington (See Fig. 12), placing it under the jurisdiction of the
State Department of Natural Resources. It has been determined
from that Department that, at present, no towns have any rights to
its use as a water supply. The pond and immediate area are now
used for recreational purposes, but because of pollution on its
watershed, no swimming is allowed.

The drainage area contributing to the pond is 3.79 sq miles.
The present surface area of the pond is 94 acres and the maximum

Cleveland Pond
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depth is approximately 10-15 ft at the dam and is considerably
shallower in the upstream section. Previous sanitary surveys by
Camp, Dresser & McKee and by others have indicated gross pol-
lution existing in the contributory drainage area. Outlets from
storm drainage systems of subdivisions in Holbrook discharging
into this drainage area contain sewage which has overflowed from
cesspools and septic tanks. This is flushed into the pond during
rainstorms. We are also informed that the effluent from the
Northwest School on Chestnut Street discharges through a sub-
surface sand filter into the upstream end of Cleveland Pond.

The data obtained from the sanitary analyses conducted in May
of this year do not confirm this (See Appendix). This is probably
because of the lack of rainfall and the resulting lack of flushing
of the storm systems. Due to these facts, the low coliform indi-
cations found are not a satisfactory index of pollution in this case.
If samples were taken later in the year, conditions should be con-
siderably worse.

To obtain water of a more satisfactory quality, consideration
has been given to raising the elevation of the pond’s surface 3
ft from its present Elev. 143 to Elev. 146. This could be accom-
plished by installing the stop logs at the existing dam structure.
The pond would then have a surface area of 172 acres; and as-
suming a maximum drawdown of 3 ft (only the additional 3 ft
of storage created to be used for supply), 131 mg of storage
would be available.

The safe yield for a 3-ft drawdown was found to be 0.9 mgd,
based on the NEWWA curves (See Fig. 2). Due to the poor wa-
ter quality, a complete treatment facility will be required. This
would be located in Brockton outside of, but immediately adja-
cent to the State Park boundary. An approximate estimate of
the total cost for this facility, including pumping, would be
$830,000 for a 1.4 mgd plant. Assuming amortization over 20
years at 3 per cent, and delivery through approximately 6,000
ft of 12-in cast-iron main to the existing 24-in Silver Lake supply
line, in Quincy Street, a final 1967 cost of $329 per million
gallons will result. This compares favorably with the present na-
tional average cost of $3OO to $350 per million gallons, but un-
favorably with the present cost for water in this area.
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The possibility of constructing a dam at Court Street on Beav-
er Brook was considered also. A storage area of satisfactory
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size would include Hunts Pond and an undrained swamp. In eith-
er case, a dam of excessive length or considerable excavation
would be required for impoundment. It would be necessary also
to raise the elevation of Groveland and Court Streets. Based on
present information, a dam at this location appears infeasible.
Use could be made of the runoff from the additional sq miles of
drainage area to Hunts Pond, however, by providing sufficient
storage at the pond for a pumping station. Cleveland Pond would
remain as the storage reservoir. The regulated overflow from
the reservoir and the runoff collected from the additional drain-
age area would be pumped to the treatment facility to be located
near Hunts Pond, and discharged to the 24-in Silver Lake supply
line in Quincy Street, as before.

The area studied for a potential source of ground water for
water supply purposes has been restricted for the present to lo-
cations within the Central Plymouth County Water District. Ar-
eas outside of, but contiguous to, the District will be considered
in a future report. Our investigations have been limited to pos-
sible locations which might produce a minimum flow of approxi-
mately 100 gallons per minute of good quality water.

There are towns in the District where we have not made any
independent search of possible ground-water sources. These are
as follows:

GROUND WATER

1. Pembroke The consulting engineering firm of Fay, Spofford & Thorn-
dike is conducting a ground-water study here which is being financed
by the Town of Pembroke. The Town is at present supplied by two
wells which are reported to be rated at 1,200 gpm.

2. Brockton A study was conducted by Camp, Dresser & McKee in 1964
in this area. Recommendations relative to the development of three
potential sites are contained in a report presented to the City of Brock-
ton in June of 1964. These sites are located:
1. Westerly of Thayer Avenue
2. Area of Montello swimming pool
3. Near Dorchester Brook

3. Whitman A study was conducted by Camp, Dresser & McKee in
1964 in this area. Recommendations relative to the development of the
Hobart Meadow site are contained in a report submitted to the Town in
July of 1964.
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Studies have been conducted and well sites located in the Towns
of East Bridgewater and Halifax by the firm of Whitman and
Howard.

Reports by other consulting engineers as well as superficial geol-
ogy maps and other exploratory studies conducted in the area
were used as a basis for arriving at those sites which are recom-
mended for further exploration. The sites chosen are roughly de-
lineated by a blue hatched square on Fig. 13. These are located in:

1. Kingston Area of Hartford and Grove Streets
2. Halifax Area of Elm and Pond Streets
3. East Bridgewater Area of Plymouth and Central Streets
4. Hanson —■ Area of Washington and State Streets, area of Pleasant and

Read Streets
5. Plympton —• Areas near ponds

of water resuroces as stipulated by Chapter 371 of the Acts of srht

The budget previously submitted to the Legislature by the Dis-
trict requests an appropriation of $40,000 for the next fiscal year.
This may be broken down as follows:

Engineering studies inside the District to complete the investi-
gation of water resources as stipulated by Chapter 371 of the
Acts of 1964 510,000
Site exploration work by contractors inside the District (seismic
studies, borings, test wells) 25,000
Studies of water resources and water supply needs in Plymouth
County and areas outside of the District, all as authorized in
the legislation 5,000

Total 540,000

The ground-water exploratory work would be conducted by
others under the supervision of Camp, Dresser & McKee.

The results of the District studies will be of interest to the towns,
such as Hanover, which are adjacent to the Central Plymouth
County Water District. The consulting engineers for the Town
of Hanover, Sanitary Engineering Associates, have indicated
that the town’s present supply, the Pomona well, is capable of
producing approximately 800 gpm but is run at 400 gpm in an
attempt to minimize the very high organic iron content of the
water. A new well field, consisting of two 300 gpm wells now
being built, will supplement the existing supply. The indications
are that this water will also have a high iron content after the
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wells are put into continuous operation. Notwithstanding this
addition to the present system, the supply is considered adequate
for only approximately 5 years. The well explorations which have
been conducted in this area indicate a high iron content in all
the ground water. The only practical means of removing the or-
ganic iron present is a full treatment facility. As this would in-
volve a substantial sum not only for construction but also for
operation, the Town will continue to look for outside sources of
supply.

Avon and Norwell are other towns in the area outside of the
District which are being confronted with the same general type
of problem, and will probably be looking to the District for future
sources of supply.

Senate Bills 615 of 1955, 860 of 1955, and 472 of 1965 were con-
cerned with the extension of the Metropolitan District Commis-
sion Water System to serve Bristol and Plymouth Counties.

Extensive additions to the existing MDC facilities would be
required in order to serve the communities in the Central Plym-
outh County Water District and adjoining areas. The capacity
of the Quabbin Reservoir System would have to be expanded. A
distribution system consisting of a 10-ft diameter aqueduct from
the existing supply line in Marlborough to a 630 mg reservoir
in Canton or Sharon would have to be constructed. The reservoir
would be located on high ground so as to supply the area by grav-
ity. A few sections of some communities would, however, require
booster pumping stations.

The cost of the aforementioned work has been estimated at
about $161,000,000 of which $127,000,000 represents the cost of
the extension to Plymouth and Bristol Counties. These are ap-
proximately 1965 prices. The water resources existing within
the region may be developed for a considerably smaller amount.

A discussion of water resources for communities adjacent to
the ocean is not complete without consideration of desalinization.
There is no magic involved in making fresh water from salt or

POSSIBLE EXTENSION OF MDC WATER DISTRICT

DESALINIZATION



I MaySENATE —No. 847.46

brackish water. Evaporation is a simple but costly process as are
other methods which have been developed. At present, the cost
is many times the national average for providing natural fresh
water.

Recent developments in this field have received wide publicity.
A desalinization plant was recently dismantled near San Diego,
California, and shipped to“ Guantanamo Bay, Cuba. It is capable
of producing somewhat less than 2 mgd by flash evaporation of
sea water under vacuum. A plant at Freeport, Texas, also uses
sea water but a different distillation process. The plants at Ros-
well, New Mexico, and Webster, North Dakota, use other meth-
ods to dasalinize brackish water drawn from underground sourc-
es. All are small plants, and non can economically compare with
the cost of natural fresh water where it is reasonably available.

The use of nuclear energy in this field is receiving active con-
sideration by the Atomic Energy Commission. A nuclear-pow-
ered plant is being planned to serve the 3-million residents of
the Florida Keys. It will be an electrical power station with a gen-
erating capacity of 50,000 KW and a desalinization facility cap-
able of producing 10 mgd at a cost of $BOO per million gallons.
For very large quantities over 100 mgd, some scientists believe
the cost could be brought below $350 per million gallons.

It should be apparent that consideration of this process for
the Central Plymouth County Water District area is not war-
ranted for the foreseeable future. The fresh water resources of
the region are adequate in quantity and quality and cost consid-
erably less delivered to the consumer.

The present largest users in the region are indicated in Table
2 and Fig. 13. It should be noted, however, that present industrial
consumption is a very poor indicator of what the future demand
might be. This region is at present entering into a new develop-
ment stage. The construction of new highways through the region
are the first steps in this new development. Their completion
could result in a rapid expansion of both residential and industrial
development. Such a pattern has been well established in other

GROWTH POTENTIAL



1966.J SENATE —No. 847. 47

regions which have experienced the impact of the location of
such highways.

The predicted population trends indicated in Figs. 14 and 15,
being based upon the present population growth, probably un-
derestimate the region’s potential. The development of the water
supply systems in the region coupled with the availability of
good highway transport should encourage the location of many
cranberrg bog owners to provide for storage of water above their
industries which before had not considered locating in the area.
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POPULATION IN THOUSANDS
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The demand for water has been increasing rapidly even in
those areas where population has remained constant. In some
areas, the amount of water used per capita per day has doubled
in the past 15 years. For this reason and to allow for future ex-
pansion, the existing water resources should be developed to their
maximum capacity. Further ground-water explorations should be
conducted in the hope of finding relatively inexpensive supplies
to meet local requirements. These could be employed to serve
certain industrial processes in local areas, or they may be devel-
oped to the extent of supplying the entire needs of small com-
munities. It becomes a matter of economic consideration as to
which would be preferable, piping in water from a surface supply
(for example, Silver Lake) as opposed to the construction and
maintenance of a local well field.

No accurate records are available of the amount of water used
in the growing of cranberries for frost protection, irrigation, and
insect control. It has been customary, wherever practicable, for
cranberry bog owners to provide for storage of water above their
bogs for these uses. Many bogs lack sufficient storage to meet
necessary requirements even under normal conditions.

As more water resources are developed for public water supply
purposes, water will be diverted from cranberry growing areas.
Compensating water must, therefore, be provided for the cran-
berry industry. Those bogs located above proposed water supply
impoundment dams can maintain their present storage facilities
and, in addition, can receive water from any new water mains
in their proximity. Bogs located downstream of new dams will be
deprived at times of normal flow and must be compensated by
water provided in new water facilities.

Bulletin No. 157, pubished in 1957 by the Massachusetts Depart-
ment of Agriculture, shows that there is a total of 1,234 acres of
cranberry bogs within the limits of the Central Plymouth County
Water District. The areas of cranberry bogs as shown on the 1963
U.S. Geological Survey maps of that area confirm that acreage.

The average annual rainfall in southeastern Massachusetts is
about 43-in which is well distributed throughout the year. Irriga-

WATER NEEDS OF THE CRANBERRY INDUSTRY
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tion needs, equivalent to normal rainfall, then would average about
0.83 of an inch weekly, which is equivalent to 22,500 gallons over
an acre. During years of normal rainfall, it would be expected that
supplementary irrigation would be required for as much as three
weeks during the growing season, from June 15 to September 15.
This would be equivalent to 84 million gallons of water for the
1,234 acres of bogs in the Central Plymouth County Water District.

During drought periods, it is likely that supplementary irrigation
would be required for as much as 9 weeks during the growing sea-
son and the water needs for the 1,234 acres of bogs would amount
to 246 million gallons.

If the extensive cranberry bog areas in the Towns of Carver
and Wareham were to be compensated for irrigation water due to
diversions of water resources from those areas, the amounts of
water needed during the growing season for the 4,574 acres of cran-
berry bogs in those towns would be 312 million gallons in normal
years and 915 million gallons in drought years.

These estimated water needs would be sufficient only for irriga-
tion and minor frost protection during the growing season.

Water for flooding the bogs for winter protection and partial
insect control would be available from November to May by natural
runoff from the watersheds tributary to the bogs, supplemented
by downstream releases during those months from any water
supply diversion works.

Our conclusions and recommendations are described in the
preceding material and summarized in the letter of transmittal.

CONCLUSIONS AND RECOMMENDATIONS
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A
LAWRENCE EXPERIMENT STATION

MASSACHUSETTS DEPARTMENT OF PUBLIC HEALTH PLYMOUTH
WATER ANALYSIS (Milligrams Per Liter)

Collector: T. DEVINE
Source A Jones River Downstream Source D North River
Source B Pine Brook Source ESource E
Source C Howard Brook Source F

Diatoma
Navicula
Dinobryon
Asterionella
Tabellaria
Closterium
Synedra

APPENDIX
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A
LAWRENCE EXPERIMENT STATION

MASSACHUSETTS DEPARTMENT OF PUBLIC HEALTH PLYMOUTH
WATER ANALYSIS (Milligrams Per Liter)

Collector: T. DEVINE
Source A Poor Meadow Brook
Source B Cleveland Pond
Source C Billington Sea
Source D Upper Chandler Pond
Source E Lower Chandler Pond
Source F Jones River Upstream

A B C D E F

Sample No.
~

470532 533 534 535 536 537
Date of Collection 5-25 5-25 5-24 5-24 5-24 5-24
Date of Receipt 5-26-65
Turbidity J 5 _6 4 4 5
Sediment 1 12 11 _1
Color 40

~

65 80 150 110 110
Odor ?V 3 V 4Ep 4V 3V 4V
pH ¥.7 6,6 6.3 5.9 6.0 6.2
Alkalinity—M.O. phth 7 5 3 2 3 4
Hardness 14 22 12 12 16 14
Iron j45 .32 .76 2.2 .90 1.1
Manganese .00 .02 .02 .02 .02 .02
Free Ammonia—N .07 .03 .03 .03 .05 .03
Nitrite—N .000 .000 .000 .000 .000 .000
Nitrate—N 0.1 0.1 0.1 0.2 0.1 0.1
Chloride n. 21. 10. 15. 16. 11.
Fluoride
Phosphate—Total

Ortho
ABS
Bacterial Sample
Date of Receipt
Coliform—MPN

MF
Micro-Amorphous 500 200 1100 700 400 600
Std. Units per ml. 2700 135 2300 325 175 400

Anabaena 1200
Verticella 1500
Nematade 1
Dinobryon 125
Chrysococcus 10
Anuraea 75
Polyartha 100
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B

£1)1 (Coimmnum'altb of fHassarbmn'tto
Department of Public Health

BACTERIAL EXAMINATION OF WATER

Reported May 26, 1965
By Devine

Collected May 25

Received May 25

Bacteria perColiform 100 ml
Sample
Number Membrane

FilterSample from
Multitube MPN

CAMP, DRESSER & McKEE,
18 Tremont St., Boston, Mass.

Cleveland Pond

North River

Jones River Downstream

Jones River Upstream

Upper Chandler Pond

Lower Chandler Pond

Billington Sea

APPENDIX

Howard Brook

Pine Brook

Poor Meadow Brook
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C

MASSACHUSETTS DEPARTMENT OF PUBLIC HEALTH
MICROSCOPICAL EXAMINATION OF WATER

Sample From: PLYMOUTH BILLINGTON SEA

Date of Collection
Laboratory:

Date of Examination; 5-26 Amount Examined: 200
Chemist’s Number: 470534 Biologist’s Number: 168723

Standard Standard Standard
Genera and Units Genera and Units Genera and Units

per c.c. Species per c.c.Species per c.c. Species

ALGAE CHLOROPHYCEAE MASTIGOPHORA
DIATOMACEAE Ankistrodesmus Ceratiura 7
Cyclotella Closterium 50 Chlamydomonas
Asterionella 125 Coelastrum Dinobryon 100
Cymbella Cosmarium Euglena 50
Diatoma Crucigenia Glenodinium

Desmidium MallomonasEpithemia
Dictyosphaerium MonasFragilaria

Melosira Eudorina Peridinium
Hydrodictyon SynuraMeridion

50Trachelomona;Navicula Pandorlna
Pediastrum UroglenopsisStauroneis

Stephanodiscus Protococcus
Surirella
Synedra
Tabellaria

Scenedesmus
Sphaerozosma
Spirogyra 1300

INFUSORIA
Codonella

Staurastrum
Tribonema
Ulothrix Epistylis

Tintinnus
Vorticella

CYANOPHYCEAE
Anabaena
Aphanizomenon
Chroococcus
Clathrocystis
Coelosphaerium
Merismopedium
Microcystis

Volvox
Zygnema

FUNGI
ROTIFERA

Anuraea
Crenothrix
Leptothrix
Molds

200
Asplanchna
Polyarthra
Rotifer

200
150 PROTOZOAOscillatoria

RHIZQPODA
Actinophrys
Amoeba

Synchaeta
Triarthra

Arcella
Difflugia

TOTAL GENERA 10 TOTAL AREAL STANDARD UNITS 2300

SPONGE SPICULES Per c.c.
CRUSTACEA; 2 Bosmina Cyclops Daphnia Diaptomus per c.c.
AMORPHOUS MATTER 1100 Areal Standard Units
TEMPERATURE °F.

COLOR—P. P. M.

TURBIDITY
ODOR—pO: Cold Hot.

REMARKS

APPENDIX
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c
MASSACHUSETTS DEPARTMENT OF PUBLIC HEALTH

MICROSCOPICAL EXAMINATION OF WATER

Sample From:

Date of Examination; 5-26 Amount Examined; 200Date of Collection:
Chemist's Number: 470540 Biologist’s Number 168720Laboratory

Standard Standard Standard
Genera and Units Genera and Units Genera and Units

Species per c.c. Species per c.c. Species per c.c.

ALGAE CHLORQPHY CE AE MASTIGQPHQRA
DIATOMACEAE Ankistrodesmus Ceratium

Asterionella Closterium Chlamydomonas
Cyclotella Coelastrum Dinobryon

Cymbella Cosmarium Euglena

Diatoma Crucigenia Glenodinium
Epithemia Desmidium Mallomonas
Fragilaria Dictyosphaerium Monas
Melosira Eudorina Peridinium
Meridion Hydrodictyon Synura

Navicula 25 Pandorina Trachelomonas
Stauroneis * Pediastrum Uroglenopsis

Stephanodiscus Protococcus
Surirella

”

Scenedesmus
Synedra Sphaerozosma

Tabellaria Spirogyra

Pinnularia 135 Staurastrum INFUSORIA
Tribonema Codonella
Ulothrix Epistylis

CYANQPHYCEAE Volvox Tintinnus
Anabaena Gonatozygon 150 Vorticella
Aphanizomenon
Chroococcus FUNGI
Clathrocystis Crenothrix ROTIFERA
Coelosphaerium Leptothrix Anuraea
Merismopedium Molds Asplanchna
Microcystis Polyarthra

Oscillatoria PROTOZOA Rotifer
RHIZOPODA Synchaeta
Actinophrys Triarthra
Amoeba
Arcella
Difflugia

TOTAL GENERA 3 TOTAL AREAL STANDARD UNITS 310

SPONGE SPICULES Per c c-

CRUSTACEA: 2 Bosmina Cyclops Daphnla Diaptomus Per c,c*

AMORPHOUS MATTER 300
TEMPERATURE °F.
COLOR—P. P. M.
TURBIDITY

HotODOR—pO: Cold
REMARKS

PLYMOUTH HOWARD BROOK
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c
MASSACHUSETTS DEPARTMENT OF PUBLIC HEALTH

MICROSCOPICAL EXAMINATION OF WATER

Sample From PLYMOUTH UPPER CHANDLER POND

Date of Collection

Laboratory:

Date of Examination: 5-26 Amount Examined: 200

Chemist’s Number: 470535 Biologist’s Number: 168724

Standard Standard Standard
Genera and Units Genera and Units Genera and Units

Species per c.c. Species per c.c. Species per c.c.
ALGAE CHLOROPHYCEAE MASTIGOPHORA
DIATOMACEAE Ankistrodesmus Ceratium

Asterionella 75 Closterium Chlamydomonas

DinobryonCoelastrum
Cosmarium

Cyclotella
Cymbella
Diatoma
Epithemia
Fragilaria

Eugler
GlenodiniumCrucigeni

Mallomonas
Monas

Desmidium
Dictyosphaerium

50 EudorinaMelosira
Meridion

Peridinium
SynuraHydrodictyon

Navicula
Staurom

Trachelomonas
Uroglenopsis

Pandorina
Pediastrum

Stephanod:
Surirclla
Synedra

Protococcus
Scenedesmus

80 Sphaerozosma
Tabellaria Spirogyra

Staurastrum 20 INFUSORIA
Tribonema Codonella
Ulothrix Epistylis
Volvox TintinnusCYANOPHYCEAE

Anabaena
Volvox

'gnema Vorticella

RQTIFERA
Anuraea 100

Asplanchna
Polyarthra
Rotifer
Synchaeta

Triarthra

Arcella

TOTAL AREAL STANDARD UNITS 325

CRUSTACEA: Bosmina Cyclops Daphnia Diaptomus per c.c
AMORPHOUS MATTER 700 Areal standard units

Hot

TEMPERATURE °F.
COLOR-P. P. M.
TURBIDITY

ODOR—pO: Cold

REMARKS
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c
MASSACHUSETTS DEPARTMENT OF PUBLIC HEALTH

MICROSCOPICAL EXAMINATION OF WATER

Sample From: PLYMOUTH JONES RIVER - UPSTREAM
Date of Collection: Date of Examination: 5-26-65 Amount Examined: 2(

Chemist’s Number 470537 Biologist’s NumberLaboratory

Standard Standard Standard
Genera and Units Genera and Units Genera and Units

Species per c.c. Species per c.c. Species per c.c.

ALGAE CHLOROPHYCEAE MASTIGOPHORA
DIATOMACEAE Ankistrodesmus Ceratium

Chlamydomon;
Dinobryon

Closterium
Coelastrum
Cosmarium

Glenodinium
Mallomonas

Crucigenia
Epithemia Desmidium
Fragilaria Dictyosphaerium

Melosira Eudorina
Meridion Hydrodictyon
Navicula Pandorina

Pediastrum
Protococcus
Scenedesmus

60 Sphaerozosma
40 Spirogyra

Staurastrum
Tribonema
Ulothrix

CYANOPHYCEAE Volvox
Anabaena Zygnema 300
Aphanizomenon
Chroococcus FUNGI

SPONGE SPICULES Per c.c.
CRUSTACEA: 2 Bosmlna Cyclops Daphnia Diaptomus per cx.

AMORPHOUS MATTER 600 Areal Standard Units
TEMPERATURE °F.
COLOR—P. P. M,
TURBIDITY

HotODOR—pO: Cold
REMARKS

300 Vorticells

Cod onel!a
Epistylis
Tintinnus
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