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CJ)t Commontucaltf) of egagsacfnisettg;

D e p a r t m e n t  o f  P u b l ic  H e a l t h ,
St a t e  H o u s e , B oston  33, December 4, 1963.

Clerk of the House of Representatives, State House, Boston, Massachusetts.

Dear Sir : —  In accordance with the provisions of chapter 95 of 
the Resolves of 1962, I am pleased to file the reports of the Depart
ment of Public Health, together with that of its Consulting Engi
neers, Camp, Dresser and M cKee, relative to a plan for the disposal 
of sewage and other liquid wastes in the valley of the Merrimack 
River.

Very truly yours,

W O R T IIE N  H. T A Y LO R ,
Director, Division of Sanitary Engineering.
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REPORT OF THE! D E P A R T M E N T  OF PU BLIC  H E A LTH  
FOR AN IN V E STIG A TIO N  A N D  S T U D Y  B Y  T H E  
D EPARTM EN T OF PU BLIC H E A L T H  R E L A T IV E  
TO THE PR E PA R A TIO N  OF PLAN S A N D  M A PS FO R 
THE DISPOSAL OF SEW AGE IN  T H E  M E R R IM A C K  
RIVER VALLEY.

D e c e m b e r  4, 1963.

To the Honorable Senate and House of Representatives.

The Department of Public Health, in accordance with the provi
sions of chapter 95 of the Resolves of 1962, herewith respectfully 
submits its report, together with that of its Consulting Engineers, 
Camp, Dresser and M cKee, for an investigation and study relative 
to the disposal of sewage and other liquid wastes in the valley of 
the Merrimack River. Chapter 95 of the Resolves of 1962, provides 
as follows:

Chapter 95.
Resolve providing lor an Investigation and Study by t h e  D epartment of 

Public Health relative to the Preparation of Plans and M aps for the 
Disposal of Sewage in t h e  M errimack R iver Valley.

Resolved, That the department of public health is hereby authorized and directed 
to consider and report a plan for the disposal of sewage and other liquid wastes in 
the valley of the Merrimack river in the cities and towns of Amesbury, Andover, 
Billerica, Chelmsford, Dracut, Groveland, Haverhill, Lawrence, Lowell, Merrimac, 
Methuen, Newburyport, North Andover, Salisbury, Tewksbury, Tyngsborough, 
Westford and West Newbury. In the course of its investigation and study, said 
department shall consider the contents of Senate Document No. 550 of 1947, 
'Report of the Joint Board Established to Investigate and Study, and to Prepare 
Plans and Maps for, the Disposal of Sewage in the Merrimack River Valley” . 
Said department may expend for such purposes, such sums as may be appropriated 
therefor to employ such engineering consultants and other assistants as may be 
necessary to carry out the objectives of this resolve. Said department shall report 
from time to time its findings and recommendations, if any, together with drafts of 
legislation necessary to carry such recommendations into effect, by filing the same 
with the clerk of the house of representatives on or before December fourth, nine
teen hundred and sixty-three.

Approved May 22. 1962.
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The sum of $80,000 was provided under item 2002-27, chapter 
791 of the Acts of 1962, to retain consulting engineering services.

The Joint Board, consisting of the Department of Public Health 
and the Merrimack River Valley Sewerage Board, created by 
chapter 446 of the Acts of 1935, prepared a report consisting of plans 
and maps for the disposal of sewage in the Merrimack River Valley 
under the provisions of chapter 62, Resolves of 1945. That report 
is contained in Senate Docum ent N o. 550 of 1947. The Joint 
Board retained Camp, Dresser and M cKee, Consulting Engineers, 
to prepare the engineering aspects of that report. At that time, 
no city or town on the main stem of the Merrimack River in Massa
chusetts was served by  a sewage treatment plant. The economy 
of the area was largely based on textiles, cotton and wool. Indus
trial wastes with few exceptions were discharged without treatment 
to the Merrimack or its tributaries.

Senate, N o. 550 of 1947 reported on the wastes discharged to the 
Merrimack River in Massachusetts, the quality of the waters of 
the stream and methods available to abate the pollution. It recom
mended the creation of a M errimack River Valley Sewerage District 
for the purpose of constructing, maintaining and operating sewerage 
works in the Merrimack River Valley. It proposed the construction 
of regional sewage treatment facilities to serve the Lowell metro
politan region, the Lawrence metropolitan region, the Haverhill 
metropolitan region, the town of Amesbury, the town of Salisbury, 
and the city of Newburyport at an estimated cost of $27,581,100.

Legislation to create the M errimack River Valley Sewerage Dis
trict- wras enacted as chapter 653 of the Acts of 1947. Section 18 
provided that the Act would be submitted at the biennial state 
election in the year 1948 to the registered voters of the cities of 
Lowell, Lawrence, Haverhill and Newburyport, and the towns of 
Amesbury, Andover, Billerica, Chelmsford, Dracut, Groveland, 
Merrimac, Methuen, Newbury, N orth Andover, Salisbury, Tewks
bury, Tyngsborough and W est Newbury on the ballot to be used 
in said cities and towns, in the form  of the question, “ Shall an act 
passed by  the general court in the year 1947, entitled ‘ An Act Estab
lishing the M errimack River Valley Sewerage District for the pur
pose of constructing, maintaining and operating sewerage works m 
the M errimack River V alley ’ be accepted?” . The vote of the 
voters of the area was strongly in the negative, and thus the act 
became null and void.



1964.] HOUSE —  N o. 3733. 7

The textile industries began to leave New England and the econ
omy of the valley became largely one of electronics, atomic develop
ment, missiles and rockets. In this manner industries having little 
or no liquid industrial wastes replaced the wet textile industries. 
Domestic sewage from municipalities and industry continued to 
discharge (o the Merrimack River. Only the village of North 
Billerica in the town of Billerica, the village of Ballardvale in the 
town of Andover, and Billerica Gardens in Billerica were served by 
sewage treatment plants by  the time of the passage of chapter 95 
of the Resolves of 1962.

Nuisance conditions in the river were observed during periods of 
low flow. The bacterial contamination was sufficient to prevent its 
use for many recreational purposes. The harvesting of shellfish was 
prohibited. The fresh water resources of the valley were inade
quate, and it had been found necessary to take the waters of the 
river for water supply purposes for the city of Lawrence and the 
town of Methuen. Already the city of Lowell was constructing 
filtration works to make safe and potable these waters for its princi
pal source of public supply. The town of Billerica was taking the 
waters of the Concord River, a tributary of the Merrimack, as its 
source of water supply. Additional sources of water supply are 
presently needed for other cities and towns in the valley and the 
most generally available source is the Merrimack River.

The Department of Public Health recognized the need to abate 
the pollution of the river and thus actively supported two proposals 
introduced by Representative Albert H. Zabriskie, M ayor of the 
city of Newburyport. House, No. 2803 provides for the creation of 
a Merrimack River Valley Pollution Abatement District with au
thority to construct, maintain and operate pollution abatement 
facilities in the Merrimack River Valley. The proposal was amended 
and nou is chapter 85, Acts of 1962, to provide a special study com 
mission. House, No. 2572 was enacted to become chapter 95 of the 
Resolves of 1962, authorizing the present study.

The Department of Public Health carefully considered the ex
cellent consultants in the Commonwealth to prepare the consulting 
engineering report authorized by chapter 95 of the Acts of 1962. 
Believing that Camp, Dresser and M cK ee were in a position, by 
reason of its earlier report, to carry out the present study most 
efficiently and expeditiously, that firm was retained. The engineer
ing report is appended and made a part of this report of the 
Department.
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The contract between the Department and the Consulting En
gineers provided that the Consultants should prepare a report in
cluding but not limited to the following items:

1. Review and check of all pertinent data collected for the 1947 
report.

2. Collection and analysis of additional data from local, state and 
Federal agencies, including engineering reports, maps, local sewer 
plans and profiles, available sewer gagings, river discharge data, 
tidal information, analyses of river water, shellfish data, analyses 
of sewage and industrial wastes, data from previous industrial wastes 
surveys, water consumption and population data, etc.

3. Study of municipal sewerage systems, including existing sewer 
plans, location of outlets, sizes and elevations, measurement of 
tributary areas, location of industrial plants and outlets.

4. Gaging and sampling typical main outlet sewers, municipal 
and industrial. Recording gages will be installed in key manholes 
to assist in estimating infiltration, average dry weather flow and 
variations in dry weather flow, and storm water flow.

5. Industrial waste surveys, including measurement and sampling 
of wastes where desirable.

6. Study of population, wrater consumption and industrial wastes 
data, and estimates of present and future sanitary, industrial, in
filtration and storm water flows from all pertinent areas.

7. Stream pollution studies and degree of treatment required. 
Effect on river of various methods of treatment of sanitary sewage 
and industrial wastes, including effect of overflows of sewage during 
periods of rainfall. Recommendations for classification of river.

8. Necessary field surveys and subsurface investigations.
9. Preliminary designs of intercepting sewers, overflows and regu

lators, sewage pumping stations, sewage treatment plants and all 
necessary appurtenant works to  provide adequate sewage and in
dustrial waste disposal for all of the communities listed herein
before. Various alternate plans will be studied to achieve the most 
economical overall plan.

10. Estimates of cost of construction and operation, together with 
recommendations for assessing costs and financing the proposed 
works, taking into account Federal grants which may be available.

11. Preparation of report containing findings and recommenda
tions.

The report will contain suitable maps, plans, graphs and tables.
The Department has co-operated in the present study, opening
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its files of analytical data relative to the industrial wastes and river 
water quality. It has conducted special sampling programs along 
the entire length of the study area and has collected data relative to 
the quality of storm waters discharging to the river.

Since the present study was inaugurated there have been several 
important events. The city of Newburyport had prepared plans 
for the construction of a sewage treatment plant to serve the entire 
sewered area of the city under a non-interest bearing loan from the 
Housing and Home Finance Agency. These plans had been ap
proved by the Department. Newburyport accepted a Federal Grant 
in an amount of 50 per cent of the cost of construction of such works 
under the Accelerated Public W orks program and started construc
tion of treatment facilities, pumping stations and force mains in 
June of this year. The works will provide primary settling, sludge 
digestion and chlorination. The works are scheduled for completion 
early in the summer of 1964.

The town of Billerica has retained consulting engineers to pre
pare plans for the construction of pollution abatement facilities. 
The preliminary report has been approved and construction plans 
are nearing completion. The following municipalities have retained 
consulting engineers to prepare reports and plans relative to pollu
tion abatement; however, in certain instances there have been 
delays in financing:

Westford Methuen
Chelmsford Andover
Lowell North Andover
Dracut Haverhill
Billerica Amesbury
Tewksbury
Lawrence

Salisbury

The Federal Water Pollution Control Law' is embodied in Public 
Law 660 of the 84th Congress. Section 1 states that the primary 
responsibility for water pollution control rests in the States. There 
are three major provisions:

L Program grants to state and interstate agencies for the ad
ministration of water pollution control programs.

2. Grants-in-aid to States, cities, towns and other governmental 
agencies to assist in the construction of pollution abatement facilities.

3- Federal enforcement of pollution abatement programs under 
certain circumstances on interstate and intrastate streams.

Of particular interest are the grants-in-aid program and the Fed-
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oral enforcement provisions of the act. The appropriations for 
grants-in-aid is $100,000,000 for the fiscal year 1964. Of this 
amount $2,123,850 has been allocated for Massachusetts projects. 
There is authorization for similar appropriations only for the fiscal 
years ending June 30, 1965, 1966 and 1967. Grants-in-aid are 
limited to 30 per cent of the construction cost, or $600,000, which
ever is the lesser, for each project. However, the ceiling is 30 per 
cent or $2,100,000 per regional project for projects serving several 
cities and towns. The estimated cost of the initial phase of the 
proposed pollution abatement projects to serve the Merrimack 
River communities is $94,575,000. Thus, it appears that Federal 
grants-in-aid under P. L. 660 offer relatively small incentive.

M ore recently there has been further assistance in certain in
stances. Under the provisions of the Accelerated Public Works 
program the Federal Government has provided funds, up to 50 per 
cent of construction cost in Massachusetts, to assist cities and 
towns in areas of surplus labor in the construction of public works, 
including pollution abatement facilities. Funds for such purposes 
have been appropriated on two occasions, beginning in 1962. The 
city of Newburyport received advantage of these funds to construct 
its treatment plant and the town of Andover to enlarge its sewerage 
system. Whether or not there will be further appropriations for 
this purpose is not known, but certainly there is no assurance of 
such funds in the future.

The enforcement provisions of P. L. 660 are contained in section 8 
of that act. The Secretary of Health, Education and AVelfare is di
rected to hold a conference of the state and interstate water pollu
tion control agencies and the Public Health Service upon the re
quest of a governor or the water pollution control agency of any 
State, or upon his own volition if he has reason to believe that pol
lution of an interstate stream within one State affects the health 
and welfare of persons within another State. Following such a con
ference the Secretary may make recommendations to the state and 
interstate agencies relative to the abatement of pollution. If prog
ress toward abatement is not believed to be adequate, the Secretary 
may hold a hearing and issue orders. Failure on the part of any 
polluter to com ply may be referred to a Federal Court to consider 
the entire matter and cause compliance if necessary.

A  conference, the first step in the enforcement program, has been 
called by  the Secretary of Health, Education and Welfare on re
quest of Ilis Excellency, Governor Endicott Peabody, relative to
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the pollution of the interstate and intrastate waters of the Merri
mack and Nashua rivers in Massachusetts and New Hampshire. 
This conference will be held in Boston, Massachusetts, on Feb
ruary 11, 1964.

The report of the Consulting Engineers, retained by  the Depart
ment of Public Health, and contained in this report show definitely 
that the Merrimack River in Massachusetts is grossly polluted as a 
result of the discharge of sewage and industrial wastes from many 
sources within the Commonwealth.

Three of the larger cities in the valley in Massachusetts, Lowell, 
Lawrence and Haverhill, are served by  combined sewers. Such 
sewers carry sewage and industrial wastes under normal dry weather 
conditions. During periods of heavy runoff they also carry drainage 
from streets, roofs, cellars and many other sources. The flow in 
such sewers is increased manyfold. T o  carry such combined flows 
to a sewage treatment plant would be impractical; separation of 
either sewage or storm water would be excessively costly in most 
instances. Lhus it is most desirable to intercept the dry weather 
flows and convey them to a treatment plant and permit the flows 
of commingled sewage and storm drainage in excess of interceptor 
capacity to discharge through overflow structures to the river. 
Such combined sewage is heavily polluted and some means of treat
ment must be provided. The cost of providing works for the chlor
ination of storm water overflows in the greater Lowell, Lawrence 
and Haverhill districts is estimated at $46,600,000. The Depart
ment recommends that this portion of the pollution abatement 
program be deferred at the present time.

The sewerage systems of other sewered communities in the valley 
are constructed on the separate plan. Only sewage and industrial 
wastes flow in such sewers, storm drainage being carried off by  a 
system of drains discharging apart from the sewerage system to the
nver. In such instance no provisions need be made for the treatment 
of storm drainage.

The present study indicates that there would be little economic 
benefit to be derived from the creation of a single authority to con- 
s ruC maintain and operate all of the works necessary to abate the 
pollution of the Merrimack River in Massachusetts. Since the city

- ew uryport is so far advanced in its abatement program and 
ecause no equitable basis of cost distribution has been advanced, 

apartment does not recommend the creation of any single 
authority to carry out a pollution abatement program.
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The present studies indicate that sewage treatment facilities 
should be constructed as follow s:

Newburvport
Salisbury
Amesbury
Merrimac
Haverhill District
Haverhill
Groveland
Lawrence District
Lawrence
Andover
Methuen
North Andover
Lowell District
Lowell
Billerica
Chelmsford
Dracut
Tyngsbo rough 
Tewksbury

Westford

Primary treatment with chlorination 
Lagoons or Primary treatment with chlorination 
Primary treatment with chlorination 
Primary treatment with chlorination 
Primary treatment with chlorination 
To District Plant
To District Plant when it provides sewers 
Extended aeration and chlorination

Extended aeration and chlorination 

(See discussion below)

To Lowell District when sewers are provided 
A portion tributary to Merrimack River when sewers are 

provided to Lowell District 
Originally to Lagoons but later possibly to Lowell 

District

The town of Billerica is located on the Concord River, a tributary 
entering the Merrimack River at Lowell. The river is formed at 
Concord by  the confluence of the Assabet and Sudbury rivers. The 
flow of the river is such that there is insufficient dilution for the 
effluent of even the most modern and efficient facilities to treat the 
anticipated sewage and industrial wastes of the communities. Un
der such conditions it will be necessary to provide low flow aug
mentation for increased dilution of the effluent or carry the effluent 
to the Merrimack River. An alternate solution would be to convey 
raw sewage to the site of the proposed Lowell District facilities for 
treatment. However, the town of Billerica is so in need of a sewer
age system at the present time that it appears desirable to proceed 
immediately with a plan to build treatment facilities on the Concord 
River without awaiting construction of works to provide low flow 
augmentation to the Concord River. T o provide sufficient low flow 
augmentation will require the construction of at least two reservoirs. 
One is presently authorized under P. L. 560, the so-called small 
watershed act administered by  the Federal Soils Conservation 
Service and the Division of W ater Resources of the Commonwealth.
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Although authorized and funded it appears that an additional state 
appropriation may be necessary before this particular reservoir of 
the Su-As-Co project is constructed. The second reservoir would 
be constructed by the U. S. Army, Corps of Engineers. N o au
thorization or appropriation is presently available. For these reasons 
the Department recommends that consideration be given by  the 
town of Billerica to discharging its wastes to the proposed Lowell 
District treatment facilities.

The entire matter of administration of the pollution abatement 
program is the subject of a study by  a Special Commission under 
the provisions of chapter 85 of the Resolves of 1962. Recommenda
tions and the draft of legislation to carry the same into effect will be 
presented in that report.

The Department of Public Health acknowledges with apprecia
tion the services of its Consulting Engineers, Camp, Dresser and 
McKee, not only in the preparation of its reports but also for the 
generous assistance to the Department and the Special Commission 
created under the provisions of chapter 85, Resolves of 1962. Es
pecial appreciation is made to its Merrimack River Project En
gineer, Mr. Ernest Leffel.

Respectfully submitted,

DEPARTM ENT OF PUBLIC HEALTH.

Alfred L. Frechette,
Commissioner of Public Health.

Gordon M . Fair, B.S., Dr. Ing.
Paul J. Jakmauh, M .D .
Samuel K ovner.
Ralph Sirianni.
Charles F. W ilinsky, M .D .,

Public Health Council.
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CAMP, DRESSER & McKEE 

Consulting Engineers 
18 T remont Street 

Boston 8, M assachusetts

R E P O R T  ON M E R R IM A C K  R IV E R  POLLUTION 
A B A T E M E N T  IN  MASSACHUSETTS.

Massachusetts Department of Public Health, Boston, Massachusetts.

D ec em ber  3, 1963.

Gentlemen : —  In compliance with the terms of our agreement 
with the Department of Public Health of the Commonwealth of 
Massachusetts, dated August 8, 1962, we have: reviewed, checked 
and supplemented the usable data collected for the 1947 Merrimack 
River Pollution Abatement Study; investigated and determined 
the characteristics and flows of the significant wastewaters dis
charged to the Merrimack River within the study area; investigated 
the present condition of the Merrimack River to determine its 
capacity to receive wastewaters; determined the degree of treat
ment required of wastewaters before their discharge into the Mer
rimack River, including overflows of sewage during periods of 
rainfall; recommended standards for classification of the river; pre
pared preliminary designs of sewage works that will provide the 
treatment required; studied alternate solutions; estimated costs of 
construction and costs of operation and maintenance of the pro
posed sewage works; and recommended methods for administra
tion, financing, and assessment of costs for the proposed sewage 
works.

The municipalities included in the study area are: Amesbury, 
Andover, Billerica, Chelmsford, Dracut, Groveland, Haverhill, 
Lawrence, Lowell, Merrimac, Methuen, Newburyport, North An
dover, Salisbury, Tewksbury, Tyngsborough, Westford and West 
Newbury.

The results of our studies and investigations, together with cost- 
estimates and recommendations, are described in detail in the fol
lowing report and are summarized below.
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Summary.

Our investigations and studies indicate that the Merrimack Paver 
is polluted from the New Hampshire state line down to the Atlantic 
Ocean. The pollution resulting from excessive bacterial counts 
makes any type of recreational use of the river hazardous to the 
public health. This bacterial pollution results almost entirely from 
the discharge of untreated sanitary sewage into the river by  the 
cities and towns in the Merrimack River Valley in New Hampshire 
and Massachusetts.

The pollution resulting from excessive decomposable organic 
matter causes depletion of the oxygen content of the river water 
during dry weather and is sufficient to cause odor nuisances and be 
dangerous to fish life. W e estimate that about 46 per cent of the 
decomposable organic matter, as measured by  the BO D  (biochemical 
oxygen demand), is presently being discharged, untreated, to the 
river from the municipal sewers, and the remaining 54 per cent 
from industrial plants. During the 1947 study it was estimated 
that about 77 per cent of the BOD was being discharged by  in
dustry. In addition to bacterial and organic pollution, the dis
charge of floating solids and grease causes unsightly nuisance con
ditions on the river and its banks.

The existing population in the study area is estimated at about 
390,000, of which about 270,000 are served by  municipal sewers. 
We estimate that by the year 2010, the number of people in the 
study area may increase to about 600,000, with about 480,000 con
nected to municipal sewage works.

About 45 per cent of the sewered population in the study area is 
served by combined sewers. During and following rainstorms, these 
combined sewers carry mixed sewage and storm water to the river. 
Even after construction of the new works proposed herein, over
flows of mixed sewage and storm water to  the river will result from 
rainfall. Although storm water runoff occurs but 5 per cent of the 
year, we estimate that about 30 per cent of the total annual load 
of bacteria and suspended solids and about 10 per cent of the BOD, 
may discharge to the river in the overflows. The bacteria, solids 
and BOD which have settled in the sewers during low flows are 
flushed out during storms. The lower percentage of B O D  may be 
explained by the fact that a portion of the organic matter settled 
in the sewers undergoes decomposition before storm flushings.
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Standards of river quality have been evaluated and recommenda
tions made for classification of the river. W e recommend that the 
dissolved oxygen content in the river water from the New Hamp
shire line to  the ocean be maintained above 4 ppm (parts per 
m illion).

In order to maintain the dissolved oxygen content above 4 ppm 
at Haverhill, it is necessary that no more than 16,000 pounds per 
day of BO D  and a minimum dissolved oxygen content of 5.2 ppm 
be present in the river at the New Hampshire state line, and that 
about 90 per cent of the BO D  be removed from the wastewaters at 
the proposed treatment facilities in Massachusetts, upstream from 
Haverhill. A  BOD removal of about 30 per cent will be sufficient 
at, and downstream from, Haverhill.

W e recommend that a standard for micro-organisms be adopted 
for the M errimack Biver throughout its length in Massachusetts, 
which requires for bathing and recreation adequate chlorination of 
all sanitary sewage to kill viruses, and a coliform M PN (most 
probable number) of less than 1,000 per 100 ml (milliliters). The 
primary reason for a limiting count of 1,000 rather than 2,400 is to 
protect the shellfish-growing areas at Newburyport from residual 
coliform bacteria originating from large upstream cities.

The natural die-off of bacteria in the river must be augmented by 
chlorination of all sanitary sewage, whether or not mixed with storm 
runoff, before the sewage is discharged into the river, if the river is 
to be used for recreational purposes, including swimming, down
stream.

Three alternate plans have been studied for the construction and 
operation of the sewage works required to maintain the standards 
described above.

The first alternative plan, and the one recommended, is for the 
construction and operation of the required sewage works by indi
vidual towns, cities and metropolitan regions. Economic studies 
show that the lowest costs for the required sewage works will result 
from construction of the following treatment facilities: extended 
aeration treatment plants for Billerica, the Lawrence Region 
(Andover, Lawrence, Methuen and North Andover), and the 
Lowell Region (Chelmsford, Dracut. and L ow ell); sewage stabiliza
tion ponds for Salisbury, Tewksbury and W estford; and primary 
treatment plants for Amesbury, Haverhill and Merrimac; along 
with chlorination at each treatment plant and chlorination of the
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overflows at Lowell, Lawrence and Haverhill. The construction of 
a primary treatment plant is already under way at Newburyport. 
We estimate that private disposal facilities will be adequate in West 
Newbury and Tyngsborough for many years in the future, and at 
Groveland until at least the mid-1980’s.

The estimated cost of the recommended initial construction pro
gram, not including chlorination works for chlorinating mixed 
sewage and storm water overflows, is about 94 million dollars. 
The recommended construction program is shown on Fig. A  (ap
pended) .

The chlorination works for storm water overflows in Lowell, 
Lawrence and Haverhill are estimated to cost about 47 million 
dollars. In our judgment, these chlorination works cannot be 
financed reasonably by  the communities involved at the present 
time without very substantial financial assistance. W e therefore 
have not included these chlorination works in the recommended 
initial construction program.

It should be emphasized that the program proposed herein for 
pollution abatement in the Merrimack River requires the chlorina
tion of overflows of mixed sewage and storm water, in addition to 
treatment of the dry-weather flows, and that full recreational use 
of the river cannot be obtained until such treatment of overflows is 
accomplished.

The second alternate plan would involve the construction and 
operation of the same sewage works as described above, but by  a 
Merrimack River Pollution Abatement District, comprised of the 
18 municipalities in the study area. The total estimated cost under 
ideal conditions was found to be slightly less than in the recom
mended plan, but practically no way was found for distribution of 
the costs that would result in a saving for all the municipalities 
forming the District. It would also be impossible, under existing 
laws, to receive as much Federal aid under this plan as under the 
recommended plan.

The third alternate plan would be to construct a trunk sewer 
from Lowell downstream to Newburyport, where the wastewaters 
would be treated before discharge into the ocean. This trunk sewer 
would replace the sewage treatment plants at Billerica, Lowell, 
Lawrence, Haverhill, Merrimac and Amesbury. Newburyport has 
not been included in any of the alternate plans because the city has 
its own sewage treatment plant under construction. The storm
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water overflow chlorination stations would still be required. The 
sewage works incorporating the trunk sewer would be constructed 
and operated by  a Merrimack River Pollution Abatement District. 
The estimated construction cost of this plan is about 180 million 
dollars, exclusive of storm water chlorination stations.

Alternate means of handling the overflows of mixed sewage and 
storm water have been studied. The recommended plan involving 
construction of storm water overflow chlorination stations is esti
mated to be by  far the most economical solution. Other plans 
studied were (1) the complete separation of existing combined 
sewers, and (2) the collection of overflows in “  holding tanks ”  during 
storms, with the subsequent pumping of the held sewage to the 
treatment plants.

It is recommended that municipalities intercept and treat the 
industrial wastes within their boundaries in conjunction with the 
proposed treatment works.

It is recommended that construction costs for the proposed 
sewage works be assessed against the general property tax, and that 
operation costs be paid by those having connections to the sewers, 
on the basis of their water consumption. Using this method of 
assessment, we estimate that the cost per year for an average family 
served by  a sewer would range from about $28 in Westford to about 
$68 in Methuen: and for an average family not served by a sewer, 
from about $12 in W estford to about $46 in Salisbury.
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Chapter I. Introduction.

General.

The sanitary condition of the Merrimack River has been a matter 
of major concern to the Commonwealth of Massachusetts for over 
three quarters of a century.

During this period the General Court has provided for numerous 
studies for which reports were prepared and published as Senate or 
House Documents. A summary of each of these studies and the 
resulting recommendations was presented in the “ Report on the 
Disposal of Sewage in the Merrimack River Valley,” * hereinafter 
called “ The 1947 Report.”  This summary is presented in A p
pendix A.

Other reports containing information relative to the Merrimack 
River Valley have been prepared for the communities and metro
politan regions in the study area. Metropolitan regional reports 
have been prepared for the Central Merrimack Valley Planning 
District, the Massachusetts Transportation Commission, and the 
Greater Boston Economic Study Committee.

In 1947, the New England Interstate W ater Pollution Compact 
was ratified by the Legislatures of Connecticut, Massachusetts and 
Rhode Island. Maine, New Hampshire, New Y ork and Vermont 
subsequently ratified the Compact. The objective of the Compact 
was to co-ordinate the water pollution control activities on the in
terstate rivers and lakes. Each State has pledged to provide for 
the abatement of existing pollution and the control of future pollu
tion of interstate inland and tidal waters. The Commission formed 
to administer the Compact has sponsored over twenty research proj
ects on pollution control on which detailed reports have been pre
pared.

In 1954, a study by federal agencies was organized by direction of 
the President of the United States for the purpose of making a com 
prehensive survey of the land, water and related resources of the 
New England-New York region. The study group was called the 
New England-New York Inter-Agency Committee (N E N Y IA C ). 
The 500 page volume concerning the Merrimack River forms Chap
ter 15 of the technical report. Section V  of chapter 15, entitled

Author Thomas K. Camp, Consulting Engineer, now Senior Partner of Camp, Dresser & McKee.
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Pollution Control,’ presented “ an inventory of the causes and 
sources of pollution of the water resources, the effects of pollution 
on present water conditions and pollution prevention measures in 
effect.”  Three provisional plans were presented which defined the 
pollution control measures recommended in the basin to permit dif
ferent maximum usage of the water resources.

In 1958, the Public Health Service of the U. S. Department of 
Health, Education and Welfare published a national inventory of 
Municipal and Industrial Waste Facilities. This inventory lists” the 
sewerage systems and the sewage treatment works existing in 1957 
in the Merrimack River Basin in Volume 1 —  PHS Publication 622.

Chapter 53 of the Resolves of 1960 authorized the Massachusetts 
Department of Public Health to make a study and investigation of 
the Merrimack River from the New Hampshire line to the Paw
tucket Dam  in Lowell. The sources of pollution in this stretch of 
the river were described and located in the ensuing report which 
was published as House Document 2927 of 1961.

Chapter 95 of the Resolves of 1962 authorized the Massachusetts 
Department of Public Health to emplojr engineering consultants to 
“ consider and report a plan for the disposal of sewage and other 
liquid wastes in the valley of the Merrimack R iver” . Communities 
designated by the General Court of Massachusetts for inclusion in 
this study are Amesbury, Andover, Billerica, Chelmsford, Dracut, 
Groveland, Haverhill, Lawrence, Lowell, Merrimac, Methuen, 
Newburvport, North Andover, Salisbury, Tewksbury, Tyngs- 
borough, IVestford and W est Newbury. The area to be studied 
is shown on Fig. 1. The Department employed the firm of Camp, 
Dresser & M cK ee as engineering consultants to prepare the report 
directed in the resolve. The report is presented herein.

Conditions Changed Since 1946.

In 1946 there were a large number of cotton and wool textile mills 
and other wet processing industries that discharged organic pollut
ants untreated into the Merrimack River. M any of these industries 
have left the area and have been replaced to some extent by dry 
processing industries which do not produce liquid wastes. As a 
result, the organic pollution by industries has decreased about 70 
per cent. During the same period, there has been an increase in 
organic pollution from domestic sewage in the area.
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The sewered population in the study area has remained about 
the same since 1946. There has been a decrease in the sewered 
population in Haverhill, Lawrence and Lowell which has been ap
proximately equalled by an increase in sewered population in the 
neighboring communities. New sewers have been built in these 
neighboring communities, thus increasing the mileage of sewers in 
the study area. There has been an increase of infiltration resulting 
from this enlargement of the sewer system and deterioration of exist
ing sewers since 1946. Infiltration is ground water that has entered 
sewers through joints and cracks in sewers and manholes.

The per capita household consumption of water has increased 
about 2 per cent a year since 1946, largely as a result of greater use 
of water by household appliances. This increase in water con
sumption has resulted in turn in an increase in the per capita dis
charge of domestic sewage of about 35 per cent since 1946. Gagings 
of flows in sewers during this study indicate that the total increase 
since 1946 in domestic sewage flows from both greater infiltration 
and greater water consumption amounts to about 50 per cent in 
the study area.

During the last decade, there has also been an increasing awareness 
of waterborne diseases and infections from bacteria and viruses. 
Some of these could be removed from sewage and kept out of water
ways. The Merrimack River is continually being used to a larger 
degree for municipal water supplies and for recreational purposes. 
The river water carrying untreated sewage and other wastes is an 
increasing menace to the public health. Conditions in the river in 
the form of odorous sludge deposits and unsightly floating materials 
have decreased along the Merrimack, but are still present in sufficient 
amounts to he considered a public nuisance.

There has also been a growing awareness of the pollution caused 
by combined sewer systems from which only the dry weather sewage 
flow is intercepted for treatment. During storms, the surface run
off, mixed with sewage, overflows into the stream with attendant 
periodic pollution.

bites for the Lawrence and Haverhill regional treatment plants 
and some stretches along the interceptors recommended in the 1947 
Report have been appropriated for other uses.

During the period since the 1947 Report, there have been many 
at ditional improvements in the design of sewerage and sewage treat
ment facilities. Sewage treatment plants designed in accordance 
"ith present practice will cost considerably less at today ’s construe-
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tion costs than the treatment plants contemplated in the 1947 
Report.

The cost of construction of sewerage and sewage treatment works 
in 1963 is approximately 2.7 times the 1946 costs because of increases 
in prices and wage rates.

Purpose of This Study.

The contract for engineering services between the Massachusetts 
Department of Public Health and Camp, Dresser & McKee, dated 
August 8, 1962, listed the purposes of the study. These include: 
(1) to consider the 1947 Report and to review, check and supple
ment all of the usable 1947 data; (2) to investigate and determine 
the characteristics and flows of all wastewaters in the study area; 
(3) to investigate the present condition of the Merrimack River and 
to determine its capacity to receive wastewaters; (4) to determine 
the degree of treatment of wastes required before discharge into the 
waters of the Merrimack River; (5) to prepare preliminary designs 
of sewage works that will provide the treatment required, taking 
into consideration the alternate solutions available; (6) to esti
mate costs of construction and costs of operation and maintenance; 
and (7) to recommend methods of administration, financing and 
assessment of costs.

In the Massachusetts portion of the Basin, existing sewage treat
ment facilities serve sewered areas outside the study area. These 
treatment facilities in most cases are old and need to be improved 
and expanded. Some large industries, the wastes of which are dis
charged into the streams with little, if any treatment, are located 
in this part of Massachusetts. Extensive studies are under way 
by both the industries and the Massachusetts Department of Public 
Health to determine the treatment works which are required. Fig. 6 
shows the sewerage systems and the treatment facilities for both 
sewage and industrial wastes in the Merrimack River Basin.
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Chapter II. Description of Watershed.

Topography and Climate.

The Merrimack River Basin, shown on Fig. 1, extends from the 
White Mountain region of New Hampshire southward into Massa
chusetts, where it turns easterly to the Atlantic. It has a natural 
drainage area of about 5,010 sq miles, of which about 1,210 sq 
miles are in Massachusetts. An area of about 211 sq miles has been 
diverted from the watershed for water supply in M etropolitan 
Boston and Worcester. The eighteen Massachusetts communities 
in the study area straddle the lower 50 miles of the river and have 
an area of about 340 sq miles. The limits of the study area are 
shown on Fig. 1.

The Merrimack River is formed at the confluence of the Pemige- 
wasset and Winnipesaukee Rivers near Franklin, New Hampshire. 
The Merrimack River has a total length of 116 miles, the lower 22 
miles of which are tidal. The mean range of tide at the mouth is 
7.9 ft and at Haverhill is 5.1 ft. The river descends a total of 254 
ft at a generally uniform slope throughout its length as is shown 
in Fig. 2.

There is a large variation in the climate in the basin, depending 
on the proximity to the coast, the elevation, and the latitude, with 
the inland northern areas experiencing greater depths of snow and 
extremes of cold. The average annual precipitation is about 46-in 
in the northern half of the basin, and about 41-in in the southern 
half. The average annual runoff from the watershed is about 
1.5 cfs (cubic feet per second) per sq mile, or about 21-in per year. 
This average annual runoff varies from about 30-in to 40-in in the 
extreme north, to less than 18-in near the coast.

River Flows.

The Merrimack River flows recorded at the U.S.G.S. (United 
States Geological Survey) gaging station at Lowell, Massachusetts, 
have varied from a maximum flow of 166,000 cfs on M arch 20, 1936, 
to a minimum 24-hour average flow of 199 cfs on September 23, 
1923. The second largest flow at Lowell occurred in September of 
1938, and was 115,700 cfs. The probable flood discharge frequency, 
or recurrence interval, for floods at Lowell, developed from the



30 HOUSE — No. 3733. [June

N E N Y IA C  Report, is shown on Fig. 3. The 1936 flood would 
have a probable average recurrence interval of from 500 to 700 
years, while the 1938 flood would have a probable average recur
rence interval of from 70 to 90 years if no regulation of flows by 
reservoirs were in effect.

Fig. 4 shows a flow duration curve for the Merrimack River. 
The curve was based on a study made by the U.S.G.S. on a 37- 
year record of stream flow data at the gaging station below the Con
cord River, at Lowell, Massachusetts. Further studies made by 
the U.S.G.S. of the 7 and 15 consecutive days of least flow in any 
year are summarized in Table 1. The lowest average flow of all 
15-day periods of least flow occurred in 1957 and was 768 cfs. In 
all other years of record, the lowest average discharge for 15 con
secutive days exceeded 1,000 cfs. In 2 years of record, the lowest 
average discharge for 7 consecutive days was less than 1,000 cfs, 
989 cfs in 1930, and 729 cfs in 1957. We have adopted 1,000 cfs 
as the critical low flow. From Fig. 4, it may be seen that during 
4.2 per cent of the time, or about 15 days a year, the flow was less 
than this amount. These low flows occur primarily on week ends 
when the mills are not operating and are storing water behind the 
Pawtucket Dam  at Lowell.

Flood Stages.

There are a number of reservoirs in the Merrimack River Basin 
and others have been proposed. The principal reservoirs are shown 
on Fig. 2, and their usable storage capacity is presented in Table 2. 
Three large flood control dams have been constructed since 1946. 
They are the Edward M cDowell, the Hopkinton and the Everett, 
dams which were put in operation in 1950, 1961 and 1962, respec
tively.

According to studies made by the Corps of Engineers, regulation 
of runoff by  using all the flood control facilities now in operation 
would reduce the runoff in the Merrimack River resulting from a 
storm equal to the 1936 storm, to about the peak flows of the 1938 
flood. The high water profiles reached by  the 1936 and 1938 floods 
in passing through Massachusetts are shown on Fig. 5.

The Corps of Engineers has calculated what they term the 
“ Standard Project F lood.”  After making hydrologic studies to de
termine the maximum flood-producing potentialities of the basin, a 
storm and resulting flood which would be exceeded only on rare
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occasions were developed. These were designated the Standard 
Project Storm and Standard Project Flood. The Standard Proj
ect Flood without flood flow regulation at the U.S.G.S. gaging sta
tion below Lowell would be 212,000 cfs, compared to the actual 
flood of 166,000 cfs during the maximum flood of record, the 1936 
flood. The Standard Project Flood, modified by the effect of flood 
flow regulation, is termed the M odified Standard Project Flood. 
High water levels for the Modified Standard Project Flood and the 
Modified 1936 Flood for critical points along the river are shown on 
Fig. 5.

T a b l e  1. — Lowest Mean Discharge for Seven and Fifteen Consecutive Days in 
Year beginning April 1 at Merrimack River, below Concord River, 
at Lowell, Massachusetts ( U.S.G.S. Station 1-1000).

(Flow in CFS.)

Y e a r .

Seven
Consecutive

Days.

Fifteen
Consecutive

Days.

1924 ............................................................................................................................................................. 1 ,4 6 0 1 ,4 9 0

1925 ............................................................................................................................................................. 1 .2 3 0 1 ,3 1 0

1926 ............................................................................................................................................................. 1 ,3 3 0 1 ,4 2 0

1927 ............................................................................................................................................................. 2 ,2 2 0 2 ,3 2 0

1928 ................................................................................................................................................ 2 ,9 0 0 3 ,0 3 0

1929 ................................................................................................................................... 1 ,2 4 0 1 ,4 0 0

1930 ..................................................................................................................... 9 8 9 1 ,0 5 0

1 9 3 1 ........................................................................................................ 1 ,3 4 0 1 ,6 7 0

1932 ................................................................; 1 ,3 4 0 1 ,3 7 0

1933 ..........................................................................................
1 ,5 8 0 1 ,6 1 0

1934 .............................................................................
1 ,1 1 0 1 ,2 5 0

1935 .............................................................................
1 ,6 2 0 1 ,6 3 0

1936 . 1 ,5 4 0 1 ,5 0 0

1937 . ...................................................
1 ,5 9 0 1 ,6 8 0

1938 ...................................................
3 ,0 3 0 3 ,3 5 0

1939 • 1 ,4 2 0 1 ,5 2 0
1.940 .

1 ,5 2 0 1 ,5 3 0
1941

1 ,0 1 0 1 ,0 2 0
1942 .

1 ,5 3 0 1 ,6 7 0
1943 . . .

1 ,6 1 0 1 ,7 9 0
1944 .

1 ,4 7 0 1 ,5 7 0
1945 .

2 ,1 3 0 2 ,4 4 0
1946 .

2 ,0 8 0 2 ,3 3 0
1947 .

1 ,0 9 0 1 ,0 6 0
1948 .

1 ,0 4 0 1 ,0 9 0
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ABLE l. — Lowest Mean Discharge for Seven and Fifteen Consecutive Days in 
Year beginning April 1 at Merrimack River, below Concord River 
at Lowell, Massachusetts (U.S.G.S. Station 1-1000)— Concluded.'

______________ _____ ___________  (Flow in CFS.)

Y e a r .

S e v e n
Consecutive

Days.
Fifteen

Consecutive
Days.

1 9 4 9  .
--------------------------------

1 ,2 3 0 1 ,230
1 9 5 0  ...............................................................................................

1 ,0 9 0 1 ,080
1 9 5 1 ...............................................................................................

3 ,2 5 0 3 ,3 0 0
1 9 5 2  ............................................................................................................

1 ,4 2 0 1,390

1 9 5 3  .........................................................................................................................
1 ,0 9 0 1,170

1 9 5 4  .........................................................................................................................
2 ,0 4 0 2 ,170

1 9 5 5  ......................................................................................................................... 1 ,3 4 0 1 ,530

1 9 5 0 ....................................................................................................................................... 1 ,4 5 0 1,500

1 9 5 7  .................................................................................................................................................... 7 2 9 768

1 9 5 8  ................................................................................................................................................................. 1 ,4 4 0 1,470

1 9 5 9  ................................................................................................................................................................. 1 ,2 8 0 1,510

1 9 6 0  ................................................................................................................................................................. 1 ,4 3 0 1,540

1 9 6 1  . . . . 1 ,4 3 0 1,510

T able 2. —  Principal Reservoirs in the Merrimack River Basin.

N a m e . Purpose.

Usable Capacity 
in Million 

Cubic Feet.*

Blackwater R e s e r v o i r ............................................. Flood Control 2,004

Edward McDowell R e s e r v o i r .................................... Flood Control 558

Everett R e s e r v o i r ...................................................... Flood Control 3,815

Franklin Falls R e s e r v o i r ............................................. Flood Control 6,708

Hopkinton R eserv o ir ...................................................... Flood Control 3,084

Lake W entw orth ............................................................... Power and Recreation 854

Lake W innipesauk ee...................................................... Power and Recreation 7,210

Massabesic L a k e ............................................................... Water Supply 724

Merrymeeting L a k e ...................................................... Power and Recreation 368

Newfound L a k e ............................................................... Power and Recreation 1,115

Squam L a k e ............................................................... Power and Recreation 2,004

Tower Hill P o n d ............................................................................................... Water Supply and Power 182

Essex Company Reservoir * * .................................... Power 120

Pawtucket Reservoir * * ............................................. Power 250

Sudbury R e s e r v o i r ...................................................... Water Supply 802

Wachusetts Reservoir ............................................ Water Supply 7,486

Jackman R e s e r v o i r ..................................................... Power and Recreation 380

♦ From N EN YIAC Report except for those marked ** for which the data were secured from Senate Docu
ment No. 280 of 1918.
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The modified 1936 flood levels have been used in preparing the 
preliminary designs and plans presented in a later portion of this 
report.

Low-Flow Augmentation.
It is during periods of low flow that most nuisance conditions are 

caused by organic pollution. Wastewaters containing organic pol
lutants are diluted when they are discharged into rivers, and this 
dilution lessens the public nuisance created by  the decomposition 
of the organic wastes. As explained in the 1947 Report it would be 
uneconomical to augment the low water flows to the point where 
the dilution of the sewage discharge is sufficient to reduce the amount 
of sewage treatment required. The portion of the 1947 Report 
referring to dilution is presented in Appendix B.

United States Public Law 87-88 provides a means of utilizing 
part of the storage facilities of Federal flood control reservoirs for 
low-flow augmentation under certain conditions. Included in the 
law is the statement: “ In planning any reservoir, the Corps of 
Engineers . . . , shall give consideration to inclusion of storage for 
regulation of stream flow for the purpose of water quality control, 
except that such storage and water release shall not be provided as 
a substitute for adequate treatment or other methods of controlling 
waste at the source.”

It is increasingly uneconomical today to  try to treat sewage by 
increasing dilution through low-flow augmentation. Flood control 
reservoirs are emptied after each flood passes and are of little as
sistance in augmenting low flows. The latest flood control reservoirs 
in the Merrimack River Basin, located on the most advantageous 
sites available, cost about $3,200 per million cubic feet of storage. 
To increase the low flows to about 4,500 cfs which would be neces
sary to decrease the treatment required at Lowell and at Lawrence, 
would cost over 45 million dollars. The savings in treatment works 
required would amount to less than 3.5 million dollars.

The Massachusetts W ater Resources Commission has started a 
program to augment the low flows in the Concord River Basin. 
However, the losses during low flows resulting from farmers irrigat
ing crops, and evaporation from the stream surface, have not yet 
been established. Nor has legislation been passed authorizing the 
construction of the second impounding reservoir near Billerica. In 
1957 the minimum 1-day flow at Billerica was about 3 mgd and 
the minimum 7-day flow was about 10 mgd. About 12 mgd,
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with a BOD of less than 3 ppm, is required at Billerica, upstream 
from the treated sewage outlet point, in order to prevent nuisance 
conditions from occurring downstream at Lowell.

1 he town of Billerica has prepared final plans for the construction 
of an 0.8 mgd extended aeration treatment plant in the coming year. 
It is recommended that no additional construction beyond the 0.8 
mgd plant be authorized in Billerica until a low-flow augmentation 
plan for the Concord River at Billerica has been completed and the 
necessary Congressional and Legislative action also has been com
pleted. A t that time the capacity of the river to absorb treated 
sewage from Billerica, without causing a nuisance downstream in 
Lowell, can be determined and the possible expansion of the pro
posed initial treatment works determined.

As previously pointed out, the construction of low-flow augmenta
tion works for the Merrimack River cannot be justified economically. 
However, it may be desirable, after the works proposed herein are 
constructed, to consider low-flow augmentation on week ends and 
holidays by  releasing water from the existing power dams in Lowell 
and Lawrence. Such augmentation would not reduce the cost of 
the required treatment facilities. It would, however, serve to in
crease the low week-end flows to the point where mud flats and 
bottom  growths would not be exposed.

Before any changes in the existing low water flows in the Merri
mack River by  regulation of power dams in Lowell and Lawrence 
are programmed, the effect of the change on the water rights now 
owned by  water users must be evaluated. The two largest water 
rights owners on the Merrimack River in the study area are the 
Locks and Canal Company, which has the Pawtucket Dam at 
Lowell, and the Essex Company, with its dam at Lawrence. A 
“ Report on the W ater Resources of the Commonwealth of Massa
chusetts,”  which was published as Senate Document No. 289 in 
1918, contains information regarding these water rights.

A  minimum average low water flow of 1,390 cfs in the Merrimack 
River is required to meet the water rights used to supply industrial 
power requirements by  the Essex Company over the working period 
each week, so when the Merrimack River flows are less than 1,390 
cfs, all water can be stored by  the company behind the dam when 
the industries are not working. During the low-flow periods, little 
water is in the river immediately below the Lawrence and Lowell 
dams on Sundays and holidays. Increasing the week-end and holi
day flow by preventing the storage of water above the Essex Com-
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pany and Pawtucket Dams would deprive the water rights’ owners 
of water legally theirs, and therefore, such water rights would have 
to be purchased. N o allowance for the cost of such purchase of water 
rights has been made in this report.

Existing Pollution.
The Lawrence Experiment Station was one of the early leaders 

in the United States in the development of methods for treating 
sewage. Yet half a century after this pioneering work was started 
at this location, the neighboring communities along the Merrimack 
River in the study area still do not treat their sewage before dis
charging it into the Merrimack River.

In the U. S. Public Health Service 1957 Inventory of Municipal 
and Industrial Waste Facilities, it was reported that about 587,000 
people were served by sewerage facilities in the Merrimack River 
Basin, with about 394,000 in Massachusetts and about 193,000 in 
New Hampshire.
‘ Sufficient sewage treatment facilities had been built prior to 1957 
to serve about 16,000 of the 193,000 sewered population in the New 
Hampshire portion of the Basin. Since 1957, additional sewage 
treatment works have been constructed in that State by  Derry, 
Goffstown, Hillsboro, Jaffrey, Nashua, Plymouth and Salem. The 
larger population centers in the river valley in New Hampshire such 
as Manchester and Concord, have prepared comprehensive plans 
to develop sewage treatment facilities.

In the Massachusetts portion of the Basin, existing sewage treat
ment facilities serve sewered areas outside the study area. These 
treatment facilities in most cases are old and need to be improved 
and expanded. Some large industries, the wastes of which are dis
charged into the streams with little, if any treatment, are located 
in this part of Massachusetts. Extensive studies are under way by 
both the industries and the Massachusetts Department of Public 
Health to determine the treatment works which are required. Fig. 6 
shows the municipalities having sewerage systems and the munic
ipalities having sewerage and treatment facilities in the Merrimack 
River Basin.
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Chapter III. Volume and Characteristics of Sewage.

General.

In order to evaluate the requirements for a sewage disposal sys
tem, it is necessary to estimate the future rates of sewage flow in 
the study area. Sewage is any wastewater that contains sanitary 
sewage in combination with any discharge of wastes from homes, 
farms, industries, businesses, institutions, etc., together with such 
ground, surface, and storm water as cannot be kept out of sanitary 
sewage systems. Sanitary sewage flows may be estimated from pop
ulation and water consumption trends and land use regulations. 
Rates of infiltration may be estimated by gaging the flows in exist
ing sewers. Industrial waste flows have been estimated from data 
obtained in industrial surveys and gagings. The amount of storm 
runoff in combined sewers may be estimated from rainfall records, 
and is limited by  the capacity of the combined sewerage system.

Sewage flow varies from day to day and seasonally throughout the 
year. The adequacy of a sewerage system is based upon its ability 
to  carry all of the sewage throughout the year at the required rate. 
Because of (a) the magnitude, (b) the long life, and (c) the high cost 
and difficulty of modifications of buried pipes and other works re
quired to collect sewage, sewers have been designed with capacities 
for about 50 years in the future, or until the year 2010, for this 
project.

Pumping stations and treatment facilities may be built to serve 
for a design period of from 15 to 25 years; provided, that these 
facilities are designed in such a manner that they can be economi
cally expanded to care for the demands of about 50 years. For 
example, pumping station structures are usually designed to accom
modate the peak future flows and equipped with pumping facilities 
required for 15 to 25 years. Specific design bases for recommended 
sewage works are presented hereinafter with the description of the 
proposed works.

Population Trends.

Studies of the United States Census and Massachusetts Decen
nial Census records were made to determine past population trends 
for each of the 18 communities of the Merrimack River Valley in
cluded in this study. In projecting present populations through the 
design period, no single method has been used. Each community



1964.] HOUSE —  N o. 3733. 37

has been considered separately and as a part of a region. Estimates 
have been based upon prior local and regional population studies, 
together with available data on present and future land use and 
future planning. Forecasts used in this study of future population 
trends have also considered the effects of the following special 
factors:

1. Development of the Interstate Highway network, and re
sultant changes in location and growth patterns of businesses and 
population.

2. Changes in the manufacturing base of the valley which has 
been generally away from textile to non-textile based industries, 
such as missiles and electronics.

3. The steadily increasing use of the automobile as a means of 
transportation, replacing railroads and buses and resulting in rapidly 
growing suburban areas.

4. Reorientation of several communities in the valley, away from 
Lowell, Lawrence and Haverhill, toward greater Boston.

5. Urban redevelopment projects, with their tendencies to reduce 
population densities in cities.

6. Abatement of pollution in the Merrimack River and the con
sequent improvement and increased use of riverfront property.

Factors which are difficult to consider in forecasting but which, 
nevertheless, may greatly alter the future population trends adopted 
in this study are:

1. The effect of increasing automation in industry.
2. The effect of possible future national economic ties with the 

European Common Market, and increased international compe
tition in industry.

3. New types of industries resulting from the rapidly increasing 
technological knowledge which will probably develop within the 
next several decades.

4. Future effects of the cold war on industries.
5. The effect of mass transportation experiments now under way.
6. Changing habits and standards of living, due primarily to mass 

communications media.
7. The effects of possible depressions or inflation on the national 

economy.
Although forecasts of future population must be made in a study 

of this sort, it must be realized that their reliability decreases as the 
period of forecast is increased. M oreover, the reliability is usually 
greater for larger than for small populations. Therefore forecasts
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of population distribution are less reliable than forecasts of total 
population. Future growth may be heavy in one area, while there 
may be little growth or even a loss in others. The projected rate of 
growth used herein for the study area is in close agreement with 
projections made by  the U. S. Census Bureau, the Greater Boston 
Econom ic Study Committee, the Massachusetts Transportation 
Commission, and the Central Merrimack Valley Planning District.

The U. S. Bureau of the Census in 1960 prepared census tracts for 
larger localities, such as the Lowell and the Lawrence-Haverhill 
"standard metropolitan statistical areas” . Population densities of 
the census tracts were computed from the Census Bureau data and 
densities of the various areas tributary to existing sewer outlets 
were obtained by  proportioning the census tract densities within 
each tributary area. Future densities of areas expected to be sewered 
by  the year 2010 were estimated, using existing or proposed zoning 
regulations and recent planning and sewerage studies. Future den
sities in the smaller communities studied have been based generally 
on existing densities in built-up areas. In those smaller towns for 
which recent detailed studies of population are available, such 
studies were given consideration in making our projections.

A  summary of existing and projected population by regions, cities 
and towns in the study area is shown on Table 3.

Since the 1947 Report was submitted, there has been relatively 
little change in the sewmrage or sewage disposal facilities in the 
study area. The present status of population growth and of existing 
sewerage in each city, town and metropolitan region in the study 
area is described hereinafter in this Chapter.

The Massachusetts Department of Commerce has prepared mono
graphs on each town and city in the study area. These mono
graphs summarize information on the community, such as its 
history, topography, population, housing, business and industry, 
employment, finance, education, transportation, planning and 
utilities.

Population Served by Sewers.

The present and future sewrered populations of cities and towns 
having existing sewerage systems were estimated, utilizing popu
lation studies in conjunction with maps showing land use and sewer
age systems. From these maps, the boundaries of sewered areas 
tributary to existing outlets were determined. The sewered popula-
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T able 3. — Population Trends in the Study Area.

R e o i o n , C i t y  o h  T o w n .

1 9 6 3  P o p u l a t i o n  
E s t i m a t e s .

P r o j e c t e d  
P o p u l a t i o n s ,  2 0 1 0 .

Total. Sewered. Total. Sewered.

Amesbury.............................................................. 1 0 ,5 0 0 7 ,2 0 0 j  1 4 ,0 0 0 1 1 ,0 0 0

A n d o v e r .............................................................. 1 7 ,0 0 0 1 3 ,0 0 0 3 4 ,0 0 0 3 2 ,0 0 0

B il le r i c a .............................................................. 2 0 ,0 0 0 1 ,0 0 0 4 8 ,0 0 0 3 5 ,0 0 0

Chelmsford.............................................................. 1 7 ,5 0 0 - 4 0 ,0 0 0 2 2 ,0 0 0

D r a c u t .............................................................. 1 5 ,0 0 0 1 ,0 0 0 2 7 ,0 0 0 2 0 ,0 0 0

Qroveland.............................................................. 4 ,0 0 0 - 1 1 ,5 0 0 7 ,0 0 0

Ilavorh ill.............................................................. 4 7 ,0 0 0 4 4 ,0 0 0 7 4 ,0 0 0 6 6 ,7 0 0

Law ronco.............................................................. 7 0 ,0 0 0 7 0 ,0 0 0 6 8 ,0 0 0 6 8 ,0 0 0

L o w e l l .............................................................. 9 1 ,8 0 0 9 0 ,0 0 0 9 4 ,0 0 0 9 2 ,0 0 0

M errim ac.............................................................. 3 ,5 0 0 - 7 ,0 0 0 6 ,0 0 0

M e th u e n .............................................................. 3 0 ,0 0 0 1 7 ,0 0 0 4 5 ,0 0 0 4 0 ,0 0 0

N ew b u ryp ort...................................................... 1 4 ,3 0 0 1 4 ,0 0 0 1 7 ,5 0 0 1 6 ,0 0 0

North A n d o v e r ..................................................... 1 2 ,0 0 0 9 ,0 0 0 3 6 ,0 0 0 3 0 ,0 0 0

S alisbury.............................................................. 6 ,0 0 0 2 ,5 0 0 1 1 ,0 0 0 9 ,0 0 0

Tewksbury.............................................................. 1 7 ,5 0 0 - 3 8 ,0 0 0 1 6 ,5 0 0

Tyngsborough..................................................... 3 ,8 0 0 - 9 ,0 0 0 -
W e stfo rd .............................................................. 6 ,5 0 0 - 2 4 ,0 0 0 1 0 ,0 0 0

West N e w b u ry ..................................................... 2 ,0 0 0 - 5 ,0 0 0 -
T o t a l s .............................................................. 3 8 8 .4 0 0 2 6 8 ,7 0 0 6 0 3 ,0 0 0 4 8 1 ,2 0 0

M e t r o p o l i t a n  R e g i o n .

Haverhill Region 5 1 ,0 0 0 4 4 ,0 0 0 8 5 ,5 0 0 7 3 ,7 0 0
(Qroveland and Haverhill)

Lawrence Region 129,000 1 0 9 ,0 0 0 1 8 3 ,0 0 0 1 7 0 ,0 0 0
(Andover, Lawrence, Methuen 
and N. Andover)

Lowell Region 1 2 4 ,3 0 0 9 1 ,0 0 0 1 6 1 ,0 0 0 1 3 2 ,0 0 0
(Chelmsford, Dracut and Lowell)

T o t a l s .............................................................. 3 0 4 ,3 0 0 2 4 4 ,0 0 0 4 2 9 ,5 0 0 3 7 5 ,7 0 0

toon is the product of the tributary area and the density of popula
tion in existing or future sewered areas.

It- has been assumed that, for the duration of the design period, all 
areas zoned for single-family residential lots of one acre or larger 
will not be sewered. Currently developed areas zoned for more than 
one house per acre outside of sewered portions of cities and towns 
are expected to be 100 per cent sewered before the year 2010. Areas 
containing undeveloped land suitable for building and zoned for 
residential lot sizes up to one acre, and located within reasonable 
distance of existing or proposed sewers, were considered to be par
tially sewered by  the year 2010.





/
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The towns of Chelmsford, Groveland, Merrimac, Tewksbury, 
Tyngsborough, W estford and West Newbury did not have mu
nicipal sewerage systems at the time of our study. Private sewage 
disposal facilities should be adequate in Tyngsborough and West 
Newbury for many years in the future, and in Groveland for some 
time. The towns of Chelmsford, Merrimac, Tewksbury and West- 
ford were assumed to have sewerage systems in their built-up areas 
by  1970, and it was further assumed that the sewage flow would 
be discharged to the sewage works proposed in this report.

The estimated present and future sewered populations in the 
study area also are summarized in Table 3. The sewered population 
trends for individual communities and metropolitan regions are 
shown on Figs. 7 to 24.

W ater Consumption and Sanitary Sewage Flow.

The water consumption of a community is an indication of the 
amount of sanitary sewage production, and is often more easily 
obtained than sanitary sewage flow. Municipal ■water consumption 
figures and records of sewmge flows in the same community provided 
a base for determining the sanitary sewage flow. However, few 
records of sewage flow have been made in the study area while all 
the communities for which sewage works are recommended in the 
study area have maintained records of water consumption. The 
water consumption figures used in this report included the mu
nicipal water consumption and a negligible amount of industrial 
wastewaters.

Sanitary sewage was estimated as a per cent of this water con
sumption and represents the spent water from domestic and sanitary 
conveniences that is discharged into the sewerage system and in
cludes a negligible amount of industrial wastewater. Sanitary sew
age, as defined for use in this report, does not include infiltration, 
storm water runoff, or wastewater from wet-process industries, each 
of which is considered hereinafter.

The average daily water consumption is defined as the total con
sumption for a year, divided by  the number of days in the year. 
The average per capita consumption is equal to the average daily 
consumption, divided by  the population served. Average per capita 
consumption trends for the communities studied are shown on Figs. 
7 to 21. Using the most recent average per capita water consump
tion as the base figure, future per capita water consumption figures



1964.] HOUSE —  N o. 3733. 41

for the average day were determined by  assuming that there will 
be an increase in per capita water use of between 1 and 3 per cent 
per year. A rate of increase of 2 per cent is the approximate average 
for the whole United States, as determined from the U. S. Depart
ment of Commerce data for the past 10 years. This per capita in
crease is the result of the greater use of water-consuming facilities, 
such as air conditioners, lawn sprinklers, washing machines, gar
bage disposals, dishwashers and swimming pools. The markets for 
these items are continuing to expand, and all signs point to a con
tinuing increase in average per capita consumption for an indefinite 
period of time.

Based on the results of our sewage flow gagings, we have adopted 
for design the following percentages of per capita sanitary sewage 
flow to per capita water consumption: Haverhill, 90 per cent; 
Lawrence, 95 per cent; Lowell, 95 per cent. For the remaining 
communities, we have adopted lower percentages, since significant 
portions of the population, particularly those in outlying areas, have 
greater opportunities for lawn watering.

Population and Sanitary Sewage Flow Projections for 
Individual Communities.

A graph has been prepared for each city and town upon which is 
shown the estimated trends in population, sewered population, per 
capita water consumption and per capita sanitary sewage flow. A 
brief description of these trends for each community follows with 
the related figure number of the graph shown in parentheses beside 
the community name.

Amesbury (See Fig. 71.

Amesbury’s population is expected to increase, particularly after 
the completion of Interstate Highway 495 which probably will stimu
late the growth of the town. The cleanup of the Merrimack River 
is also expected to increase the use of waterfront property for 
summer cottages and recreational purposes. The town of Amesbury 
has a municipal water system, and a municipal sewerage system 
which serves approximately 7,200 persons.

Andover (See Fig. 8).

Andover is a rapidly growing town with good highway connec
tions to the neighboring metropolitan and industrial centers. This



42 H O U S E  — N o .  3733. [June

growth trend is expected to continue. The town has a municipal 
water system, and a municipal sewerage system which serves ap
proximately 13,000 persons.

B illerica  (See Fig. 9).
Although Billerica has several large and many small industries 

it is largely residential in nature. It has experienced a rapid rate of 
growth of suburban type homes. It has a good highway system con
necting it to the Lowell, the Highway 128, and the Boston industrial 
and commercial centers. The town has a municipal water system. 
There are three local sewerage systems serving a total of about 1,000 
persons.

C helm sford  (See Fig. 10).
The town of Chelmsford has an excellent system of express high

ways which connect it to the neighboring metropolitan areas. It is 
located in rolling wooded country and has a nucleus of fine suburban 
homes. As a result, it is expanding rapidly and is expected to con
tinue this expansion. The town is supplied with water by the 
Chelmsford W ater District and the North Chelmsford Water Dis
trict. The town does not have a municipal sewerage system.

D racut (See Fig. 11).
The town of Dracut, which is located to the north and to the 

northeast of the city of Lowell, has an expanding residential area. 
The population growth is expected to continue steadily through the 
design period. Dracut has a municipal water supply system. The 
town has a sewerage system, serving less than 10 per cent of its 
population, which discharges into Beaver Brook and into the Lowell 
sewerage system.

Groveland  (See Fig. 12).
The town of Groveland is located outside of the new interstate 

and express highway system and has a relatively slow growth. It is 
primarily a residential town, with practically no industry. It is 
expected to continue a slow rate of growth throughout the design 
period. The town has a municipal water distribution system and 
purchases water from Haverhill. There is no municipal sewerage 
system.

H averhill (See Fig. 13).
Haverhill’s population is expected to increase substantially over 

the next 50 years. There is much good land for development
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within the city limits, and there is a large supply of skilled labor 
available in the area, both expected to attract additional industry. 
Haverhill has a municipal water supply, and a municipal sewerage 
system, serving about 44,000 persons.

Lawrence (See Fig. 14).
The city of Lawrence has been steadily decreasing in population 

over the last 40 years, resulting largely from the large movement 
of the textile industry from the area. This decrease in population is 
expected to continue but at a lessened rate until about the 1980’s 
when the urban renewal program, industrial park development, and 
interstate highway systems are expected to start a new population 
increase. Lawrence forms the center of a metropolitan area which 
includes Andover, Methuen and North Andover. The city area is 
almost completely built up, so new home construction in the region 
is taking place almost entirely in the neighboring towns. Lawrence 
has a municipal water system, and a municipal sewerage system 
serving about 70,000 persons.

Lowell (See Fig. 15).
The city of Lowell, like Lawrence, has experienced a loss of textile 

industry and, since 1920, has had a steady population decrease, 
which is expected to continue until the 1980’s. A t about that time 
it is probable that the improvements in the city, the growth of in
dustry, and the excellent expressway system will create an expan
sion in Lowell’s economy and population. The city is almost com 
pletely built up so that most new homes in the area are being built 
in the neighboring towns. Lowell is expected to remain the business 
and industrial center of this metropolitan region. Lowell has a 
municipal water system, and a municipal sewerage system serving 
about 90,000 persons.

Merrimac (See Fig. 16).
Merrimac is a suburban town with practically no industry. Since 

the war, its population has shown a slow but steady increase. When 
the river pollution is decreased, it is expected that the river-front 
property will increase in use for recreational and tourist purposes. 
This, with the completion of Interstate Highway 495, is expected 
to aid the population increase, which probably will continue, pos
sibly at an accelerated rate toward the end of the century. The 
town of Merrimac has a municipal water system but does not have 
a municipal sewerage system.
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M eth uen  (See Fig. 17).

The town of Methuen spreads to the northwest, north and north
east of Lawrence. It has built-up sections contiguous to Lawrence 
and also along the Merrimack Liver, upstream and downstream 
from Lawrence. The town has a steadily increasing population, 
and with the completion of the new highway system through and 
to the town, this steady expansion is expected to continue. Methuen 
has a municipal water distribution system but buys its water from 
Lawrence. The town has a municipal sewerage system serving about 
16,000 persons.

N ew bu ryport (See Fig. 18).
The city of Newburyport has had a static population pattern 

since 1910. However, with the improvements which are planned 
in the area and the better highway facilities which have been con
structed and are being constructed, it is expected that Newburyport 
will have a steady, slow increase in population over the design period. 
Newburyport has a municipal water supply system, and a municipal 
sewerage system, serving about 14,000 persons.

N orth  A ndover (See Fig. 19).
The town of North Andover has a rapidly expanding economy. It 

is located to the southeast of Lawrence and has a fine system of 
highways through the town which lead to the neighboring areas. 
There has been a sharp increase in population in recent years which 
is expected to continue throughout the design period. North An
dover has a municipal water supply system, and a municipal sewer
age system which serves about 9,000 persons.

S alisbu ry  (See Fig. 20).
The town of Salisbury has two urbanized areas, Salisbury Center 

and Salisbury Beach. M ost of the residents of the Center live there 
throughout the year. Salisbury Beach, however, has a large influx 
of temporary residents in the summer to  add to the small permanent 
population. The southern portion of Salisbury Beach is controlled 
and operated by  the State. Both the permanent and the summer 
population of the town are expected to increase steadily through the 
design period. Salisbury has a private water system, operated by 
the Salisbury W ater Company. Salisbury Beach has a private 
sewerage system, also operated by  the Salisbury Water Company, 
serving about 2,500 persons in the summer.
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Tewksbury (See Fig. 21).
The town of Tewksbury experienced a rapid rate of growth during 

the 1950’s. The present rate of growth is somewhat less, due to 
more restrictive zoning laws. However, because of Tewksbury’s 
advantageous location and accessibility from neighboring metro
politan areas, its population is expected to continue increasing 
steadily through the design period. The town of Tewksbury has a 
municipal water supply but does not have a municipal sewerage 
system.

Tyngsborough (See Fig. 22).

The town of Tyngsborough is located at the upstream end of the 
study area, next to the New Hampshire State Line. It is almost 
completely rural or suburban in nature and has no significant in
dustry. It is expected to increase in population slowly through the 
design period because of its location on U. S. Highway 3 between 
Nashua and Lowell. One portion of Tyngsborough, near Chelms
ford, receives water from the North Chelmsford W ater District. A  
second portion of Tyngsborough, near M ascopic Lake, receives water 
from the Dracut water supply system. Otherwise, the town does 
not have a public water supply system. The town does not have 
a municipal sewerage system.

Westford (See Fig. 23).

The town of Westford, although small, has four urbanized centers: 
Forge Village, Graniteville, Nabnasset Pond and W estford Center. 
A few smaller industries are located along the branch of the Boston 
and Maine Railroad which parallels Stony Brook. The town, how
ever, is largely suburban in nature and is expected to remain so. 
Since it is crossed by  Interstate Highway 495 and other good high
ways and it has much rolling, wooded, undeveloped area, its popu
lation is expected to steadily increase through the design period. 
The town is served by  a municipal water supply system but does 
not have a municipal sewerage system.

West N ewbury (See Fig. 24).

The town of W est Newbury does not have a developed urban area. 
The population of the town is largely rural or located on large 
suburban lots. W hen the pollution of the river has been abated, it 
is expected that the Merrimack River riverfront property will re
ceive an increased usage for recreational and tourist purposes. It
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does not have any major highways or industries. The town has a 
municipal water system to distribute Haverhill water. The Haver- 
lull water reaches West Newbury through Groveland’s water system. 
The town does not have a municipal sewerage system.

H averhill M etropolitan  R egion  (See Fig. 25).

The Haverhill M etropolitan Region includes the city of Haverhill 
and the town of Groveland. The industrial and commercial center 
of Haverhill straddles the Merrimack River and is surrounded on all 
sides except the southeast by  undeveloped land within the city 
boundaries. The small urbanized portion of Groveland is located 
to the southeast and adjacent to a built-up section of Haverhill.

L aw rence M etropolitan  R egion  (See Fig. 26).

The Lawrence Metropolitan Region includes Lawrence and the 
towns of Andover, Methuen and North Andover. Although the 
population of Lawrence is expected to remain about the same for the 
next half century, the population of the three towns will probably 
increase about 2 l/ i times in the same period. Because of this un
balanced population increase, the ratio of the population served 
by  sewers in Lawrence to that in the entire metropolitan region is 
expected to decrease from about 65 per cent to about 40 per cent 
during the design period. The smallest town is expected to have 
about 16 per cent of the sewered population in the metropolitan 
region at the end of the 50 years.

L ow ell M etropolitan  R eg ion  (See Fig. 27).

The Lowell Metropolitan Region includes Lowell and the towns of 
Dracut, Chelmsford, Billerica, Tewksbury and Tyngsborough. Only 
the city of Lowell and the towns of Dracut and Chelmsford are in
cluded in the proposed Lowell Regional Sewrage Works, for reasons 
given in Chapter V II. Over 95 per cent of the population of the 
Lowell Metropolitan Region that is now sewered resides in Lowell. 
A t the end of fifty years, even though the Lowell population is ex
pected to remain about the same, it is estimated that the sewered 
population of Lowell will be about 63 per cent of the total in a Lowell 
Regional Sewage Works.

The Study A rea  (See Fig. 28).
The population of the study area, which includes the eighteen 

cities and towns covered in this investigation, has been steadily
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increasing since 1950 despite a drop in population of the core cities. 
The population served by sewers is increasing and by 2010 it is 
expected that about half a million people will be connected to mu
nicipal sewerage systems in the study area.

Fluctuations in Rate of Flow of Sanitary Sewage.

The average daily flow of sanitary sewage in any one year is the 
total flow for the year divided by the number of days in the year. 
The flow on any one day will be greater or less than tins average, 
and there is one day in each year on which the 24-hour flow is a 
maximum and another day on which the 24-hour flow is a minimum. 
Moreover, the flow fluctuates throughout each 24-hour day, such 
that there is a peak flow and a minimum flow on each day. The re
lation of sanitary sewage discharges on maximum and minimum 
days to the average daily discharge for the year is shown on Fig. 29.

Ratios of maximum 24-hour water consumption to the average 
daily consumption in recent years were plotted for a number of 
Massachusetts communities. These ratios are represented by  tri
angles on Fig. 29. Crosses on the same figure represent the average 
ratio of maximum 24-hour water consumption to the average daily 
consumption for the years 1952 through 1961 for cities and towns 
within the Merrimack River Valley. Only those cities and towns 
within the valley for which reliable records are available on maxi
mum 24-hour consumption have been used in the latter plot.

Not all of the water consumed by a community enters the sewers, 
especially in highly residential areas where there is sprinkling of 
lawns, etc. This might be expected to account for a substantial 
part of the maximum 24-hour consumption which occurred during 
the summer months. In order, therefore, to arrive at a true estimate 
of the ratio of maximum 24-hour sewage discharge to the average 
daily discharge, we have plotted such ratios from recent records of a 
number of sewage treatment plants. These plotted data are repre
sented by squares on Fig. 29. Estimated infiltration was subtracted 
from these flows before the ratios were calculated. The pattern of 
these plotted discharges shows a similar relation between sewage dis
charge and water consumption ratios. A  straight line has been 
drawn through the upper spread of plots representing the ratio of 
maximum 24-hour sewage discharge to the average daily discharge, 
the latter being represented by a horizontal line at ratio 1.0.
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Because of the inadequacy of records showing the relation of 
minimum 24-hour water consumption and sanitary sewage dis
charge to  the average daily consumption and discharge respectively, 
we have assumed this relation to be equal to the ratio of maximum 
24-hour discharge to the average daily discharge and have thus 
plotted the straight line on Fig. 29 representing the ratio of the 
minimum 24-hour discharge to the average daily discharge. The 
limited data available for minimum discharge are from gagings in 
the South M etropolitan Sewerage District (M D C ). They have been 
plotted as X ’s and tend to confirm the curve.

The two sets of data described above and labeled “ maximum 24- 
h our”  and “ minimum 24-hour”  on Fig. 29 represent the ratio of 
the average discharge on the maximum and minimum 24-hour 
periods of the year to the average daily discharge of the year. On 
any day of the year there is a variation from the average such that 
there is a peak and a minimum discharge for that day. The vari
ation in discharge throughout any day of the year is assumed to be 
approximately constant, however, even though the average dis
charge varies on each da3u W e have, therefore, used the results 
of sewer gagings in Lowell, Lawrence, Andover and 2 other New 
England towns to arrive at the ratio of the peak discharge on the 
maximum day and the extreme minimum discharge on the minimum 
day to the average flows on these respective days. The results of 
these ratios are plotted as circles on Fig. 29. Straight lines repre
senting the peak discharge on the maximum day and the extreme 
minimum discharge, respectively, have been drawn from these 
results.

A  different presentation of the same data is shown on Fig. 30. 
Curves have been plotted here, giving a direct relationship between 
average daily flow in mgd and the minimum, maximum, and peak 
flows in mgd.

Ground W ater Infiltration.

In designing new sewers and in computing the total flow to be ex
pected from areas already sewered, allowances must be made for 
seepage of ground water into the sewers from the surrounding soil. 
This infiltration varies with the type and tightness of construction, 
age of sewer, the ground water elevation, and the permeability of 
the surrounding soil. It varies somewhat from season to season as 
the ground water table rises and falls, and is influenced by  freezing
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of the moisture in the soil. It is lowest following a prolonged dry 
period in the summer or during a deep freeze in the winter. Ground 
water infiltration may be expressed in gpad (gallons per acre per 
day), or gpmd (gallons per mile of sewer per day). For purposes of 
this study, the area relationship (gpad) has been used, so that es
timates could be readily made for areas which do not as yet have a 
sewerage system. The sewer gagings conducted in Lowell and Law
rence for this study give a measure of ground water infiltration in 
those areas under the conditions existing during the gaging period. 
The gagings were made during the month of October, 1962. The 
infiltration on each day of gaging was assumed to be 80 per cent of 
the minimum dry weather flow on that day. A portion of the sewers 
tributary to each gaging point are of the combined type carrying 
sanitary sewage and surface waters from storm runoff. The period 
of gaging was comparatively dry, and corrections were made for 
storm water during the wet spells. Consequently, it is compara
tively safe to assume that the minimum daily flows recorded, after 
necessary corrections for storm runoff, were made up entirely of 
minimum daily dry weather discharge and ground water infiltration.

The average daily infiltration during the gaging period was found 
to be 3,010 gpad in Lowell and 3,050 gpad in Lawrence. The area 
values are equivalent to about 38,500 gpmd in Lowell and 36,500 
gpmd m Lawrence. On the basis of these results and those of past 
infiltration studies made on similar sewerage systems in other New 
England towns, we have adopted the figure of 3,000 gpad for average 
infiltration into the existing sewers in the Merrimack Valley. Lower 
infiltration rates may be readily obtained in new sewers by  using 
modern joint techniques during construction. We have adopted
the figure of 1,500 gpad for average infiltration into the proposed
new sewers.

Table 4 presents the infiltration rates adopted for design 
age and treatment facilities in this study.

of sewer-

T able  4 .-Estim ated Ground Water Infiltration Used for Design. 

INFILTRATION.

I tem.

Existing Sewers . 
New Sewers

(In gpad.)

Minimum. Average.

2’000 3,000
1,000 !,500

Maximum 
and Peak.

4,000
2,500
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Characteristics of Pollution.

The com m only used characteristics of wastewater or polluted re
ceiving waters which indicate the degree of pollution are the bac
terial content, the BOD (biochemical oxygen demand), and the 
content of suspended and dissolved solids. The methods used to 
determine these and other characteristics are described in “ Standard 
M ethods for the Examination of W ater and W astewater”  by the 
American Public Health Association.

Sanitary sewage, or the liquid discharges from the sanitary and 
domestic conveniences of dwellings, public buildings or industries, 
contains the waste products of man’s life processes, including disease- 
causing organisms or pathogens. The best evidence of recent fecal 
pollution is the presence of coliform bacteria whose normal habitat 
is the lower intestines of warm-blooded animals. A bout 100 to 400 
billion coliform bacteria are excreted daily per person. These bac
teria die off at about the same rate as pathogenic bacteria and 
therefore are measured as the indicator of pollution that is dangerous 
to  the public health. The count of coliform bacteria is expressed 
in M P N  (most probable number) per 100 ml (milliliters). Normal 
municipal sewage in dry weather contains about 50 to 300 million 
coliforms per 100 ml.

The amount of decomposable organic matter present is indicated 
by  the B O D . The BO D  of wastewater or polluted water is the 
amount of oxygen consumed in the presence of an ample supply of 
dissolved oxygen during microscopic life processes, principally of 
bacteria, during the decomposition of the organic matter in the 
wastewater. The standard analysis, referred to as the 5-day 20° C 
BOD, is the determination of the loss of dissolved oxygen in a sample 
kept at 20° C over a 5-day period. Other periods and temperatures 
may be used.

W e have estimated that the average 5-day 20° C BO D  of the 
sewage in the study area is about 0.17 lbs per person per day at the 
present time and will be about 0.20 lbs per person per day in 2010. 
The B O D  of the industrial wastes from large industries was deter
mined from samples collected in the Industrial Wastes Survey de
scribed below.

Large suspended solids easily settle in quiescent stretches of 
streams and form sludge banks. Fine suspended and dissolved solids 
may be converted by bacterial action to settleable solids and form
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additional sludge banks. The organic matter in such sludge banks 
undergoes anaerobic (without dissolved oxygen present) decom po
sition with the release of BO D  to the stream, and the possible produc
tion of foul odors. Solids in wastewaters are measured in terms of 
ppm (parts per million), which is the ratio of one unit weight of the 
solid to one million unit weights of the liquid. For sizing sludge 
filtering equipment, it was estimated that the per capita suspended 
solids content of sanitary sewage is now about 0.17 lbs per day and 
is expected to be about 0.20 lbs per day in 2010. The solids content 
of the industrial wastes from large industries was determined from 
samples collected in the Industrial Wastes Survey described below.

Industrial Wastes Survey of 1962.

The results of the industrial wastes survey are summarized in 
Table 5 (as to various processes) and Table 6 (as to region and city 
or town). A comparison of the results found in the 1962 survey 
with the results of a similar survey in 1946 indicates a reduction in 
the total discharge of industrial wastes from 4S.68 m gd in the 1946 
survey to 19.40 mgd in the 1962 survey, or a reduction of about 
60 per cent. The BOD decreased from 187,700 lbs per day to 
48,580 lbs per day, or approximately 75 per cent in the same period. 
A comparison of the wastes from each of the industries surveyed in 
1946 and 1962 gives an indication of the reason for such drastic 
changes. The wool scouring mills contributed 50,832 lbs of BO D  
per day in 1946, and 17,255 ppd (pounds per day) in 1962. This 
represents a 66 per cent decrease and accounts for about 24 per cent 
of the total BOD reduction of industrial waste between 1946 and 
1962. Part of this reduction can be attributed to mills leaving the 
area or going out of business. There has also been an increased effort 
on the part of the wool scouring mills to reclaim grease from the 
waste, the grease having been reduced from 147,416 lbs per day in 
1946 to 13,035 m 1962 or by 91 per cent. This practice has served 
to reduce the BOD load and should be continued and im proved upon 
by mills now practicing it, and required at mills which do not have a 
grease reclamation program.

As shown m Table 5 under the general heading of “ Textiles”  
mills which were washing, dyeing and finishing wool and cotton 
gray goods produced a total BOD load of 104, 144 ppd in 1916 
compared with 6,460 ppd BOD in 1962. This represents a reduc-
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tion in B O D  since 1946 of 94 per cent and accounts for about 70 
per cent of the total reduction in BO D  in industrial wastes between 
the 1946 and 1962 surveys.

Tanneries have shown a 57 per cent decrease in BOD, discharging 
9,560 ppd in 1946 as compared with 4,080 ppd in the recent survey, 
while the paper industry has had an increase in BOD load from 
5,118 ppd in 1946 to 15,865 ppd in 1962.

In summary, the reduction in BO D  from industry between 1946 
and 1962 can be largely attributed to the decline in the textile and 
wool scouring industries. In 1946 the BO D  from the textile and 
wool scouring industries amounted to about 83 per cent of the total 
industrial BOD discharged, whereas present conditions indicate that 
only 49 per cent of the BO D  load may be assigned to these industries. 
Paper mills have increased in importance as sources of pollution and 
at present contribute approximately 33 per cent of the BOD.

The sources of pollution from industry as to location on the Merri
mack River are given in Table 6. The Lawrence region, which in
cludes Lawrence, Methuen, Andover and North Andover, had in
dustry which contributed 68 per cent of the total BOD load in 1946, 
and in 1962, 48 per cent. The Lowell region discharged 24 per cent 
of the B O D  in 1946, and 28 per cent in 1962. (BOD from Billerica 
industry has been added to the Lowell region here to make possible 
a comparison with the 1946 report which included Billerica.) The 
amount of industrial B O D  from Haverhill, 9,870 ppd in 1962, has 
not changed appreciably from 1946, when it was 8,847 ppd. This is 
an increase for Haverhill from 5 per cent to  20 per cent of the total 
industrial BOD. This is due mainly to  reduction in industry in the 
Lowell and Lawrence regions, while Haverhill industrial waste dis
charges have remained relatively unchanged.

The flows recorded in the first columns of Tables 5 and 6 represent 
the total amount of wastewater discharged from an industry in 24 
hours. In other words, if a particular industry were operating for 
8 hours and discharging liquid waste for that period, the total waste 
from the plant for 24 hours would be the 8-hour flow. In the design 
of waste treatment facilities, the maximum flow rate, i .e ., flow dur
ing the 8 hours, would have to be considered, which would neces
sitate multiplying the 8-hour flow by 3 to obtain the maximum 
daily  flow rate. B y similar reasoning, industries producing wastes 
for between 8 and 24 hours per day would have their respective 
flows multiplied by  factors ranging from 3.0 to 1.0 to arrive at maxi
mum daily flow rates.
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Peak flow rates are of importance in designing sewers to pick up 
the industrial wastes. Here we can make no general statement as 
to a particular factor to apply to the total discharge so as to arrive 
at a peak rate. Each industry operation and gaging record had to 
be consulted to determine the peak flow rate. Peak flow rates varied 
from industry to industry, as did the time they could occur, but the 
possibility of peak flows from a group of industries relatively close 
together, being served by  a common sewer under design consider
ation, could not be discarded.

The estimated maximum and peak flow rates of industrial wastes 
to each of the proposed treatment works are listed in Chapter V II.

For treatment plant design purposes, it has been assumed that the 
industrial BOD will increase in the future at the same rate as the 
sanitary sewage BOD for each plant. For design purposes, allow
ances have been made for increases in flow of industrial wastes in 
the future.
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T able 5. — Total Volume and Strength of Industrial Wastes from Various Type Industries.
(1962 Survey.)

T y p e  o f  I n d u s t r y .

Total
Daily

Discharge
(mgd).

P o u n d s  P e r  D a y . P e r  C e n t  o f  T o t a l .

BOD. Suspended
Solids.

Volatile
Suspended

Solids.
Grease. Alkalinity. 1 Discharge. BOD. Suspended

Solids. Grease.

Dairies and Milk P rodu cts .................................... 0.10 200 80 80 40 - 0.52 0.41 0.12 0.29

Textiles (Including washing and finishing) 2.68 6,460 2,030 1,805 910 2,220 13.81 13.30 2.96 6.51

Food P r o d u c t s ...................................................... 0.14 1,305 435 395 - 180 0.72 2.68 0.63 0

Hat M a n u fa c tu r in g ............................................. 0.06 190 40 40 - - 0.31 0.39 0.06 0

Meat P r o d u c t s ...................................................... 0.04 840 185 170 - 25 0.21 1.73 0.27 0

Paper M il ls ............................................................... 11.81 15,865 33,255 23,490 - 3,870 60.88 32.66 48.51 0

Plating Wastes (Including wastes from electronic 
i n d u s t r i e s ) ...................................................... 0.77 325 450 280 - 300 3.97 0.67 0.66 0

Rendering W o r k s ............................................. 0.03 1,880 900 795 - 125 0.15 3.87 1.31 0

T a n n e r ie s ............................................................... 0.28 4,080 4,305 1,750 20 2,330 1.45 8.40 6.28 0.14

Wool S c o u r i n g ....................................................... 2.82 17,255 26,320 18,785 13,035 5,355 14.51 35.52 38.38 93.06

0.67 180 560 60 - - 3.47 0.37 0.82 0

19.40 48,580 68,560 47,650 14,005 14,405 100.00 100.00 100.00 100.00
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T a b l e  6 .  —  In d u s t r ia l  W a s te s  fo r  E a c h  R e g io n .  

(1962 S u rv e y ).

Total
Discharge

(mgd.)

T o t a l  P o u n d s  P e r  D a y . P e r  C e n t o f  T o t a l .

R e g i o n  a n d  C i t y  o r  T o w n . I BOD. Suspended
Solids.

Volatile
Suspended

Solids.
Grease. Alkalinity. Total

Discharge. BOD. Suspended
Solids. Grease.

1. Lowell Metropolitan Region:
C h elm sford ...................................................... 0.43 7,140 8,545 6,855 5,495 1,025 3.71 14.70 12.46 39.25Dracut ................................................................ 0.10 145 0 0 0 0 0.59 0.30 0 0L o w e l l ................................................................ 1.12 2,755 1,365 1,270 465 1,000 6.58 5.68 1.99 3.32

Subtotal....................................................... 1.65 10,040 9,910 8,125 5,960 2,025 10.88 20.68 14.45 42.57Billerica................................................................ 1.12 3,520 1,220 1,060 0 560 6.57 7.25 1.78 0
T o t a l ....................................................... 2.77 13,560 11,130 9,185 5,960 2,585 17.45 27.93 16.23 42.57

2. T e w k s b u r y ....................................................... 0.04 230 255 205 150 290 0.23 0.46 0.37 1.07
3. Lawrence Metropolitan Region:

A n d o v e r ....................................................... 0.24 510 190 165 0 25 1.41 1.05 0.28L a w r e n c e ....................................................... 11.03 20,450 32,855 20,945 7,240 7,380 49.62 42.09 47.92M e t h u e n ....................................................... 0.10 1,150 165 140 315 310 0.59 2.37 0.24North A n d o v e r .............................................. 0.63 1,080 2,110 1,050 320 680 3.71 2.23 3.08 2.29
T o t a l ....................................................... 12.00 23,190 35,320 22,300 7,875 8,395 55.33 47.74 51.52 56.22

4. A m e s b u r y ....................................................... 0.72 1,430 2,355 1,465 0 730 4.24 2.95 3.44 0
5. Haverhill Metropolitan Region:

H a v e r h i l l ....................................................... 3.73 9,870 18,955 14,025 20 2,215 21.93 20.30 27.64 0.14
6. N ew b u ry p o rt ....................................................... 0.14 300 545 470 0 190 0.82 0.62 0.80 0

Grand T o t a l ..................................... 19.40 48,580 68,560 47,650 14,005 14,405 100.00 100.00 100.00 100.00
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Chapter IV. Sanitary Conditions in Merrimack River.

The two most important water quality characteristics for the 
Merrimack River which bear upon its suitability for use are its 
content of coliform bacteria and its dissolved oxygen content.

Because most diseases which are known to be transmitted through 
water are of intestinal origin and the source of the causative or
ganisms in water is human excreta, the presence of sewage in water 
is evidence of the possibility of the presence of infectious organisms. 
The most satisfactory index so far developed of the extent of pollu
tion of water by human fecal matter is the concentration of coliform 
bacteria whose normal habitat is the lower intestine of man and other 
mammals. As previously stated, about 100 to 400 billion coliform 
bacteria are excreted daily by  each person and normal municipal 
sewage in dry weather contains about 50 to 300 million coliforms 
per 100 ml.

A  natural water or an artificially treated water of otherwise ac
ceptable quality in which the count of coliform bacteria is below a 
figure (about 1 per 100 ml in the United States), which experience 
shows to  be relatively safe, may be classified as a safe drinking water, 
provided a sanitary survey shows that the source of the supply and 
the water system are adequately protected against the effects of 
pollution. Such a standard of purity assumes that the numbers of 
infectious microorganisms of all types present at the source of 
pollution have been reduced at least in proportion to the reduction 
in the count of coliform bacteria. The assumption is probably war
ranted in the case of most pathogenic bacteria, but it is not war
ranted in the case of some viruses. Viruses are not removed by 
filtration to the same extent as bacteria, and some known viruses 
are more resistant to the usual dosages of chlorine.

Somewhat higher counts of coliform bacteria are used as standards 
of safety for other uses of water. For example, the limiting count in 
shellfish growing areas is 70 coliforms per 100 ml, if the shellfish are 
to be marketed without treatment and is 700 per 100 ml, if the shell
fish are to be marketed after treatment. For swimming and recre
ation, the standards vary from state to state from 240 per 100 ml 
to about 2,400 per 100 ml.

In order to meet the drinking water standard of about 1 per 100 ml 
by  dilution alone, normal domestic sewage containing about 100 
million coliforms per 100 ml must be diluted with pure sterile water
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in a dilution ratio of about 100 million to 1. In practice, this 
enormous reduction is accomplished by sewage treatment, sewage 
chlorination, dilution and bacterial die-off in the receiving waters, 
water treatment, water chlorination, and combinations thereof. The 
equivalent dilution ratio required for the other uses ranges from 
about 1 million to 1 for shellfish growing areas to about 100,000 to 1 
for swimming and recreation, and these reductions must be accom 
plished by sewage treatment, sewage chlorination, dilution, and 
bacterial die-off in the receiving waters, since the water is used in situ.

Numerous tests (Camp, T. R., Proc. San. Eng. Div., ASCE, 
January, May, and September, 1961) indicate that, with adequate 
chlorine doses and contact periods, coliform reductions of 99.99 per 
cent may be obtained even with raw sewage. This corresponds with 
an equivalent dilution of 10,000 to 1. The tests by  Kelly and 
Sanderson (Am. J. of Public Health, 48, 1323, 1958 and 50, 14, 1960) 
on chlorination of viruses in water indicate that kills of 99.7 per cent 
may be obtained with adequate chlorine doses and contact periods. 
This corresponds with an equivalent dilution of 330 to 1. N o data 
are available to indicate the per cent inactivation of viruses in 
sewage chlorination, but it is likely that the effectiveness of chlori
nation will be much greater than other methods of sewage treatment. 
Chlorination is, therefore, 1,000 to 5,000 times as effective as other 
conventional sewage treatment methods in the protection of the 
public health, based upon the reduction in coliform count.

Natural surface waters and estuaries contain organic impurities 
under decomposition by bacteria and other microorganisms. The 
bacteria utilize the oxygen dissolved in the water in their feeding 
processes; and the dissolved oxygen is in turn replenished from the 
atmosphere and by algae during daylight as a by-product of the 
photosynthesis of carbohydrates from carbon dioxide and bi
carbonates.

If the concentration of decomposing organic matter is excessive, 
as may be the case if the water is polluted with sewage or organic 
industrial -wastes, the dissolved oxygen concentration may bo lowered 
to a level which is harmful to fish and other aquatic life or it may be 
lowered to a concentration near zero, whereupon anaerobic de
composition takes place with the production of gaseous by-products 
and black water, lh e  gaseous by-products are carbon dioxide, 
methane, and to  a lesser extent hydrogen sulfide and mercaptans. 
The sulfide compounds cause foul odors and react with metals in 1 he 
water to form black precipitates, resulting in black water. In many
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cases where sulfide odors are present in the atmosphere above the 
water’s surface, the sulfides may react with paints on buildings, 
boats, and structures to discolor or blacken the paint.

The water in the Merrimack River has been analyzed routinely 
by  the Massachusetts Department of Public Health during the 
warmer and drier months when the oxygen levels are lowest and the 
rate of bacterial decomposition is greatest. Dissolved oxygen, 
BOD, and other determinations have been made on samples col
lected from selected sampling stations at selected time intervals 
throughout the critical months. These analyses are useful in measur
ing the extent and nature of the pollution and in locating the points 
of minimum oxygen concentration, but they are not an adequate 
basis for oxygen balance studies to estimate the allowable pollution 
loads and to plan means for pollution abatement.

The most important purpose of oxygen balance studies is to es
timate the allowable pollution loads at existing or potential points of 
pollution. The difference between the allowable and existing or 
potential pollution load represents the removal which must be ac
complished at each polluting point. In order to  estimate the allow
able pollution loads, parameters and rate constants must be used 
which differ from those which pertain to existing conditions. For 
examples, the oxygen demand of bottom  deposits would be reduced 
after treatment for removal of the suspended matter forming such 
deposits; the removal of BO D  by settling to the bottom  of the re
ceiving waters would be reduced after treatment of the polluting 
wastes; and the deoxygenation rate constants would be less for 
biologically treated wastes than for raw wastes. M oreover, the rate 
of supply of dissolved oxygen must be estimated for the selected 
design flow regime which is usually not the same as the flow and 
temperature conditions occurring at the times of routine sampling.

The sanitary conditions in the river at the time of the 1947 Report 
were indicated by  dissolved oxygen and B O D  analyses of grab 
samples collected monthly during the daytime for the dry weather 
months, June to November, inclusive, over the 10-year period from 
1936 to 1945; and by  coliform counts in samples collected in June 
to September, inclusive, during 1936 to 1939. W e have made a 
similar study of the routine analyses of river water samples collected 
over the 6-year period, 1956 to 1961, inclusive, in order to indicate 
the changes which have occurred in the sanitary conditions of the 
river since the 1947 study. The results of this comparison are 
described below.
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Also included in this comparison are special analyses made in 1962 
and 1963. In 1962, samples were collected from September 20 to 24 
at several liver stations at 2-hour intervals over a 4-day period from 
the top, middle and bottom of the river near the north, middle and 
south banks. The water temperature ranged from 12° C to 19° C 
changing with time; and the river discharge at Lowell ranged from 
about 1,300 to 2,100 cfs. Composites were prepared over 12-hour 
periods at each of the 3 points of collection across the river for BO D  
and coliform analyses. Dissolved oxygen determinations were made 
on each sample collected. In 196o, samples were collected from a 
larger number of river stations, at 3-hour intervals over periods up 
to 2 days, from the top and bottom  of the river near the north and 
south banks. Samples were collected from river stations 6 through 
10, July 31 to August 2, the water temperature ranging from 24° C 
to 29° C; and from river stations 1 through 6, August 7 to 9, the 
water temperature ranging from 15° C to 28° C. The river' dis
charge at Lowell was about 1,300 cfs. Composites were prepared 
over 12-hour periods at each of the 2 points of collection across the 
river for BOD analyses; and for coliform counts at stations 6 
through 10. Pop and bottom  samples collected at 3-hour intervals 
at stations 1 through 6 were composited for coliform counts. D is
solved oxygen determinations were made on each sample collected. 
The locations of the sampling stations along the Merrimack River 
are shown in Tables 7 to 9 and on Fig. B (appended).

Coliform Bacteria.

The coliform counts in the Alerrimack River water at selected 
sampling stations through its length in Massachusetts are shown in 
table 7. Column (1) shows the geometric mean of 13 counts at 
each station m samples collected during the months of June to 
êp ember, inclusive, for the years 1936 to 1939. These are the data 

published m the 1947 Report. N o bacterial analyses were made for 
ie years 1940 to 1945. It is pertinent to note that the mean count

lb i v™fTb° /0Ugh Bridge WaS 3)300 Per 100 ml- whcreas the 
p f  1 1 A of the samples at this station was 23,000 per 100 ml. 
column 2) shows the trend in the arithmetic averages of the coli-

1961 T , S ° r 6aCb st,a^ on over the 6-year period from 1956 to 
a..- ,,°  ),mn ®  shows the maximum coliform counts of record

g the 6-year sampling period, 1956 to 1961.
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Columns (4) and (6) show the averages of the coliform counts 
made in 1962 and 1963, respectively; and column (5) shows the 
maximum coliform counts made on 12-hour composites. Column 
(7) shows the maximum coliform counts on top and bottom  com
posites for stations 1 through 6 and the maximum count on 12-hour 
composites for stations 7 through 10.

Table 7 indicates a very substantial increase in the coliform counts 
in the Merrimack River water since the 1936-1939 period. The 
mean values during this early period were all in excess of bacterial 
standards suitable for bathing and recreation. The more recent 
average values show increases of two- to ten-fold, and the maximum 
values are very much higher than the average counts.

D issolved Oxygen.
The dissolved oxygen concentrations in the Merrimack River 

water at selected sampling stations throughout its length in Massa
chusetts are shown in Table 8. Column (1) shows the mean value in 
ppm  over the 10-year period from  1936 to 1945, and column (2) 
shows the minimum values of record during this period. It is per
tinent to note that the dissolved oxygen concentration dropped to 
zero just downstream from Lowell and through the reach from just 
above Haverhill to the Groveland Bridge. The average dissolved 
oxygen concentrations during the 6-year period from 1956 to 1961 
are shown in column (3) and the minimums of record during this 
period are shown in column (4). A  comparison of these two sets of 
analyses indicates a somewhat lower dissolved oxygen content at the 
Tyngsborough Bridge during the latter period rather than during 
the early period, indicating an increase in BO D  coming across the 
N ew Hampshire line into Massachusetts. The minimum values of 
record were lower during the earlier series being zero just below 
Lowell and in the reach above Haverhill through the Groveland 
Bridge. The lowest values of record in the 6-year period ending in 
1961 were 1.8 ppm at the bridge above Haverhill and 1.4 ppm at 
the Groveland Bridge. It is pertinent to note that the minimum 
dissolved oxygen concentration in both of these series was less than 
5 ppm and that even the average values were less than 5 ppm in the 
vicinity of the Groveland Bridge.

The 1962 and 1963 dissolved oxygen concentrations are shown in 
columns (5) to (8), inclusive. The average values are the averages of 
determinations made on numerous samples collected over a period



Table 7. —  C o lifo rrn  C o u n ts  in  M e r r im a c k  R iv er , M P N  p er 10 0  m l.

Sta. Ref 
N o .  for 
Fig. 13.

S a m p l in g  P o in t . River
Mile.

1936-1939. 1956-1961. 1962. 1963.

Mean MPN. Avg. MPN. Max. MPN. Avg. MPN. Max. MPN. Avg. MPN. Max. MPN.

a ) (2) (3) (4) (5) (6) (V)
1 Station No. 1 0 .............................................................................. 48.2 - - - - 28,000 620,000
2 Tyngsborough B r i d g e ............................................. 47.4 3,300 36,400 240,000 - - -
3 Station No. 9 ............................................................... 43.3 - - - 13,000 27,000
4 Canal entrance, L o w e l l ............................................. 40.6 2,300 - - - - - -
5 Beaver Brook at mouth, Lowell . . . . 39.7 - 770,000 11,000,000 - - -
6 Route 110 Bridge, L o w e l l .................................... 38.7 - 322,000 4,600,000 - - - -
7 Station No. 8 ............................................................... 37.4 - - - 336,000 1,800,000 525,000 830,000
8 Below L o w e l l ............................................................... 37.0 39,000 - - - - - -
9 Station No. 7 .............................................................................. 34.1 - - - - - 28,000 35,000

10 Station No. 6 ................................................................ 31.4 - - - 56,000 110,000 14,833 38,000
11 Above L a w r e n c e ................................................................... 29.5 16,600 - - - - - -
12 Canal, rear of Exp. Station, Lawrence . 29.0 - 81,000 930,000 - - - -
13 Below L a w r e n c e ................................................................... 27.2 660,000 - - - - - -
14 Albian St. Ext., Lawrence-Methuen Line 26.5 - 1,510,000 9,300,000 - - - -
15 Station No. 5 .............................................................................. 26.2 - - - 1,133,000 2,600,000 4,850,000 6,000,000
16 Above H a v e r h i l l ................................................................... 20.5 66,000 - - - - - -
17 Station No. 4 .............................................................................. 20.1 - - - 492,000 1,500,000 473,750 940,000

18 Bridge above H a v e rh ill ........................................................ 19.1 - 242,000 930,000 - - - -
19 Below H a v e r h i l l ................................................................... 17.1 135,000 - - - - - -
20 Groveland B r i d g e ................................................................... 15.7 55,000 193,000 1,100,000 - - - -
21 Station No. 3 .............................................................................. 15.7 - - - - - 169,340 540,000
22 Above A m e s b u r y ....................................................... 6.9 7,900 - - - - - -
23 Station No. 2 ................................................................................................ 6.9 - - - - - 13,140 49,000

2 4 Powwow River at mouth, Amesbury 6.3 - 253,000 1,500,000 - - - -
2 5 Newburyport Chain B r i d g e ............................................. 5.1 3,300 34,500 240,000 - - - -
2 6 Station No. 1 ............................................................................... 0.2 — -

537 3,500
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T a b l e  8 . —  Dissolved Oxygen Concentrations in Merrimack River, ppm.

to

Sta. Ref. 
N o. for 
Fig. B.

S a m p l in g  P o i n t . River
Mile.

1936-1945. 1956-1961. 1962.

Mean. Minimum. Average. Minimum. Average. Minimum.

a ) (2) (3) (4) (5) (6)

1 Station No. 1 0 .................................................................. 48.2 - - “ “

2 Tyngsborough B r i d g e ............................................. 47.4 7.5 4.9 6.3 4.0 “

3 Station No. 9 .............................................................................. 43.3 - - - - “

4 Canal entrance, L o w e ll............................................. 40.6 7.8 4.6 - “ " ~

5 Beaver Brook at mouth, Lowell . . . . 39.7 - - 7.8 3.2 _
6 Route 110 Bridge, L o w e l l .................................... 38.7 - - 6.7 4.8 “ “

7 Station No. 8 .............................................................................. 37.4 - - - ~ 6.5 4.6

8 Below L ow ell .............................................................................. 37.0 7.1 0.0 - - - _
9 Station No. 7 ............................................................................. 34.1 - - - - ~ _

10 Station No. 6 ............................................................................. 31.4 - - - “ 5.8 2.0

11 Above L a w r e n c e ................................................................... 29.5 7.3 3.4 - - -
12 Canal, rear of Exp. Station, Lawrence . 29.0 - - 6.1 3.0 “ -
13 Below L a w r e n c e ...................................................... 27.2 5.8 2.0 - - ~
14 Albian St. Ext., Lawrence-Metliuen Line . 26.3 - - 5.5 2.8 -
15 Station No. 5 ................................................................ 26.2 - - - - 5.1 2.0

16 Above I la v e r h i l l ...................................................... 20.5 6.3 0.0 ” - -
17 Station No. 4 ................................................................ 20.1 - - - - 4.2 2.5

18 Bridge above H a v e r h i l l .................................... 19.1 - - 5.1 1.8 ”
19 Below H a v e r h i l l ...................................................... 17.1 3.8 0.0 “ -
20 Grovcland B r id g e ...................................................... 15.7 4.7 0.0 4.9 1.4 -
21 Station No. 3 ................................................................ 15.7 - - — - “
22 Above A m e s b u ry ....................................................... 6.9 5.4 0.7 - - “ -
23 Station No. 2 ................................................................ 6.9 - - — “
24 Powwow River at mouth, Amesbury . 6.3 - - 5.8 2.5 _ -
25 Newburyport Chain B r id g e .................................... 5.1 5.0 1.0 5.0 2.4 " —
26 Station No. 1 ................................................................ 0.2

1963.

Average, j Minimum.

(7) (8)
3.8 2.0

4.2 1.2

4.3 2.3

3.7 1.0
4.5 0.0

2.4 0.0

1.8 0.5

1.2 0.4

4.0 1.7

8.1 5.2
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of time at each sampling point, whereas the minimum value's are 
the minimums of all the samples collected at a river station.

It is pertinent to note that the routine sampling in the 2 periods, 
1936 to 1945, and 1956 to 1961, was done at regular sampling times 
regardless of the rate of discharge in the river. The sampling&during 
1962, however, was done when the river flow at Lowell ranged from 
1,300 to 2,100 cfs and the 1963 sampling was done during a period 
when the river flow was approximately 1,300 cfs. Since the 1963 
flow approximates the critical design flow of 1,000 cfs adopted in 
this report, the dissolved oxygen concentrations in columns (7) 
and (8) of Table 8 indicate fairly well what might be expected at the 
design flow with the current BO D  loads on the river. It will be 
noted that both the average and the minimum concentrations of 
dissolved oxygen in 1963 are less than 5 ppm  throughout the river 
m Massachusetts except for station 1 at the mouth of the river. 
The standards of quality for interstate waters established by the 
New England Interstate Water Pollution Control Commission 
specify a minimum of 5 ppm of dissolved oxygen for Class C waters, 
as shown hereinafter, and 75 per cent of saturation (about 6 ppm) 
for Class A and Class B waters.

Biochemical Oxygen Demand.

'"~“ 6 Banier Period than has be

It is also to  be noted that the 
1 downstream from Lawrence 

een the case in the period from
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1936 to 1961. This is due primarily to the closing of mills in Law
rence.

The 1962 and 1963 BO D  analyses on these special samples are 
shown in column;? (5) to (8), inclusive.

The maximum B O D ’s for 1962 were for 12-hour composites on 
weekdays when the river flow was about 2,100 cfs whereas the 
maximum values for 1963 were at river flows of only 1,300 cfs. 
This explains the higher values for the 1963 samples. The average 
values were also higher for the 1963 samples than for 1962. This 
ma}r also be explained by  slightly higher average flows during this 
sampling period.

Since the river flow during the period of sampling in 1963 ap
proximates the critical design flow of 1,000 cfs adopted in this re
port, the BO D  concentrations in columns (7) and (8) of Table 9 
indicate fairly well what might be expected at the design flow with 
the current BOD loads on the river.

Other Water Quality Characteristics.
Among the other water quality characteristics which affect the 

sanitary quality of the Merrimack River water and its suitability 
for various uses are the temperature and pH  value. The 1947 
Report showed water temperatures averaging about 67° F and rang
ing from a low of 47° F  to a high of 81° F through the months of 
June through Novem ber in the years 1936 to 1945, inclusive. The 
pH  values for this period ranged from a low of 6.0 to a high of 7.7 
and averaged about 6.7.

The water temperatures found during the special surveys in 1962 
and 1963 were generally within the range reported in the 1947 Re
port, except that single sample temperatures as high as 84° F were 
reported. A  significant finding during the 1962 and 1963 periods 
of sampling was that the Merrimack River water temperature 
changes rapidly from day to day and even from hour to hour. ; 
During the 4-day sampling period in September, 1962, the water ; 
temperature changed almost 12° F with time ranging from 54° F : 
to  66° F. During the 2-day sampling period from July 31 to August 
2, 1963, a 9° F  change in temperature was found with a range from 
75° F to 84° F. During the 2-day period from  August 7 to 9, 1963, 
the range in water temperature was from 59° F  to 82° F, a change^ 
of 23° F.

The range of pH values in the river water samples at river sfca-;



T a b l e  9 .  —  BOD Concentrations in Merrimack River, ppm.

Sta. Ref 
No. for 
Fig. B.

S a m p l in g  P o in t .
1936-1945. 1956-1961. 1962. 1963.

Mile.
Mean. Maximum. Average. Maximum. Average Maximum. Average. Maximum.

1 Station No. 10 . . . . . . 48.2
a ) (2) (3) (4) (5) (6) (7)

4.8
(8)
5.4

2 Tyngsborough Bridge . . . . . . 47.4 2.38 4.7 3.4 13.0 _ _ _ _
3 Station No. 9 ............................................................... 43.3 - - - - _ _ 4.5 6.2
4 Canal entrance, L o w e ll............................................. 40.6 4.06 6.2 - _ _ _ _ _
5 Beaver Brook at mouth, Lowell . . . . 39.7 - _ 4.9 13.0 _ _ _ _
6 Route 110 Bridge, L o w e l l .................................... 38.7 - _ 5.4 13.0 _ _ _ _
7 Station No. 8 .............................................................................. 37.4 - - - - 4.8 6.3 6.2 7.9
8 Below L ow ell................................................................ 37.0 5.49 36.0 - - _ _ _ _
9 Station No. 7 .............................................................................. 34.1 - - _ _ _ _ 5.2 6.1

10 Station No. 6 .............................................................................. 31.4 - - - - 3.9 5.2 5.6 15.7
11 Above L a w r e n c e ....................................................... 29.5 3.06 5.8 - - _ _ _ _
12 Canal, rear of Exp. Station, Lawrence . 29.0 - _ 3.5 13.0 _ _ _ _
13 Below L a w r e n c e ....................................................... 27.2 15.1 31.0 - _ _ _ _ _
14 Albian St. Ext., Lawrence-Methuen Line 26.3 - ' 9.1 19.0 _ _ _ _
15 Station No. 5 .............................................................................. 26.2 - - - - 6.9 9.5 14.0 15.8
16 Above H a v e r h i l l ....................................................... 20.5 6.29 13.0 - - - - - -
17 Station No. 4 .............................................................................. 20.1 - - - - 5.5 6.3 7.9 12.3
18 Bridge above H averhill............................................. 19.1 - - 5.3 12.0 - - _ _
19 Below H a v e r h i l l ....................................................... 17.1 9.46 23.0 - - _ _ - _
20 Groveland B r id g e ...................................................... 15.7 6.39 14.0 4.7 8.3 _ _ _ _
21 Station No. 3 ............................................................... 15.7 - - - - _ _ 7.2 8.4
22 Above A m e s b u r y ...................................................... 6.9 4.25 10.0 - - - - _ _
23 Station No. 2 ................................................................ 6.9 - - - - - _ 4.3 5.7
24 Powwow River at mouth, Amesbury . 6.3 - - 4.5 9.5 _ _ - _
25 Newburyport Chain B r id g e .................................... 5.1 4.48 9.8 4.3 7.6 - - - _
26 Station No. 1 ................................................................ 0.2 _ - “ ~ - 1.1 1.8
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tions 4 to 8, inclusive, during the special sampling period in Septem
ber, 1962, was 6.6 to 7.4. The range of pH values during the 2-day 
sampling period from July 31 to August 1, inclusive, was 6.5 to 
7.1, and from August 7 to August 9 the range was from 6.5 to 7.8. 
The higher pH  values are doubtless due to heavy algae blooms at 
particular sampling points. The ranges of pH value found are nor
mal for natural unpolluted streams and indicate no significant pol
lution with acids or alkalies.

During the 4-day sampling period in September, 1962, the tur
bidity of the Merrimack River water ranged from 15 to 70 units 
and the color ranged from 55 to 80 units. During the 1963 special 
sampling period, the turbidity ranged from 5 to 30 units and the 
color ranged from 5 to 100 units. Both turbidity and color may be 
expected to be higher at higher river flows. The color and turbidity 
of the Merrimack River water are relatively low for a river with so 
much pollution. The threshold odor numbers for the samples col
lected during 1962 and 1963, range from 1 to 4 with only an occa
sional 5. M ost of the odor was vegetable or earthy in character, 
but on August 7 and 8, 1963, the odors of some of the composites at 
stations 1, 2, 3 and 6 were characterized as disagreeable, stale sew
age, or “ fishy.”

Since W orld W ar II, there has been a tremendous increase in the 
use of synthetic detergents in place of soap for household and in
dustrial purposes. These detergents differ from soaps in that they 
do not form precipitates or curds with bi- and tri-valent metals in 
water. They are, therefore, very soluble and are difficult to re
m ove from water by  chemical precipitation. They are also very 
resistant to  biochemical degradation and are, therefore, difficult to 
remove from water by  ordinary sewage treatment processes. More 
than 75 per cent of the surfactants in household detergents are of 
the anionic type and alkyl aryl sulfonates (termed alkyl benzene 
sulfonate or ABS) account for almost three quarters of these. For 
this reason, the degree of contamination of drinking water by syn
thetic detergents is currently established in terms of the concentra
tion of ABS, which is readily determined in laboratory procedures. 
The concentration of ABS in municipal sewage is of the order of 
10 ppm. An off-taste, described as oily, fishy, or perfume-like will 
be noticed in drinking water containing 1.0 to 1.5 ppm of ABS and 
such water will also foam or froth. Concentrations up t o 50 ppm 
in drinking water have produced no toxic effects on humans. The 
recommended limit for ABS in the 1962 U. S. Public Health Drink-



1904.] HOUSE — No. 3733. 67

ing Water Standards is 0.5 ppm in order to avoid tastes and foam 
ing. All of the composites collected during the 1962 special survey 
and most of those collected during the 1963 special survey were 
analyzed for ABS. The concentration of ABS during the Septem
ber, 1962, 4-day sampling period ranged from 0.18 ppm to 0.4 ppm. 
The concentration during the August, 1963, sampling period ranged 
from 0.20 ppm to 0.58 ppm.

Radioactive isotopes have so far not been present in Merrimack 
River water in such concentrations as constitute a safety hazard if 
this water is used for drinking purposes after the usual treatment 
processes. Analyses of samples collected at Lowell between April 1 
and June 30, 1956, indicated a maximum concentration of stron
tium 90 of 2.1 micromicrocuries per liter. The safe limit specified 
in the 1962 Public Health Service Drinking W ater Standards for 
strontium 90 is 10 micromicrocuries per liter. The gross beta ac
tivity was measured at Lawrence in June, 1963, and found to be 
96 micromicrocuries per liter. The limit set in the 1962 Public 
Health Service Drinking Water Standards is 1,000 micromicrocuries 
per liter.

Numerous new organic chemicals are now being produced by the 
chemical and petrochemical industries, many of which are toxic and 
some of which are washed into surface waters. Among such chem
icals are the pesticides, of which D D T  is the most widely used for 
the destruction of insects. Rachel Carson in her book, “ Silent 
Spring” (Houghton, Mifflin Co., 1962), has sounded a note of warn
ing against the widespread and indiscriminate use of toxic pesti
cides. In a well-documented study, Miss Carson has shown that 
the lethal action of toxic sprays cannot be limited to the target 
pest. The spraying of crops, forests and lakes for the destruction 
of insect pests kills not only the offending insect but many other 
insects, birds that feed upon the insects, fish that feed upon the 
insects, waterfowl, and wild and domestic animals that feed upon 
the birds and fish. Many human beings have also been poisoned 
by these pesticides. These new organic chemicals and the waste 
by-products of the chemical industries are so numerous and varied 
as to defy detection and identification by  practical analytical 
methods.

The chloroform soluble carbon filter extract method (CCE) has 
been developed as a means of determining the gross concentration 
of some of these organics. D D T  is among the organics which are 
recovered by the carbon filter technique. The recommended limit-
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ing concentration of CCE in the 1962 U. S. Public Health Drinking 
W ater Standards has been set at 0.2 ppm. The CCE concentration 
found during the special 1962 series of samples ranged from 0.3 to 
0.7 ppm. These values are in excess of the recommended limit for 
drinking water.

In order to avoid salty tastes, the 1962 Drinking Water Stan
dards recommend that the concentrations of either chloride or sul
fate be not greater than 250 ppm and the total solids concentration 
be not greater than 500 ppm. The chloride concentrations during 
the 1962 survey from stations 4 to 8, inclusive, ranged from 15 to 
17 ppm  and during the 1963 special survey in August on river 
stations 3 to 10, inclusive, ranged from 67 ppm down to 16 ppm. 
The chloride concentrations at station 2 ranged from 800 to 1,200 
ppm  at ebb tide and 5,400 to 12,600 ppm at flood tide.

The total dissolved solids were not determined during the 1962 
and 1963 surveys, but the hardness, which is a rough measure of 
the total solids, ranged from 22 to 34 ppm during the 1962 survey. 
It is evident that the Merrimack River water is relatively soft and 
has a low salinity upstream from river station 3. The chloride con
centration at river station 1 at the mouth of the river ranged from 
11,600 to 17,000 ppm, indicating 65 per cent to 95 per cent sea 
water.

The 1962 and 1963 surveys of the river indicated very few spots 
where there were gases rising from the bottom  deposits to cause 
odor nuisances. During low water and outgoing tides, mud flats 
are exposed at points which may cause odor nuisances under cer
tain conditions. A  survey was made in August, 1963, by  the col
lection of samples of the river muds in the reach between Lowell 
and Lawrence. These samples were scooped from the bottom  de
posits to  a depth of 6-in or more and analyzed for the per cent 
volatile solids. Thirty samples of mud were analyzed and found 
to have an average volatile solids content of 2.4 per cent. Only 
4 samples had volatile solids contents of 6 per cent or greater, and 
only 3 samples had volatile solids contents in excess of 10 per cent. 
The largest volatile solids content was 12.7 per cent.

According to  Fair, M oore & Thomas (Sewage Works Journal, 13, 
270, 1941), natural sediments which have been laid down in a stream 
heavily polluted with fresh sewage should contain 10 to 30 per cent 
of volatile solids on a dry basis. The above-described mud analyses, 
therefore, tend to indicate that the velocities in the Merrimack 
River at normal flows and high flows are sufficiently great to pre-
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vent the accumulation of deep organic deposits except just upstream 
from the Lowell and Lawrence dams. The condition of the river 
bottom has doubtless been improved since the 1946 study as a re
sult of the closing of the woolen mills.

Overflows of M ixed Sewage and Storm W ater.
The sewerage systems of Lawrence, Lowell and Haverhill are on 

the combined plan, carrying both sewage and storm water. Com 
bined sewers with adequate capacity for storm water runoff usually 
have capacities ranging from about 50 to 200 times the average 
dry weather flow of sewage, including infiltration. It is usually 
not economically feasible to intercept the total capacity of the com 
bined sewerage system and subject this flow to  the treatment re
quired by the receiving water standards. It has long been common 
practice, therefore, to design interceptors and treatment works 
with capacities for the peak dry weather flow or from 2 to 5 times 
the average dry weather flow at the end of the design period, and 
to permit overflows of mixed sewage and storm water at the points 
of interception during and immediately following rainstorms.

This problem was recognized in the 1947 studies, and some in
vestigation was made to determine the probable frequency and 
volume of the overflows. It was found that, on the average, dur
ing the critical 6 months’ period from June to November, inclu
sive, overflows would occur about 5 to 6 times per month and 
about 2 to 3 per cent of all of the sewage produced during this 
period would overflow into the Merrimack River with storm water. 
It was further found that overflows would occur only during and 
immediately following rainstorms, about 5 per cent of the total 
time. About 50 per cent of the sewage would overflow during a 
rainstorm having the intensity of 0.05-in per hour, and about 90 
per cent of the sewage would overflow at a rainfall intensity of 
0.20-in per hour. Thus, it wras evident that heavy slugs of pollution 
would be discharged to the river nearly every time it rains.

It was found in the 1947 studies that, if the capacities of the in
terceptors and treatment works were increased to care for flows up 
to 20 times the average dry weather flow, there would still be 2 
or more overflows per month on the average. It was recommended 
that the interceptors and treatment works be designed for only the 
dry weather flow with a small margin of safety for insurance against 
overflows in dry weather. It was suggested that chlorination of the
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overflowing sewage and storm water might be worthwhile, but it 
was recommended that no provisions be made for chlorination of 
overflows until after the works recommended were constructed and 
in use. It was further recommended that the cities of Lowell, Law
rence and Haverhill initiate programs leading to the complete sepa
ration of sanitary sewers from storm drains.

N o information was available at the time of the 1947 studies 
relative to the portion of the polluting substances, BOD, suspended 
solids, and coliform bacteria, which would be discharged to the 
river in the overflows. Information is accumulating slowly from 
experiments elsewhere that the portion of these pollutants lost to 
the river in the overflows is very much greater than the 2 to 3 per 
cent found for the volume of liquid sewage. Inasmuch as our 
major concern is with the pollutants and not the liquid, which is 
water, the problem of the overflows becomes much more important 
than was previously assumed.

The velocity in nearly all combined sewers during dry weather is 
so low that some of the suspended solids settle out, together with 
the associated bacteria and BOD. When it rains, the flows and 
velocities are increased. Some of these deposits are picked up and 
carried along in the sewer. The cleansing action of runoff from 
rainstorms is relied upon to keep combined sewers reasonably clean 
so that their capacities are not destroyed. Surveys and analyses 
of a portion of the combined sewerage system at Northampton, 
England, during 1960-1961, revealed considerable deposition of 
organic solids and grit in the sewers during dry weather, despite 
the fact that SO per cent of the system has slopes between 0.6 and 
3.3 per cent and averaging 1.3 per cent. It was estimated from the 
Northam pton analyses that an average of about 32 per cent of sus
pended solids entering the system and about 10 per cent of the 
BOD entering the system was deposited in the combined sewers 
during dry weather. It was estimated from the Northampton tests 
that, with interceptor capacities of 3 times the average dry weather 
flow, about 27.4 per cent of the total annual inflow load of suspended 
solids and 8.1 per cent of the total annual inflow load of BOD were 
lodged in the overflows of mixed sewage and storm water. N o anal
yses were made to  determine what portion of the total coliform load 
might be discharged in the overflows.

In studies of the chlorine demand of the Buffalo sewage during 
the years 1938-1940, Symons, et al (Sewage W orks Jour. 13, 249, 
1941) found that, on 126 days when rain occurred, the average
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chlorine demand before the storm was 5.3 ppm ; after the first hour, 
it was 6.0 ppm; after the second hour, it was 6.8 ppm, and dimin
ished slowly to 5.8 ppm after 6 hours. The Symons data indicate 
a very considerable scour of sewer deposits for many hours after the 
start of a storm. Studies by  lliis-Carstensen (Sewage and Industrial 
Wastes, 27, 1115, 1955) of gagings and analyses of Buffalo sewage 
in the Bird Avenue District during August, 1936, throw light, on 
the suspended solids discharged in overflows. A  rainstorm amount
ing to 0.52-in started at 5:30 p .m . and ended at 9:00 p .m . The 
rainfall intensity averaged 0.16-in per hour. The maximum gaged 
rate of flow corresponded with a dilution ratio of only 5.2 times 
the average dry weather flow. The rate of flow of suspended solids 
by weight during runoff from the rainstorm reached 29.3 times the 
dry weather rate and averaged 11.8 times the dry weather rate. 
From the data collected by Symons, et al, and from the Riis-Car- 
stensen studies, Camp (W ater and Its Impurities, p. 216, Reinhold, 
1963) has estimated that 35 per cent or more of the year’s produc
tion of suspended solids at Buffalo may be discharged in the over
flows of mixed sewage and storm water, despite the fact that only 
about 3 per cent of the sanitary sewage is discharged untreated 
through the overflows.

In order to obtain some indication of the magnitude of the dis
charges of BOD, suspended solids and coliform bacteria to the M er
rimack River in overflows from the proposed interceptors of mixed 
sewage and storm water during rainstorms, gagings and analyses 
were made during July and August of 1963 at a station on the 
Osgood Street sewer in Lawrence. The tributary area to this gaging 
station is about 250 acres, and the tributary population is about 
4,300. The capacity of this combined sewer flowing full is about 
40 mgcl and the average dry weather flow is about 1 mgd.

Data were collected during this period on only one storm of sig
nificance and it was not a large storm. The storm occurred on the 
afternoon of July 18. The runoff started increasing at about 3:45 
p.m., reached a peak of 7.5 mgd at 4:15 p .m ., and was back to nor
mal at about 5:00 p .m . The results of this study are shown on Fig. 
31. Each of the parameters, BOD, total suspended solids, and coli
form bacteria are plotted in terms of the concentration and in 
terms of the rate of flow. The concentrations are shown by light 
mes and the rates of flow are shown by heavy lines. The concen- 
rations of BOD and suspended solids are in ppm and (.he concen

trations of coliform bacteria are in millions per 100 ml. The rate
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of flow of BO D  and suspended solids is expressed in pounds per day 
and the rate of flow of coliform bacteria is expressed in thousands 
of billions per day. The estimated average values during dry 
weather are indicated by  short lines on the left-hand side of the 
figure.

Fig. 31 indicates that the BOD concentration dropped off to 
about half the average daily value at the peak rate of flow and 
then increased again as the flow decreased. The rate of flow of 
BOD increased about tenfold from the start of the runoff to the 
peak rate of flow and then slowly declined until the end of the 
storm. During this runoff period of about one hour, it is estimated 
that overflows would take place from the proposed interceptor for 
a period of about 40 minutes. The BO D  discharged during this 
period in the overflows is estimated at about 3.3 per cent of the 
daily B O D  at the average dry weather flow.

The total suspended solids, about two thirds of which were or
ganic solids, decreased slightly in concentration during the first 15 
minutes, then increased rapidly as the flow increased to concentra
tions about 3.5 times the concentration in the average dry weather 
flow. A t the end of the runoff period, the concentration was more 
than twice the concentration of the average dry weather flow. The 
total suspended solids load in the mixed sewage and storm water 
increased to a peak when the rate of flow was greatest, the lead 
being about 25 times the average load during dry weather. It is 
estimated that during the 40 minutes of overflow from the proposed 
interceptor the suspended solids discharged into the river would 
amount to about 30 per cent of the total average daily load during 
dry weather.

Fig. 31 indicates that the ccliform  concentration during the 
storm increased to about 3 times the average dry weather concen
tration in the first 15 minutes, remained about the same for a half 
hour, and then increased again as the discharge rate declined rapidly, 
and fell off at the end of the runoff period to a value about the same 
as the concentration during dry weather. The total coliform load 
increased to a value of about 24 times the load during dry weather 
and then decreased uniformly to approximately the dry weather 
load at the end of the runoff period. It is estimated that during 
the 40-minute overflow period from  the proposed interceptor the 
coliform bacteria discharged into the river would amount to about 
24 per cent of the average daily load of coliform bacteria in the 
combined sewers during dry weather.
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It is to be noted in the above analyses of the gagings of the 
Osgood Street sewer that the portions of the total load of coliform 
bacteria and suspended solids which would be lost to the river in 
the overflows from the proposed interceptor are of the same order 
of magnitude, whereas the portion of the BOD lost is considerably 
less. The 2-vear studies at Northampton, England, also indi
cate that the BOD loss in the overflows is considerably less than 
the suspended solids, being about 30 per cent of the suspended 
solids. This may be explained by  the fact that the organic matter 
which settles to the bottom  of the combined sewers during dry 
weather undergoes decomposition between storms, thus reducing 
the BOD. Hence, the longer the period between storms, the 
greater should be the reduction in BOD.

Inasmuch as the studies at Northampton, England, were based 
upon continuous analyses over a 2-year period, the results ob
tained at Northampton should be given much greater weight in 
estimating the probable pollution loads in the overflows into the 
Merrimack River than the results obtained on the Osgood Street 
sewer which represent only one storm. In our judgment, it is rea
sonable to assume that about 30 per cent of the total annual load 
of suspended solids and coliform bacteria will be lost to the Merri
mack River at Lowell, Lawrence and Haverhill in the overflows 
of mixed sewage and storm water from  the proposed interceptors. 
It is reasonable to assume that about 10 per cent of the total an
nual load of BOD in the combined sewers will be lost to the river 
in these overflows.
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Chapter V. Standards of River Water Quality.

A t the time of the 1947 study, no standards of water quality for 
the various uses of receiving waters had been established by Massa
chusetts. The standards of water quality for shellfish growing areas, 
as established by  the Public Health Service, were in use at that time 
and are still in use. One of the objectives of this study is to recom
mend standards of water quality for the other expected uses of the 
Merrimack River.

In the 1947 Report, it was concluded that the desired uses for 
the Merrimack River in Massachusetts require that any scheme for 
pollution abatement should be capable of development so as to pro
duce (1) a minimum dissolved oxygen content in the river water of 
not less than 4 ppm ; (2) a most probable number of coliform bac
teria in the water at bathing places not greater than 2,300 per 100 
m l; and (3) a most probable number of coliform organisms in the 
water of shellfish growing areas not greater than 700 per 100 ml 
and preferably less than 70 per 100 ml. It was further stated that 
“ whatever steps are taken to accomplish these ends will also re
m ove from  the river visible sewage matters, floating grease, and 
other unsightly suspended matter now present.”

In 1947, the New England Interstate W ater Pollution Control 
Commission was formed to  co-ordinate the water pollution control 
activities of member States on a regional basis. The member States 
are Connecticut, Maine, Massachusetts, New Hampshire, New 
York, Rhode Island and Vermont. The Commission has estab
lished a use classification system for the interstate waters in the 
region and water quality standards for each use. Each State has 
agreed to classify its interstate waters according to present condi
tions and the proposed highest use and submit the classifications 
to the Commission for approval. When approved by  the Commis
sion, each State becomes obligated to initiate programs of sewage 
and industrial waste treatment which are necessary for compliance 
with the standards. Table 10 shows the classification system and 
the water quality standards adopted for each class.

At the present time, the Merrimack River itself has not been 
classified by  either the State of New Hampshire or the Common
wealth of Massachusetts, although some of the tributaries have 
been classified. The Spickett River has been classified as B down 
to Garden Street in Lawrence and D  between Garden Street and
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the Merrimack River. Beaver Brook has been classified as B 
down to Lakeview Avenue in Dracut and as C from there to the 
Merrimack River. Studies have been completed on the Little 
River and the Powwow River to be used as a basis for their classi
fication.

One of the purposes of this study of the Merrimack River is to 
furnish a basis for its classification in Massachusetts. Recommen
dations regarding classification in the Merrimack River and changes 
in the water quality standards are presented hereinafter.

The various appropriate uses of the Merrimack River in Massa
chusetts are discussed in detail hereinafter, together with the water 
quality characteristics which bear upon these uses.

M unicipal W ater Supply.

The Merrimack River water has been used for generations for a 
municipal water supply for Lawrence. Following the typhoid fever 
epidemics about the turn of the century, the water was filtered 
through slow sand filters. Chlorination was added in 1918. Dur
ing the 1930’s a rapid sand filtration plant was constructed which 
is still in use. W ith both pre- and post-chlorination, this plant regu
larly produces a water which has complied with the U. S. Public 
Health Service Drinking W ater Standards, except for occasional 
tastes, odors and color. This has been accomplished despite the 
fact that the Merrimack River has not met the standards of a Class 
C stream as shown in Table 10, and despite the fact that the coli- 
form MPN at the intake has reached about 1 million per 100 ml 
on occasions. A somewhat safer drinking water, particularly from 
the standpoint of its virus content, and a water freer of tastes and 
odors might be produced at this plant with a better quality raw 
water.

Since 1955 the Town of Billerica has taken its water supply from 
the Concord River which is polluted to about the same extent as 
the Merrimack River. This water is treated by  a modern rapid 
sand filtration plant which regularly produces drinking water of 
high quality meeting in every respect the U. S. Public Health Serv
ice Drinking Water Standards.

Since the typhoid epidemics, many generations ago, the people 
in the Merrimack Valley, with the exception of those in the city of 
Lawrence, have frowned upon the use of the Merrimack River water 
for municipal supplies. Because of this prejudice, the people in



T a b l e  10. —  New England Interstate Water Pollution Control Commission Classification and Standards of Quality for Interstate IT' aters.
(As Revised and Adopted October 1, 1959.)

Class A. Class B. Class C. C l a s s  D.

S u ita b i l i t y  fo r  U se.

Suitable for any water use. 
Character uniformly excellent.

Suitable for bathing and recrea
tion, irrigation and agricultural 
uses; good fish habitat; good 
aesthetic value. Acceptable for 
public water supply with filtra
tion and disinfection.

Suitable for recreational boat
ing, irrigation of crops not used 
for consumption without cook
ing; habitat for wildlife and 
common food and game fishes 
indigenous to the region; indus
trial cooling and most industrial 
process uses.

Suitable for, transportation of 
sewage and industrial wastes 
without nuisance, and for 
power, navigation, and cer
tain industrial uses.

S ta n d a rd s  o f  Q u a lity .

Dissolved oxygen 
Oil and grease
Odor, scum, floating solids, 

or debris . . . .  
Sludge deposits .
Color and turbidity 
Phenols or other taste pro

ducing substances . 
Substances potentially toxic

Free acids or alkalies .

Not less than 75% sat. 
None

None
None
None

None
None

None

Not less than 75% sat. 
No appreciable amount

None
None
N ot objectionable

None
None

None

N ot less than 5 ppm 
Not objectionable

None
None
Not objectionable 

None
N ot in toxic concentrations or
combinations
None

Present at all times 
Not objectionable

Not objectionable 
N ot objectionable 
Not objectionable

Not in toxic concentrations or 
combinations
N ot in objectionable amounts

Radioactivity Within limits approved by the appropriate State agency with consideration of possible adverse effects in downstream waters from discharge 
of radioactive wastes; limits in a particular watershed to be resolved when necessary after consultation between States involved.

Coliform bacteria 1 Within limits approved Bacterial content of bathing 
waters shall meet limits ap
proved by State Department of 
Health and acceptability will 
depend on sanitary survey.

1 Sea waters used for the taking of market shellfish shall not have a median coliform content in excess of 70 per 100 ml.
N o t e . —  W a t e r s  f a l l i n g  b e l o w  t h e s e  d e s c r i p t i o n s  a r e  c o n s i d e r e d  a s  u n s a t i s f a c t o r y  a n d  a s  C l a s s  E .

T h e s e  s t a n d a r d s  d o  n o t  a p p l y  t o  c o n d i t i o n s  b r o u g h t  a b o u t  b y  n a t u r a l  c a u s e s .
F o r  p u r p o s e  o f  d i s t i n c t i o n  a s  t o  u s e ,  w a t e r s  u s e d  o r  p r o p o s e d  f o r  p u b l i c  w a t e r  s u p p l y  s h a l l  b e  s o  d e s i g n a t e d .
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the valley have been denied the use of a readily available water 
supply aggregating several hundred mgd even at extremely low 
flows. The water would, of course, have to be filtered and chlori
nated, as is the case at Lawrence, but there is no problem as to the 
quantity of water available. The quantity is much more than 
sufficient to supply all foreseeable needs of the entire valley.

Water could be taken from the river for use as municipal sup
plies at suitable points from the New Hampshire line to the lower 
regions where the tidal flows result in chloride concentrations which 
exceed the Drinking Water Standard of 250 ppm. The 1947 R e
port indicates that significant increases in chlorides may be expected 
only downstream from the Groveland Bridge. At the Groveland 
Bridge (station 3), the maximum chloride content found on 12-hour 
composites collected in August, 1963, was 67 ppm. The chloride 
content of the 12-hour composites collected at station 2 at Amesbury 
was 800 to 1,200 ppm on ebb tides and 5,400 to 12,600 ppm on flood 
tides. It. is probable that water could be taken for drinking purposes 
after treatment at points downstream from the Groveland Bridge, 
if pumping is limited to periods of low tide.

The city of Lowell has for many generations attempted to obtain 
a satisfactory water supply from ground water, but has found it nec
essary to treat this water for iron and manganese removal and to 
abandon some of the wells where the iron and manganese concen
tration became too great for satisfactory treatment. During the 
past few years, the city of Lowell decided to take water directly 
from the Merrimack River. A  new treatment plant was constructed 
and has been in operation since January, 1963.

The 1962 U. S. Public Health Service Drinking W ater Standards 
include no quality specifications for raw water to be used for drink
ing after treatment. The Manual of Recommended Water-Sanita
tion Practice (U. S. Public Health Service, 1946) is not to be con
sidered as part of the Drinking W ater Standards which must be 
met in order to obtain certification of a water supply. The Drink
ing Water Standards require a coliform count not greater than 
about 1 per 100 ml. The Manual recommends that (1) the coli
form count of raw waters requiring only chlorination should average 
not more than 50 per 100 ml in any m onth; (2) the coliform count 
of raw waters requiring complete rapid-sand filtration treatment or 
its equivalent, together with continuous postchlorination should 
average not more than 5,000 per 100 ml in any one month and
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should exceed this number in not more than 20 per cent of the 
samples collected in any one m onth ; and (3) the coliform count of 
raw waters requiring prechlorination in addition should average 
not more than 5,000 per 100 ml in any one month and should not 
exceed 20,000 per 100 ml in more than 5 per cent of the samples ex
amined in any one month.

A  study by  Graham W alton ( “ Effectiveness of Water Treatment 
Processes as Measured by Coliform Reduction,”  Public Health 
Service Publication No. 898, 1961) during 1954 to 1956 of data from 
about 60 municipal water treatment plants indicates that simple 
chlorination may be used effectively with somewhat higher load
ings in raw water than 50 coliforms per 100 m l; that coagulation, 
sedimentation and filtration without chlorination will remove less 
than SO per cent of the coliforms from low raw water bacteria load
ings and more than 99 per cent under high loadings; that pre
chlorination, coagulation and sedimentation are more effective in 
coliform removal than conventional rapid-sand filtration without 
chlorination; and that conventional rapid-filter plants with ade
quate chlorination, pre- and post-, can meet the Public Health 
Service Drinking W ater Standards with raw waters having coliform 
counts greatly in excess of 20,000 per 100 ml up to 1,000,000 or 
more. W alton found that chlorination, together with improvements 
in other processes, has made it possible to treat raw waters con
taining coliform bacteria loadings far in excess of the permissible 
loadings recommended in the Manual.

It should be emphasized that the U. S. Public Health Service 
Drinking W ater Standards for coliform bacteria do not take ac
count of the possibility of infections from pathogenic viruses. Out
breaks of gastroenteritis in the nature of intestinal influenza for 
which one or more viruses are suspected to be the causative agents 
seem to  be waterborne in some cases, even when the water com
plies with the usual bacterial standards of purity. The 1955-1956 
epidemic of the virus disease, infectious hepatitis, in Delhi, India, 
(Journal A W W A  51, 1288, 1959) was traced to a filtered and chlo
rinated water meeting the coliform standard of less than 2 per 100 
m l; and there was no reported concurrent increase in typhoid and 
dysentery. The virus of poliomyelitis has been recovered from 
sewage polluted waters and there is evidence that this disease may 
be waterborne in some cases. The isolation of the causative orga
nism in any waterborne disease from the water is impractical in any 
routine water examination. The isolation and counting of any of
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the viruses whether or not pathogenic is even more impractical in 
routine water examination because of the low counts and difficult 
testing techniques. The best solution currently available to  these 
difficulties is to use heavy doses of chlorine and long contact periods 
at municipal water treatment plants using heavily polluted raw 
waters. Further protection can be provided to  the public water 
supplies if all sanitary sewage discharged to the river is first sub
jected to heavy chlorination. This added protection of the public 
water supplies by the chlorination of sewage will also safeguard the 
use of the receiving waters for bathing and recreation and for shell
fish growing, which are discussed hereinafter.

The preceding survey of the sanitary quality of the Merrimack 
River water in Massachusetts (Chapter IV ) indicates that the 
carbon chloroform extract (CCE) exceeds the maximum concen
tration recommended in the 1962 Drinking W ater Standards. This 
defect is easily remedied by  the use of activated carbon at the filter 
plants taking raw water from the Merrimack River. This water 
treatment process is also necessary for the control of tastes and 
odors, although the threshold odor number of the Merrimack River 
water might be substantially reduced after the sewage treatment 
processes recommended in this report are in full operation.

The concentration of synthetic detergents in the Merrimack 
River water, as measured by the ABS, was found to  exceed the 
limit of 0.5 ppm recommended in the 1962 Drinking Water Stan
dards in some of the analyses of 12-hour composites collected in 
August, 1963. Because of the growing use of synthetic detergents 
in both homes and industries, the concentration of ABS may be 
expected to increase in the future in the M errimack River water. 
It will probably not be sufficiently high to  warrant the use of special 
treatment processes in the waste water treatment plants proposed 
in this report. Fortunately, ABS will be almost completely re
moved by the use of activated carbon in the water filtration plants. 
ABS is known to be almost completely collected on a carbon filter, 
but it is not present in the chloroform extract.

The standards of the New England Interstate W ater Pollution 
Control Commission shown in Table 10 indicate that waters which 
are acceptable for public water supply with filtration and disinfec
tion should have a quality standard corresponding to Class B or 
better. The U. S. Public Health Service Drinking W ater Stan
dards have never included any standard on dissolved oxygen con
centration, and the dissolved oxygen concentration in a drinking
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water has no bearing on its quality as a drinking water. W e rec
ommend that the Merrimack River from the New Hampshire line 
to a point just upstream from Amesbury be designated as a Class 
B water, so that it may be used for bathing and recreation, as a 
good fish habitat, and for public water supplies after suitable treat
ment. It will not be possible to meet this classification unless the 
dissolved oxygen standard is lowered from that shown in Table 10. 
W e recommend that the dissolved oxygen standard be changed to 
“ not less than 4 ppm .”  This standard can be met by suitable 
treatment of the wastewaters and it is sufficiently high for the 
fish which are indigenous to the region. It should be noted that 
during most of the year the oxygen concentration will be very 
much higher.

The quality standards for Class B waters in Table 10 show no 
limits for coliform bacteria to make the water acceptable for a 
public water supply after filtration and disinfection. A  coliform 
limit is included in the standard for Class B waters if they are to 
be used for bathing and recreation, and the limit is subject to the 
approval of the State Department of Health. The standard for 
coliform limits will be discussed more at length in the section on 
bathing and recreation.

Bathing and Recreation.
Table 10 distinguishes between the water quality standards for 

bathing and recreation and for recreational boating without bath
ing. A  limiting count of coliform bacteria is included for the former 
but not for the latter. Attention is called to the fact that all recrea
tional uses of a watercourse, such as boating, sailing, fishing, water 
skiing and skin diving, may include bathing. All include some 
water contact at times.

For the Merrimack River throughout its length from the New 
Hampshire line to the mouth of the estuary, we recommend that 
the term, “ Bathing and R ecreation” , include all boating, water 
sports, and other recreational activities having to do with the 
water of the Merrimack River and the estuary. W e recommend a 
single water quality standard to minimize infections in these uses 
of the water.

It should be emphasized at this point that the coliform count is 
the only water quality criterion in common use which relates to 
the transmission of infections and diseases through water. As pre-
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viously indicated, it is a safe index to the probability of infection 
by pathogenic bacteria, but it is not an adequate measure of the 
probability of infection by  viruses. In order to compensate for 
this defect, we recommend that all sanitary sewage discharging 
into waters to be used for bathing and recreation, including the 
sewage in overflows of mixed sewage and storm water from com 
bined sewerage systems, be subjected to heavy chlorination for con
tact times adequate to destroy most of the viruses as well as 
bacteria.

The standards of quality for bathing waters adopted by  various 
States range from a low M P N  of 240 per 100 ml to a high of 2,400 
per 100 ml. Field studies by the Public Health Service of hake 
Michigan at Chicago (Report of the Joint Committee on Bathing 
Places, APHA, 1957) showed a significant increase in illness among 
swimmers who used one beach on 3 selected days when the water 
had an average content of 2,300 coliforms per 100 ml. Simi
lar studies of the Ohio River at Dayton, Kentucky, showed that, 
despite the relatively low incidence of gastrointestinal disturbances, 
river swimming in water having a median density of 2,700 coliforms 
per 100 ml appeared to have caused a significant increase in such 
illnesses among the swimmers. On the other hand bathing beaches 
where the coliform counts run as high as 2,400 per 100 ml have been 
used without reported evidence of illness. It should be pointed out 
that it has not been the practice anywhere to chlorinate sewage with 
sufficiently high concentrations and sufficiently long contact periods 
to kill viruses. It should be evident, therefore, that much of the 
illness reported in the above surveys must have been due to viruses.

It has been previously indicated that chlorine doses and contact 
periods adequate for effective virus inactivation can be expected to 
effect a coliform. kill of 99.99 per cent. This is sufficient to reduce 
the coliform count in the receiving waters to about 1,000 per 100 
ml from concentrations without such treatment up to 10,000,000 
per 100 ml. In our judgment, a residual coliform count of 1,000 
per 100 ml is a poorer index of the safety of the water for bathing 
than the fact that chlorination has been used which is adequate to 
inactivate the viruses.

We recommend that a water quality standard be adopted for the 
Merrimack River throughout its length in Massachusetts which re
quires for bathing and recreation adequate chlorination of all sani
tary sewage to kill viruses and a coliform M P N  of less than 1,000 
per 100 ml. The primary reason for a limiting count of 1,000 rather
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than 2,400 is to protect the shellfish growing areas at Newburyport 
from residual coliform bacteria originating from large upstream
cities (see Chapter V I).

Since bathing and recreation will usually be limited to the six- 
warmer months of the year, chlorination may be discontinued dur
ing the winter for economy. If this occurs, the harvesting of clams 
must be discontinued during the period of inadequate chlorination.

The standard for Class B waters in Table 10 includes a specifica
tion for dissolved oxygen which is unnecessarily high for bathing 
and recreation and cannot be met by  any practical solution of the 
pollution problem. W e recommend a limit for dissolved oxygen of 
not less than 4 ppm for bathing and recreation. As shown herein
after, this standard can be met by  the pollution abatement program 
recommended in this report.

Fish and W ildlife.

It is reported that large salmon and shad fisheries existed in the 
Merrimack River until about 1800 when dams were constructed 
which prevented the salmon and shad from reaching their spawn
ing areas in the cooler upstream waters. If it is desired to regener
ate salmon and shad fishing in the Merrimack River, it will be nec
essary to construct adequate fishways at each of the dams on the 
river. These migratory fish require a higher concentration of dis
solved oxygen than the warm water fish, and prefer colder water 
than will prevail in the Merrimack River during the summer. 
Nevertheless, after the works recommended in this report are in 
full operation, the river water should be quite satisfactory for fish 
rims during the spring and fall.

Trout, which are cold water fish and require relatively clean 
water for spawning, are found now in nearly all of the tributaries 
of the Merrimack River. The Massachusetts Division of Fisheries 
keeps these tributaries in Massachusetts stocked with trout.

A t the present time, a large population of warm water fish spawns 
and lives in the Merrimack River. The Division of Fisheries has 
found that, since about 1950 after industrial pollution was reduced, 
a fish surplus exists in the Merrimack River in Massachusetts. 
Some of this surplus has been used to  stock other waters in the 
State. The types of warm water fish which have been found to be 
plentiful include such game fish as chain pickerel and large-mouth 
(black) bass; such fish as sunfish, bluegill, yellow perch and horned
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pout (bull heads), and such coarse trash fish as carp and suckers. 
Striped bass are found in Newburyport Harbor at the mouth of the 
river and occasionally as far upstream as Lawrence, and white 
perch come up the river to spawn in the tributaries and in the main 
river between Haverhill and Lawrence.

There is, of course, no control over discharge of pollutants into 
the Merrimack River at the present time. H eavy slugs of pollu
tion may be discharged at times, such as to cause excessive lower
ing of dissolved oxygen content. This may result, in sporadic fish 
kills at various points. M oreover, pollution loads are increasing 
with increases in population and the development of new industry. 
It is, therefore, desirable to set a standard of water quality in the 
Merrimack River which is suitable for warm water fish propaga
tion. We recommend for this purpose a minimum dissolved oxygen 
content of 4 ppm. The other water quality criteria for Class B 
waters noted in Table 10 might also be adopted provided the word 
“ none” is interpreted to mean “ almost none.”  It is not practicable 
to remove all of a polluting substance.

The first of a series of annual reports on the effects of pollution 
was issued by the U. S. Public Llealth Service under the title “ Pol
lution-Caused Fish Kills in 1960.”  The report covered the period 
from June 1, I960 through December. The greatest number of 
fish were killed by industrial wastes, followed closely by  agricul
tural poisons. Cyanide and metallic ions were the principal causa
tive agents in industrial wastes. Of the agricultural poisons, the 
most frequently reported causes were rotenone, D D T , 2-4-D, and 
endrin. Most of the substances in water which are known to be 
toxic to fish are also toxic to man and limits have been placed upon 
these substances in the 1962 Drinking W ater Standards.

As far as is knowm, there have been no fish kills in the Merri
mack River caused by cyanide or metallic ions such as lead, arsenic, 
and copper. The agricultural poisons have so far not been a prob
lem, but unless some effective control is exercised on the increased 
use of these sprays, these pesticides may become a problem to 
aquatic life in the future. It has been noted that there is a con
siderable removal of these pesticides by activated carbon in water 
filtration plants, so that water supplies taken from the Merrimack 
River are protected. This protection is not available to the aquatic 
life in the river, and treatment of the sewage and industrial wastes 
offers no protection because the primary source of the pesticides in 
the water is the runoff and drainage from land areas. The pollu-
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tion of the Merrimack River water by  agricultural pesticides must, 
therefore, be controlled at the points of use of these sprays.

It should be emphasized at this point that most of the controls 
over the use of toxic pesticides, until recently, have been based 
upon the residues on crops to be used for human consumption. 
Little or no consideration has been given to what happens to the 
remainder of the pesticide applied in the spray. The chlorinated 
hydrocarbons which include D D T  are very persistent. These chem
icals linger in the soil to which they may have been applied a dozen 
years before. They have entered and lodged in the bodies of birds, 
fish, reptiles, and domestic and wild animals so universally that it 
is difficult for scientists who are carrying on animal experiments 
to  find subjects free from such contamination. These chemicals 
pass through the soil in ground waters and reach our lakes and 
streams. Being fat soluble, they are accumulated and stored in 
living organs rich in fatty substances. Thus, they are removed 
from the water into living tissues of aquatic organisms.

The organic phosphorus insecticides destroy enzymes and attack 
the nervous system of living organisms. They are extremely toxic. 
On the other hand, they are relatively short-lived compared with 
the chlorinated hydrocarbons. Nevertheless , according to Miss 
Carson ( “ Silent Spring” , Houghton, Mifflin Company, 1962), resi
dues of organic phosphorous pesticides have been found in the peel 
of oranges six months after treatment with standard dosages.

The U. S. Fish and W ildlife Service rates the Merrimack River 
in Massachusetts as important for migratory waterfowl. This is 
particularly true of the salt marshes along Black Rock Creek in 
Salisbury and Plum Island River in Newburyport and Newbury. 
Newburyport Harbor and these smaller estuaries are now polluted 
with untreated sewage. Waterfowl, including sea gulls, may carry 
floating pollution from this area to neighboring water supply reser
voirs. M oreover, these birds are subject to poisoning by the care
less use of pesticide sprays.

Shellfish Growing.
A t one time, the Newburyport Harbor area, including the tribu

taries, was a very satisfactory growing area for clams. However, 
the sewage pollution of this area became so extensive by  1930 that 
the city of Newburyport was compelled to construct a chlorination 
plant for the chlorination of clams. This matter was discussed at 
length in the 1947 Report.



1964.] HOUSE —  N o. 3733. 85

Chapter VI. Required Degree of Treatment.

Coliform K ills.

To estimate the required coliform  kills for the estimated future 
conditions along the Merrimack River, it has been assumed that 
coliform bacteria will be discharged into the sewers at an average 
rate of 200 billion coliforms per day per person. It has been as
sumed further, for simplicity, that the loads of coliform bacteria 
will be concentrated at Lowell, Lawrence, Haverhill, and at a 
point between Amesbury and Newburyport. The load at Lowell 
is assumed to include Chelmsford, Tewksbury, Billerica, Dracut 
and Westford. The load at Lawrence is assumed to include M e
thuen, Andover and North Andover. The load at Haverhill is 
assumed to include Groveland. The load between Amesbury and 
Newburyport is assumed to include Amesbury, Merrimac, Salis
bury and Newburyport. The total future loads of coliform bac
teria in the sewers are based upon the estimated future populations 
for the year 2010, as shown hereinbefore.

In order to have a starting point for the estimates, it has been 
assumed that the total load at Nashua is based on a future popu
lation of 74,000. It has been assumed further that the die-off rate 
of coliform bacteria in the river will correspond to the average die
off rate found in the Ohio River by  the Public Health Service from 
April to November, 1914, 1915 and 1916 (see Fig. 54 “ Water and 
Its Impurities’ -' by Thomas R. Camp, Reinhold Publishing Cor
poration, 1936).

Fig. 32 shows the estimated die-off curves in the Merrimack 
River at the critical design flow of 1,000 cfs and for the estimated 
future populations for the year 2010. The upper graph in Fig. 32 
shows the coliform M P N ’s which would be expected with no treat
ment of sewage to effect coliform kills. For comparison, the actual 
average M PN ’s of August, 1963, as shown in Column 6 of Table 7, 
are indicated by X ’s on Fig. 32.

The lower graph on Fig. 32 shows the estimated die-off curve for 
the year 2010 with the required kills at each point of pollution to 
maintain a coliform concentration of not greater than 1,000 per 
100 ml upstream from the shellfish growing areas, and not greater 
than 700 per 100 ml at the shellfish growing areas near Newbury
port. In order to maintain a concentration not greater than 1,000
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at Nashua, an estimated removal of 99.83 per cent will be required 
at Nashua. The estimated coliform kills required at the other 
points of pollution, as shown on Fig. 32, are 99.94 per cent at 
Lowell, 99.97 per cent at Lawrence, 99.89 per cent at Haverhill, 
and 99.81 per cent at Newburyport Harbor.

A t higher river flows, the time of flow is less, and the coliform 
die-off curves are flatter. A  study has been made of the die-off 
and required kills at the mean river flow of 5,000 cfs at Lowell. 
This study shows that starting with a limiting count of 1,000 per 
100 ml at Nashua and using the removals shown in Fig. 32 for 
Lowell, Lawrence and Haverhill, the required removal in the 
Newburyport area is reduced to 99.2 per cent.

As indicated in Chapter IV, overflows of mixed raw sewage and 
storm water from the proposed dry weather flow interceptors for 
combined systems may be expected nearly every time it rains. 
This will take place at Lowell, Lawrence and Haverhill. As indi
cated in Chapter IV , approximately 30 per cent of the total annual 
production of coliform bacteria in the combined sewer systems may 
be expected to  overflow during rainstorms which take place only 
about 5 per cent of the time. Very heavy slugs of pollution will 
go overboard, therefore, about every 5 or 6 days on the average. 
Very heavy chlorination of this mixed sewage and storm water is 
mandatory, therefore, if the coliform counts in the receiving waters 
are to be kept below 1,000 per 100 ml as recommended for the up
stream cities and below 700 per 100 ml as recommended for New
buryport Harbor. Other remedies for this combined sewer prob
lem are discussed at some length at the end of this chapter.

Oxygen Balance Studies.

T he D issolved  O xygen  Sag Curve.

Oxygen balance studies of a polluted stream usually result in one 
or more dissolved oxygen profiles along the course of the stream. 
Such a profile is referred to as a dissolved oxygen  sag curve. The 
objective of pollution abatement is to remove sufficient BOD so 
that the minimum oxygen concentration at the bottom  of the sag 
is not less than some predetermined standard; 4 ppm is recom
mended in this report. The methods used in this report were de
veloped in some detail by  Camp (“ W ater and Its Impurities,” 
Reinhold Publishing Corporation, 1963). It is assumed that the
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rate of deoxygenation is proportional to the BOD remaining to 
be satisfied, that the rate of atmospheric reaeration is proportional 
to the degree of undersaturation of dissolved oxygen, that the rate 
of settling out of decomposable organic matter, as measured by its 
BOI), is proportional to the BOD remaining to be satisfied, and 
that the rates of addition of BOD from the bottom  deposits and 
of dissolved oxygen from photosynthesis are constant. The errors 
introduced by these simplifying assumptions will be of minor im
portance if the oxygen balance equations are applied to relatively 
short reaches of receiving waters in which the rate constants will 
change very little.

In order to obtain practical and useful answers in oxygen bal
ance studies, it is essential to assume steady-state conditions. It is 
assumed herein that the flows, temperatures, BOD loads, and rate 
constants at each point remain constant with time. It is further 
assumed that the concentration of BO D  and dissolved oxygen is 
uniform over the cross section at any river station. Since in most 
cases there will be variations in pollution loads, flows and tempera
tures throughout the 24 hours, variations in oxygen produced by 
photosynthesis throughout each 24 hours, and there will be slugs 
of pollution and imperfect mixing with the receiving waters, the 
assumption of steady-state conditions will introduce far greater errors 
than will inaccuracies in the determination of rate constants.

In this study, a critical design flow of 1,000 cfs at Lowell has been 
adopted, together with a water temperature of 25° C. The param
eters have been estimated from water samples collected during 
the 1962 and 1963 surveys, during which the flow was somewhat 
greater than the critical design flow and the water temperatures 
ranged from a low of about 15° C to a high of about 28° C.

In this study, no account has been taken of the nitrification stage 
of deoxygenation. It has been assumed that all deoxygenation 
which takes place occurs as first stage deoxygenation. The total 
first stage oxygen demand at any river station is indicated by  L. 
The portion of this oxygen demand remaining af ,.er t days deoxygen
ation, Lt, is given by equation (1), in which k x is the so-called de
oxygenation rate constant.

Lt = L ‘ 10~k lt  (

The value of the deoxygenation constant increases somewhat with 
increases in temperature of the water, but it also varies widely, de-
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pending upon the character and age of the waste. The value of 
Kx for each station must be determined by BO D  bottle tests.

The amount of oxygen used up in t days, X t, is given by equa
tion (2).

Xt = L (l-10~klt) (2)

It is to be noted that X t plus Lt is equal to L.
It is to be emphasized that the change in the value of L with 

time of flow downstream from any river station does not conform 
to the change which takes place in the BO D  bottle test, even if 
the test is made at the same water temperature which exists in the 
river. The reason for this discrepancy is that a part of the BOD 
is removed from the water by settling out to the bottom of the 
river, and BOD is added to the overlying waters from the anaerobic 
decomposition of the bottom  deposits. Equations (1) and (2) can
not, therefore, be used to estimate the BO D  at a downstream river 
station from the known BO D  at an upstream river station.

Assuming steady-state conditions in a reach of stream between 
an upstream station “ a ”  and a downstream station “ b ” , into 
which reach there is no incremental discharge of BOD pollution 
load, the relation between the values of L at the two stations is 
as follows:

T „ _
Mo 2 . 3(k^ + kg)

10
- (k i  + k3)t

2 .3 (k 1 + k3) (3)

where L a and L), are in ppm t is the time of flow in days between 
stations a and b, k3 is the rate constant for the settling out of BOD 
to the bottom  deposits in ppm  per day and p is the rate of addition 
of B O D  to the overlying water from the bottom  deposits in ppm 
per day.

It has been shown by  Fair, et al (Sewage W orks Journal, 13, 
170, 1941) and by Camp (“ W ater and Its Impurities”  p. 301) 
that the oxygen demand of bottom  deposits is controlled by  diffu
sion upwards into the overlying water of products of anaerobic de
composition within the bottom  deposits. The oxygen demand of 
bottom  deposits may be expressed as an areal demand, grams per 
square meter per day, or in parts per million per day. The value
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p in ppm por day is equal to the areal demand in grams per square 
meter per day divided by the hydraulic depth of the stream in 
meters. The hydraulic depth of the stream is the total volume in 
the reach divided by the water surface area. The areal oxygen 
demand of the bottom  deposits may be evaluated experimentally 
at selected representative points in the river by the technique used 
by Fair, et al. The average value of p for the reach may then be 
estimated from the results of the point determinations of areal 
oxygen demand.

The values of La and L h may be determined directly from BOD 
bottle tests of samples collected from the river at stations a and b 
at the same time that determinations are made for k,. If the time 
of flow, t, is estimated at the time of sampling and p is estimated 
as described above, equation (3) may then be used to estimate the 
value of k3.

Equation (3) is limited to reaches of a stream which contain 
measurable quantities of dissolved oxygen. It cannot be used 
in reaches where the dissolved oxygen concentration has been re
duced to zero by bacterial decomposition of organic matter.

The degree of undersaturation of dissolved oxygen in the river 
vatoi at a river station, designated as D, is the difference between 
the saturation concentration of dissolved oxygen and the actual 
concentration of dissolved oxygen. It is convenient to compute 
the oxygen sag curve in terms of the saturation dencit. The oxygen 
deficit at station b, in terms of the deficit at station a and the other 
parameters, is given by equation (4) as follows:

Dh =
____1_____
k2 - k j -  k3

kl

a 2 .3 (k 1 + k 3) 10 ' ( k l + k3)t _ 10-k 2t

a
2. 3(ki + k3) 2 .3  ki

(4)

(1 -  10 k2t) + Da * lO- ^ 1

vhere Db and D a are in ppm, k.2 is the atmospheric reaeration rate 
constant, a is the rate of production of dissolved oxygen by algae 
through photosynthesis in ppm per day and the other parameters 
are as previously defined.

*mce the derivation of equation (4) includes the value of L b, as 
given by equation (3), its usefulness is limited to reaches in which
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there is a measurable amount of dissolved oxygen. Equation 14) 
may be used in the evaluation of the atmospheric reaeration con
stant, k2, after all other parameters have been evaluated. The rate 
of production of dissolved oxygen by  photosynthesis, designated 
by  a, must be evaluated separately by  the light- and dark-bottle 
technique. In this method, samples of water are collected at pre
selected depths at several preselected points in a river. Portions 
of each sample are placed in bottle pairs, one of each pair in clear 
glass to be left exposed to natural light, and the other covered with 
an opaque material to exclude light completely. Another portion 
of each sample is analyzed to determine the initial concentration of 
dissolved oxygen. Each pair of bottles is immediately suspended 
at the test depth at which the sample was collected, and exposed 
for any desired period —  usually 24 hours, or multiples thereof. 
At the end of the exposure period, the bottles are retrieved and 
analyzed for final dissolved oxygen concentration. The loss of 
oxygen from the dark bottles represents BOD. The change in 
oxygen content in the light bottles is the net result of both BOD 
and photosynthesis. The difference between the final dissolved 
oxygen concentrations represents the oxygen produced by photo
synthesis during the exposure period. The value of a for each 
point of analysis and exposure depth is the oxygen produced di
vided by  the exposure period in days. The value of a to be used 
in the equation (4) is the average value in the reach for the hy
draulic depth of the stream.

Under steady-state conditions at a point in the receiving waters, 
both D  and L are constant (preferably averaged over a period of 
several days), and the rate of supply of oxygen is equal to the 
rate of deoxygenation as follows:

2.3 k2 D + a  = 2.3 k]L (5)

The value of k 2 may be estimated from  light- and dark-bottle oxygen 
analyses by  means of equation (5), if k 1; L and D  are determined. 
The value of 2.3 k iL  may be estimated from the 1-day BOD, if 
the value of kt is known. For k x values of 0.04, 0.07 and 0.10, the 
corresponding values of 2.3 k xL are 1.01, 1.074 and 1.12, respec
tively, times the 1-day BOD.

The portion of the river from upstream of Haverhill to  the ocean
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is subjected to longitudinal mixing by  the ebb and flow of the tides. 
If longitudinal mixing is an important factor, equation (3) becomes:

Lb = _____ 2____
2. 3(ki + k3)

ii ^
10 J + P

2 - 3 ( k i + k3) (6)

where x is the distance in miles between stations a and b, and ji is 
as follows:

U  -*
2 . 3 (k i + k3)

j 1 = 0 .4 3 4 2 G \ v ■

4 e "

- f - -------------------------
e (7)

In equation (7), U is the average velocity of the river in miles per 
day and e is the longitudinal mixing coefficient in square miles 
per day.

Similarly, the oxygen deficit equation between stations a and b 
becomes:

(8)

V i k2 - ki " k3
La 2 .3 (k 1 + k3) (10

j ] X i o J 2 X )

*2

in which 
j2 = 0.434

2 .3 (k 1 + k S) 2 .3  ky ( l - 1 0 j2X ) + Da • 10j2X

u 2 h 2 .3  k2

L  \ 4 £ 2 €

(9)

The turbulent transport coefficient, e, for an estuary may be 
evaluated for a particular stream flow from the steady-state con
centration profile of chlorides, provided the velocity, U, is not neg- 
'gible and provided vertical stratification of chlorides is not pro
nounced. The equation to be used for this evaluation of e is as 
follow's:

-0 .4 3 4
U xS — S q  * 10 e ( 10)
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where s0 is the salinity or chloride concentration at the mouth of 
the river and x is the distance in miles upstream to a station where 
the chloride concentration is s. The values of s and s0 to be used 
are the average values for the tidal cycle.

E valuation  o f  Param eters.

The deoxygenation parameters estimated from the results of the 
1962 survey are presented in Table 11. The 3-day and 7-day 
B O D ’s for each day at each station are the averages of six deter
minations made on 12-hour composites. The 5-day B O D ’s are 
estimated from the 3-day and 7-day B O D ’s. The values of the de
oxygenation constant kx are also estimated from the 3-day and 7- 
day BO D  values. The deoxygenation parameters for the 1963 sur
vey are shown in Table 12. For this survey, the 3-day and 7 -day 
B O D ’s are the averages of 4 determinations made on 12-hour 
composites. The 5-day B O D ’s and the values of the deoxygena
tion constants are estimated as described above for the 1962 survey.

The values for the 5-day B O D ’s in pounds per day were esti
mated from tire concentrations and the river discharge rates at 
Lowell. The maximum BO D  observed in the 1962 survey is equiv
alent to the B O D  in the domestic sewage from a population of about
525,000, and the maximum BO D  observed during the 1963 survey 
is equivalent to  the BO D  in the domestic sewage from a population 
of about 650,000.

Additional parameters which were used for the evaluation of k2 
and k3 from the results of the 1962 and 1983 surveys are shown in 
Table 13. For this purpose, equations (3) and (4) were used for a 
6.0-mile reach between Lowell and Lawrence and a 6.1-mile reach 
between Lawrence and Haverhill in 1962 and in 1963, and an 8.8- 
mile reach between Haverhill and Amesbury in 1963. The L-values 
for each river station were computed from the 5-day B O D ’s and 
reasonable average values of kq adopted from the data of Tables 
11 and 12. Because of the extreme ranges in water temperatures 
during the 1962 and 1963 surveys, no effort was made to correct 
the parameters for temperatures other than the 20° C temperature 
of the bottle BOD tests. It will be observed from Tables 11 and 12, 
moreover, that the values of the deoxygenation constant at 20° C 
varied widely from day to day for each station.

For the 1962 survey data, the BOD and dissolved oxygen values
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for Thursday were used for the upstream stations of each reach and 
BOD and dissolved oxygen data for Friday were used for the down
stream ends of each reach. This was done to partially compensate 
for changes taking place during the time of flow in the reach. The 
values of the dissolved oxygen concentration shown in Table 13 
are the averages of all of the concentrations determined during the 
24-hour period at each station. Fluctuations of about 1 ppm above 
and below the average were observed throughout the 24 hours be
cause of tidal effects and because photosynthesis is limited to the 
daylight hours.

T a b l e  11. — Deoxygenation Parameters from 1962 Survey.

Date .
Day of week 
River flow, cfs

9 /20 /62 
Thursday 
2,100

9 /21 /62
Friday
2,060

9 /22 /62
Saturday
1,510

9 /23 /62 
Sunday 
940

Station below Lowell at 
River Mile 37.4

3-day/7-day, 2G° C BOD, ppm /ppm 4.13/7.53 
5-day, 20° C BOD, ppm . 5.83
5-day, 20° C BOD, lbs /day . . 65,700
ki, 20° C ........................................0.06

3.76/6.33 3.20/5.20 
5.05 4.20
54,900 34,200
0.08 0.10

2.67/4.77
3.72
18,800
0.06

Station above Lawrence at 
River Mile 31.4

3-day /7-day, 20° C BOD, ppm /ppm 2.87/6.27 
5-day, 20° C BOD, ppm . . 4.56
5-day, 20° C BOD, lbs/day . . 51,500
k i , 2 0 ° C ........................................0.02

3.20/5.10
4.10
45,400
0.09

2.23/4.40
3.32
27,100
0.04

2.63/4.95
3.79
19,100
0.05

Station below Lawrence at 
River Mile 26.2

3-day/7-day, 20° C BOD, ppm/ppm 5.50/9.73 
5-day, 20° C BOD, ppm . . 7.61
5-day, 20° C BOD, lbs /day . . 85,800

20° C ....................................... 0.06

6 .50/9 .34 4.90/7.83 
7.92 6.37
87,600 52,000
0.13 0.10

4.23 /7 .37 
5.80 
29,300 
0.08

Station above Haverhill at 
River Mile 20.1

3-day /7-day, 20° C BOD, ppm /ppm 4.17/7.90 5.00/7.66 
5-day, 20° C BOD, ppm . . 6 . 0 3  6.33
5-day, 20° C BOD, lbs /day . . 68,000 70,000
k>-20° C .......................................  0.05 0.11

3.67/6.23
4.95
40,400
0.08

3.50 /5 .77 
4.63 
23,400 
0.10
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T able 12. —  Dcoxygenation Parameters from 1963 Survey.

D a t e .........................................  7 /31/63-8 /1 /63 8 /7 /63-8 /8 /63  8/14/63-8/15/63
Day of week . . . . Wed.-Thurs. Wed.-Thurs. Wed.-Thurs.
River flow, cfs . 1,330 1,360 1,330

Station below Lowell at 
River Mile 37.4

3-day/7-day, 20° C BOD, ppm/ppm 4.46/8.00 -
5-day, 20° C BOD, ppm 6.23 -
5-day, 20° C BOD, lbs /day 44,500 -
kb 20° C ......................................... 0.07

Station above Lawrence at 
River Mile 31.4

3-day /7-day, 20° C BOD, ppm /ppm 3.25/6.55 4.35/8.40 3.80/7.60
5-day, 20° C BOD, ppm 4.90 6.37 5.70
5-day, 20° C BOD, lbs /day 35,000 46,600 40,800
kh 20° C ......................................... 0.04 0.05 0.04

Station below Lawrence at 
River Mile 26.2

3-day /7-day, 20° C BOD, ppm /ppm - 7.60/18.50 11.40/18.70
5-day, 20° C BOD, ppm . - 13.00 15.10
5-day, 20° C BOD, lbs /day - 95,000 108,000
ki, 20° C ......................................... - 0.01 0.09

Station above Haverhill at 
River Mile 20.1

3-day /7-day, 20° C BOD, ppm /ppm - 5.25 /12.08 4.20/9.00
5-day, 20° C BOD, ppm - 9.16 6.60
5-day, 20° C BOD, lbs /day - 66,900 47,200
ki, 20° C ......................................... 0.01 0.03

Station below Haverhill at 
River Mile 15.7

3-day /7-day, 20° C BOD, ppm /ppm - 4.36/9 .07 5.25/9.30
5-day, 20° C BOD, ppm - 7.21 7.27
5-day, 20° C BOD, lbs /day - 52,600 52,000
ki, 20° C ......................................... — 0.03 0.07

Station above Amesbury at 
River Mile 6.9

3-day /7-day, 20° C BOD, ppm /ppm - 2.92/4.99 3.08/6.08
5-day, 20° C BOD, ppm - 3.95 4.58
5-day, 20° C BOD, lbs /day 28,800 32,800
ki, 20° C .......................................... 0.09 0.05
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T a b l e  13. A dditional Data for Evaluation of Parameters.

Below Lowell 
(River Mile 37.4) 

to above Lawrence 
(River Mile 31.4).

Below Lawrence 
(River Mile 26.2) 

to above Haverhill 
(River Mile 20.1).

Below Haverhill 
(River Mile 15.7) 

to above Amesbury 
(River Mile 6.9).

1962
Analyses.

1963
Analyses.

1962
Analyses.

1963
Analyses.

1962
Analyses.

1963
Analyses.

Ewer flow, cfs . 2,100 1,300 2,100 1,300 1,300
Distance, miles . . . . 6.0 6. 0 6.1 6.1 _ 8.8
Average velocity, fps . 0.70 0.44 0.65 0.40 _ 0.21
Time of flow, days 0.53 0.83 0.57 0.93 _ 2.60
h ........................................... 0.08 0.06 0.09 0.06 - 0.07

Conditions a t “ a ”
5-day, 20° C BOD, ppm . 5.83 6.23 7.61 13.00 _ 7.21
L, p p m ................................... 9.65 12.50 11.70 26.0 _ 13.10
Water temp, 0 C 17 28 17 27 _ 25
0-2 sat., ppm . . . . 9.4 7.8 9.4 7.9 _ 8.1
O2 cone., ppm . . . . 6.5 4.3 5.0 2.4 _ 1.2
D, p p m .................................. 2.9 3.5 4.4 5.5 - 6.9

Conditions at “ b ”
5-day, 20° C BOD, ppm . 4.10 4.90 6.33 9.16 _ 4.30
L, p p m .................................. 6.73 9.80 9.70 18.40 _ 7.83
Water temp, 0 C 18 27 17 27 _ 22
02 sat., ppm . . . . 9.3 7.9 9.4 7.9 _ 8.8
O2 cone., ppm . . . . 6.0 4.0 4.2 2.1 _ 4.2
D, p p m .................................. 3.3 3.9 5.2 5.8 ~ 4.6

An attempt was made to develop apparatus for the continuous 
measurement in situ of the BO D  diffusing into the overlying waters 
from the bottom deposits at selected points in the river. The ap
paratus was not perfected in time to secure results to be used for 
this report. Accordingly, samples of river mud wrere collected for 
analysis in August, 1963, between Lowell and Lawrence, as described 
in Chapter I\ . The analyses of these samples have been used to 
obtain an approximate estimate of the value of p through comparison 
with the analysis of the river mud used by  Fair, et. al (See Table 38, 

Plater and Its Impurities”  by  Camp). The synthetic river mud 
prepared by Fair, et al (Sewage W orks Journal, 13, 273,i 1941) from 
a mixture of fine sand and fresh sewage sludge had a volatile solids 
content of 13.85 per cent on a dry basis. The 10 cm layer of this 
synthetic mud had an initial oxygen demand of 4.65 grams per 
square meter per day. The average volatile solids content of the 
■ 0 samples of river mud collected between Lowell and Lawrence in 

63 was 2.4 per cent. Assuming the oxygen demand of the bottom  
eposits is directly proportional to the volatile solids content, and
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directly proportional to the depth of the mud, the oxygen demand 
of the mud between Lowell and Lawrence would be about 2.4 
grams per square meter per day. For a hydraulic depth of 3 meters, 
the corresponding value of p  is 0.8 ppm per day. A  value of p of 
1 ppm per day has been adopted as reasonable for the conditions 
in the Merrimack Itiver during the 1962 and 1963 studies.

For a period of 15 days, starting August 14, 1963, light- and dark- 
bottle studies were made at 3 points on the Merrimack River 
between Lowell and Lawrence. The samples were collected daily 
and the bottles were immersed daily off the ends of 3 piers on 
the north side of the river at river miles 31.0, 33.9, and 36.1. Three 
bottle pairs were used at 3 different depths. The depth of the 
top pair below the water surface ranged from 0.5 ft to 2.5 ft during 
the series. The depth of the bottom  pair ranged from 5 ft to 8 ft, 
and the middle pair from 3 to 5 ft. Samples were collected, analyzed 
and immersed about 5 p .m . and were withdrawn for final analysis 
after about 24 hours of submersion. The values of a for each of 
the bottle pairs ranged from about 0.55 ppm per day to 2.9 ppm per 
day and averaged 1.3 ppm  per day. Inasmuch as about 30 per cent 
of the volume of the river water was below the zone within which 
photosynthesis takes place, the average value of a for the stream 
for this reach was approximately 1.0 ppm per day.

The 1-day B O D ’s for the dark bottle ranged from less than 1 ppm 
to  about 2 ppm. The temperature of the water at the time of 
sampling ranged from 72° F to 77° F throughout the series. Using 
the saturation values for dissolved oxygen at these temperatures and 
a value of k : of 0.06, k2 was computed by means of equation (5). 
The values of k2 ranged from  a low of 0.005 to a high of 0.22. Two 
thirds of the values of k2 were between 0.02 and 0.04, 5 per cent was 
less than 0.02 and 29 per cent was greater than 0.04.

Total counts of microscopic organisms were made for each sample 
collected for the light- and dark-bottle series. The counts ranged 
from 250 to 14,100 and averaged 4,200 areal standard units per ml. 
It appears that a concentration of about 4,200 areal standard units 
per ml will produce approximately 1 ppm of dissolved oxygen in the 
river by  photosynthesis. Counts of microorganisms were also 
made on 12-hour composite samples collected on September 20 
and 21, 1962. These counts ranged from 2,900 to  9,080, averaging 
5,200 areal standard units per ml.

The light- and dark-bottle studies in August, 1963, indicate a sub
stantial production of dissolved oxygen by  photosynthesis and
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values of k2 very much lower for a stream of the type of the M er
rimack River than was previously thought to be the case. It is 
evident that reliance must be placed upon the photosynthetic pro
duction of dissolved oxygen, and the counts of microscopic or
ganisms indicate that the algae will be present.

The chloride concentration during the special survey in August, 
1963, ranged from 11,600 to 17,000 ppm at the mouth of the river, 
from 800 to 12,600 ppm at river mile 6.8, and from 23 to 67 ppm at 
river mile 15.4, based on analyses of eight different 12-hour com 
posites. The average concentration at the mouth of the river was 
14,800 ppm, at river mile 6.8 was 4,800 ppm, and at river mile 15.4 
was 32 ppm. In order to compute the value of e from equation (10), 
interpolations were made to estimate the chloride concentration at 
river miles 3, 7, 10 and 13. The corresponding concentrations were 
9,400, 4,400, 2,200 and 800 ppm. The values of e estimated by 
means of equation (10) were 5.5 square miles per day at river mile 3, 
4.9 at river mile 7, 4.5 at river mile 10, and 3.8 at river mile 13. The 
value of the average river velocity in this reach was assumed to be 
0.84 miles per day (0.05 ft per second). A  value for e of 4 square 
miles per day was adopted as reasonable for the reach from Haver
hill to the ocean.

The results of the trial and error computations of the oxygen 
balance parameters by means of the foregoing equations are sum
marized in Table 14. It is pertinent to note that the removal of 
BOD in the river in the presence of dissolved oxygen is proportional 
to the sum of the values of kx and k3. A  study of the table indicates 
that, during the 1962 survey, from 74 per cent to 86 per cent of the 
BOD removed in the reach from Lowell to Lawrence was removed 
by settling out to the bottom  for assumed values of p ranging from 
0.15 to 5.0. For the probable value of p of 1.0, 77 per cent of the 
BOD removal was effected by  settling out. For this same reach, 
the 1963 survey indicates that 65 per cent to 82 per cent of the BOD 
removed was by settling out, with a probable value of 65 per cent.

For the reach between Lawrence and Haverhill, the 1962 survey 
values indicate that 36 per cent to 72 per cent of the BOD removed 
was removed by settling for p values ranging from zero to 5.0. For 
the probable value of p of 1.0, 52 per cent of the BOD removed was 
by settling. Similarly, for this reach the 1963 analyses indicate 
that 68 per cent to 77 per cent of the B O D  removed was by settling.

For the reach from Haverhill to Amesbury, the 1963 analyses 
indicate that about 46 per cent of the BOD removed was by settling,



T a b l e  14. — Estimates of Oxygen Balance Parameters from 1962 and 1963 Surveys.
oc

B e l o w  L o w e l l  ( R i v e r  M i l e  37.4) t o  
a b o v e  L a w r e n c e  ( R i v e r  M i l e  31.4).

B e l o w  L a w r e n c e  ( R i v e r  M i l e  26.2) t o  
a b o v e  H a v e r h i l l  ( R i v e r  M i l e  20.1).

B e l o w  H a v e r h i l l  ( R i v e r  M i l e  15 .7 ) to  
a b o v e  A m e s b u r y  ( R i v e r  M i l e  6 .9 ) .

Water
Temp. k , p» k , k 2

Water
Temp. k j P *  ^ 3  a *  ^ 2

Water
Temp. k , p* k a a *  k ?

Values Estimated, Using the 1962 River Analyses.

0.15 0.23 0 0.10 17° C 0.09 0 0.05 0 0.09
1.0 0.27 0.5 0.02 0 0.05 0.5 0.03
1.0 0.27 1.0 < 0.01 1.0 0.10 0.5 0.03
1.0 0.27 1.3 < 0.01 1.0 0.10 1.0 < 0.01
2.0 0.33 0 0.10 5.0 0.24 1.0 < 0.01
5.0 0.49 0 0.10

Values Estimated Using the 1963 River Analyses.

27-28° C 0.06 1.0 0.11 0 0.13 27° C 0.06 1.0 0.13 0 0.22 22-25° C 0.07 0 0.02 0 0.19
1.0 0.11 0.5 0.05 1.0 0.13 0.5 0.18 1.0 - 0.06 0 0.19
1.0 0.11 1.0 0.01 1.0 0.13 1.0 0.12 1.0 - 0.06 1.0 0.11
5.0 0.27 1.0 0.01 1.0 0.13 2.0 0.05 1.0 - 0.06 2.0 0.04

5.0 0.20 2.0 0.05 5.0 - 0.25 2.0 0.04
0.5 0.02 0.5 - 0.04 0.5 0.15

21-24° C 0.06 to 1.0 0.04 0.5 4.0 0.05 0.5 0.15
(From 1963 light- and dark-bottle tests.) 0.5 30 0.08 0.5 0.17

* The values of p in the columns for 1962 and 1963 river analyses were assumed in order to estimate the corresponding values of k 8. The values of a  in these columns were 
also assumed in order to estimate the corresponding values of k 2. The values o f « for the reach below Haverhill were assumed in order to estimate both k , and k 2. Approximate 
determinations in the light- and dark-bottle tests indicated that «  ranged from 0.02 to 0.04 in the reach above Lawrence. From analyses of mud samples in the reach above 
Lawrence, it was estimated that the approximate value of p was 1.0.
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assuming a value of p of 1.0. For values of p ranging from zero to
5.0 for this reach, some 22 per cent to 78 per cent of the BOD re
duction was by settling out to the bottom.

The significance of the above-discussed findings is that primary 
sedimentation for the removal of substantially all settleable solids 
will not prevent bottom  deposits. M ost of the BOD which settles 
out in the stream consists of solids which are formed by  biofloccu
lation within the stream.

A study of Table 14 indicates that the value of k2 estimated by 
means of equation (4) is affected very little by  the value of p and k3. 
On the other hand, the value of k2 computed by  means of equation 
(4) is affected greatly by the amount of oxygen produced by photo
synthesis, a. Some of the trial computations for k2 by means of 
equation (4) indicate that all of the dissolved oxygen might be 
produced by photosynthesis (k2 equals zero). Of course, this 
is rot the case, as has been shown so clearly by the results of light- 
and dark-bottle tests. Whenever the oxygen concentration in the 
river water is less than saturation, there must be some solution of 
dissolved oxygen from the atmosphere. The light- and dark-bottle 
tests and the computations by means of equation (4) both show that 
the value of k2 for the Merrimack River is considerably less than 
indicated by the literature for streams of this type; and that ap
proximately two thirds of the dissolved oxygen was furnished by 
photosynthesis.

Required Removal o f  B O D .

In order to estimate the required removal of BO D  at each point 
of pollution, oxygen sag curves have been computed for the critical 
design flow of 1,000 cfs at Lowell at a water temperature of 25° C. 
As a result of the studies summarized in Table 14, oxygen balance 
parameters have been adopted for these computations. These 
parameters are shown in Table 15. T o  simplify the computations, 
the increments of BOD pollution in Massachusetts have been as
sumed to be concentrated at Lowell, Lawrence and Llaverhill. 
Table 16 shows the estimated pollution increments for 1963, for the 
time when the treatment plants to be constructed initially have 
reached their capacities, and for the year 2010. The treatment plant 
capacities are based upon the BOD loads for the present population 
pius about one third of the estimated increase between 1963 and 
the year 2010.
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T able 15. — Oxygen Balance Parameters adopted for computing Oxygen Sag Curves.

T y n g s b o r o u g h  B r i d g e  
t o  L a w r e n c e .

L a w r e n c e  
t o  H a v e r h i l l .

H a v e r h i l l  t o  
M o u t h  o f  R i v e r .

k i p  k 3 a k 2 k  i p  k 3 a  k 2 k i  p  6 k j  a k2

Values Adopted for Existing River Conditions at 25° C.

0 .06  1 .0  0.11 0 .5  0 .04 0 .06  1 .0  0 .13  1 .0  0 .07 0 .07  0 .5  4 .0  0 .05 0 .5  0.15

Values Used for River at 25° C after Treatment Plants are in Operation.

0.05 0 .5  0 .07 0 .3  0.04 0 .0 5  0 .5  0 .08  0 .5  0 .07 0 .05  0 .3  4 .0  0 .05  0 .3  0.15

T able 16. — Estimated Pollution Increments, lbs per dag, 5-day, 20° C BOD.

1963. T.P. Capacity. 2010.

N e w  H a m p s h i r e .................................................................... 34,300 16,000 16,000

Lowell Region .................................... 25,500 32,000 44,100

West f o r d ............................................. j
- 450 1,350
- 220 670

T e w k s b u r y ............................................. J 230
1,040

400
3,100

750

B i l l e r i c a ...................................................... 3,700 7,600 15,300

L o w e l l ............................................................................................... 29,430 41,710 65,270

L a w r e n c e .................................................................................. 41,700 53,000 76,000

Haverhill R e g io n ............................................. 17,300 23,000 34,600
A m e s b u r y ...................................................... 2,600 3,000 3,700
M e r r i m a c ...................................................... - 400 1,200
S a l i s b u r y ...................................................... 430 900 1,800
N ew buryport...................................................... 2,300 2,600 3,200

H a v e r h i l l .................................................................................. 22,630 29,900 44,500

It is obvious from the average analyses for dissolved oxygen dur
ing August, 1963, as shown in column 7 of Table 8, that a higher 
dissolved oxygen concentration than is presently available at the 
New Hampshire line is essential if a minimum of 4 ppm is to be 
maintained throughout the length of the river in Massachusetts. 
These 1963 analyses are shown graphically by means of x ’s on 
Fig. 35. A  study has been made of the river analyses during the 
period 1956 to 1961, to see how the dissolved oxygen and BOD con-
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tent at the Tyngsborough Bridge varied with the river discharge at 
Lowell. Results of this study are plotted by means of a light, solid 
line on Figs. 33 and 34. A  heavy, smooth curve has been drawn on 
each of these figures as an approximate average so as to estimate the 
dissolved oxygen and BO D  loads at Tyngsborough at the critical 
design flow of 1,000 cfs. The study indicated that the dissolved 
oxygen during this period should have been approximately 28,000 
lbs per day at. the critical design flow, or 5.2 ppm, and that the 
5-day BOD should have been approximately 16,000 lbs per day at 
the critical design flow, or 3.0 ppm. For comparison, the loads at 
the Tyngsborough Bridge during August, 1963, are plotted by 
means of triangles on Figs. 33 and 34.

It has been assumed in our studies that the minimum dissolved 
oxygen content at the Tyngsborough Bridge will be maintained in 
the future at not less than 5.2 ppm. Curve (1) on Fig. 35 has been 
based upon an existing BOD load of 34,300 lbs per day at the New 
Hampshire line, such as was found to be the case in August, 1963. 
It is obvious from this curve that the BOD load at the New H am p
shire line must be reduced in order to maintain a minimum dis
solved oxygen in Massachusetts of not less than 4 ppm. The re
mainder of our studies have been based upon BO D  loads at the 
Tyngsborough Bridge of 16,000 lbs per day, or 3.0 ppm, for the 
critical design flow of 1,000 cfs, as shown on Fig. 34.

Curve (2) on Fig. 35 shows the dissolved oxygen profile in Massa
chusetts, based upon a BOD load at the New Hampshire line of
16,000 lbs per day and the 1963 estimated pollution increments in 
Massachusetts, as shown in Table 16. This curve is for no treat
ment in Massachusetts. The position of this curve above the x ’s 
indicates the improvement which can be obtained by pollution 
abatement upstream from the New Hampshire line. For this 
curve, the parameters on the second line of Table 15 have been used 
fnr the reach from the Tyngsborough Bridge to Lowell and the 
parameters on the first line from Lowell downstream.

Curve (3) on Fig. 35 is based upon the treatment plant design 
loads with only primary treatmert at Lowed 1. It is evident from 
Curve (3) that more than primary treatment will be required at 
Lowell. Curve (4) is based upon the treatment plant design loads 
Mth 90 per cent removal at Lowell by complete treatment and 30 
per cent removal at Lawrence by primary treatment. This curve 
indicates that more than primary treatment will be required at 
Lawrence as well as at Lowell.
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Curve (5) is based upon the treatment plant design loads with 70 
per cent removal of BOD at Lowell and Lawrence, and 30 per cent 
removal at Haverhill. This curve indicates that something less than 
complete treatment may suffice at Lowell and Lawrence until the 
capacity of the treatment plants initially constructed is reached.

Curve (5) raises the question as to whether short-period aeration 
at Lowell and Lawrence to effect a BOD removal of only 70 per 
cent might be less expensive than long-period aeration to effect a 
BOD removal of 90 per cent. As explained hereinafter, one of the 
purposes of long-period aeration is to reduce the volume of excess 
sludge to be handled, and thus the cost of handling sludge. The 
cost of handling sludge for short-period aeration promises to be 
considerably greater than the cost for long-period aeration. Ap
proximate studies of costs have indicated that the total cost, capital 
plus operating, will be about the same, regardless of which type of 
plant is adopted.

Curve (6) is based upon anticipated BO D  loads for the year 2010 
with 90 per cent removal at Lowell and Lawrence, and 30 per cent 
removal at Haverhill. This curve indicates that something greater 
than 70 per cent removal will be required when it becomes neces
sary to increase the capacity of the treatment plants initially built. 
T o  facilitate this increase in removal, it is desirable to construct long- 
period aeration plants initially.

Curve (6) on Fig. 35 shows that with adequate treatment up
stream from the Tyngsborough Bridge, 90 per cent BOD removal 
at Lowell, 90 per cent BOD removal at Lawrence, and 30 per cent 
BOD removal by  primary treatment at Haverhill and downstream 
points, the dissolved oxygen concentration can be maintained above 
a minimum of 4 ppm throughout the length of the Merrimack 
River in Massachusetts at all river flows in excess of 1,000 cfs at 
Lowell. We, therefore, recommend treatment of the dry weather 
flow at all treatment plants in the Lowell and Lawrence areas to 
effect a BO D  removal of 90 per cent or more, and treatment of the 
dry weather flow at all treatment plants in the vicinity of Haverhill 
and downstream therefrom by primary treatment to effect a BOD 
removal of about 30 per cent.

The oxygen balance curves on Fig. 35 do not take account of 
the BOD discharged in overflows of mixed sewage and storm water 
at Lowell, Lawrence and Haverhill. Based upon the evidence in 
Chapter IV, it is reasonable to assume that about 10 per cent of 
the BOD produced during the summer months will be discharged
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to the river in overflows of mixed sewage ard storm water. Since 
these discharges will take place about 5 per cent of the time and at 
intervals averaging about 5 days, the river will be subjected to 
heavy slugs of organic pollution at frequent intervals. This sub
ject is discussed more at length in the next section.

The Problem of Combined Sewers.
Three different solutions have been investigated for the problem 

of combined sewers to evaluate their effectiveness and probable 
cost. These methods are (1) complete separation by  the construc
tion of new systems of sanitary sewers, (2) retention of mixed 
sewage and storm water in holding tanks at each overflow point 
so that it may be pumped back into the interceptors following 
storms, and (3) chlorination of all mixed sewage and storm water 
in overflows in contact chambers to be constructed at each point 
of overflow.

To facilitate these studies, Fig. 36 has been prepared from a 
study of 191 rainstorms at Concord, New Hampshire, for the 
months of June through September from 1949 through 1958, a total 
of 40 months. The data used for these storms were plots prepared 
by the New Hampshire Water Pollution Commission. Fig. 36 
shows the rainfall and the runoff volume for a storm plotted against 
the frequency of the storm producing each volum e. The rainfall 
is shown by the heavy solid line and the runoff for each coefficient 
of runoff is shown by a broken line.

Fig. 37 shows the frequency of storms having various maximum 
hourly rates of rainfall and of runoff. The solid line represents the 
rainfall rate, and each broken line represents the runoff rate for a 
particular runoff coefficient. The rainfall curve was plotted from 
a study of rainfall records at Concord, New Hampshire, for the 
months of June through September from 1953 through 1957 (Sewage 
and Industrial Wastes, 31, 381, 1959) and from a study of rainfall 
records at Boston, Massachusetts, for the months of June through 
September from 1941 through 1945 (1947 Report).

Two of the solutions studied, holding tanks and storm overflow 
chlorination stations, necessitate the construction of combined in
terceptors to carry the mixed sewage and storm water from the 
existing sewer outlets to the various holding or chlorination tanks. 
These combined interceptors are larger in size* than the dry-weather 
interceptors, adequate if the existing combined sewers were sepa-
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rated. The additional cost for constructing the combined sewers 
rather than the dry weather sewers is estimated to be about 6 
million dollars in Lowell, 4 million dollars in Lawrence, and 5 mil
lion dollars in Haverhill. These figures are used in the cost com
parisons made hereinafter.

Study o f  Separation  o f  San itary Seioage fro m  Storm W ater.

The most effective way of preventing overflows of sanitary sewage 
is to convey the sanitary sewage throughout the municipality in 
separate sanitary sewers and to treat the whole of the sanitary 
sewage plus infiltration and industrial wastes in dry weather flow 
treatment plants. Storm water will thus be transported in separate 
storm drains and discharged into the nearest stream or waterway. 
There will, of course, be some organic and bacterial pollution in the 
runoff from streets in developed areas, but it will be insignificant as 
compared to the pollutants in sanitary sewage.

If a municipality of a portion thereof is already served by com
bined sewers, separation will consist of the construction of a new 
system of sanitary sewers and the utilization of the combined sewers 
as storm sewers. If some of the existing combined sewers are in
adequate for effective drainage of runoff from storms, some new 
storm drains may also have to be constructed.

Approximate cost estimates have been made of separation for 
Lowell, Lawrence and Haverhill. These costs do not include the 
cost of interception and treatment of the dry weather flow dealt 
with hereinafter. The estimated costs include the costs complete 
of a new system of sanitary sewers, the reconstruction of some 
storm drains, the reconnection of the house services to the new 
system of sewers, and the relocation of utilities. The total esti
mated cost for the three cities is about $130 million, or about 
$11,900 per acre. The estimated cost for Lowell is $70 million, or 
about $12,000 per acre. For Lawrence, it is about $30 million, or 
$13,500 per acre, and for Haverhill, it is $30 million, or about 
$10,500 per acre.

The above estimated costs are the costs to  the municipality only 
and do not include the cost to  property owners for rearranging the 
plumbing systems in each building where required in order to sepa
rate storm water runoff from sanitary sewage.

The above costs may be compared with similar estimates made 
for Washington, D . C., and the Chicago area. Estimates were
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made in 1957 for Washington, D. C. (Civil Engineering, June, 
1958, p. 58), which indicated a total cost amounting to about 
$15,700 per gross acre for 15,160 acres. An estimate made for the 
City of Chicago (Journal of the Sanitary Engineering Division, 
ASCE, January, 1961, p. 57) indicated a cost of about $17,000 per 
acre.

Holding Tanks.

The study for holding tanks was based on providing sufficient 
capacity to hold all overflows of mixed sewage and storm water 
for storm volumes having a frequency of about once every two 
months, on the average. Fig. 36 indicates that the volume of rain
fall produced by such a storm is approximately 3,200 cu ft per acre. 
The corresponding volume of runoff is the volume of rainfall re
duced by the runoff coefficient appropriate for the particular water
shed. The total rainfall producing runoff for a storm of this magni
tude is approximately 0.88-in.

A study was made of all 191 storms used to compile Fig. 36 in 
order to estimate the portion of the total runoff which would over
flow from the holding tanks during storms which produced volumes 
in excess of their capacity. This estimate indicated that about 82 
per cent of the runoff would be captured and 18 per cent would be 
lost to the river in overflow.

The average frequency of the 191 storms was 4.8 per month 
during the summer months. This means a storm about every 6 
days and an average dry weather period between storms of about 
5 days.

The total daily flow capacity of the proposed interceptors and 
treatment works to be constructed initially is only about two 
thirds the required holding tank capacity for Lowell, is about 3 
times the required holding tank capacity for Lawrence, and is 
about 70 per cent of the required holding tank capacity at Haver
hill. Inasmuch as about half of this flow capacity will be required 
for the average dry weather flow, it is evident that it will be diffi
cult to pump the mixed sewage and storm water retained in the 
holding tanks to the dry weather flow treatment plants before the 
next storm, particularly in the case of Lowell and Haverhill. This 
is one objection to the holding tank solution of the problem. An
other objection is that unchlorinated raw sewage will Ire discharged 
directly to the river on the average of about once every 2 months.
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One of the advantages of holding tanks over chlorine contact 
chambers is that the BOD, suspended solids and bacteria associated 
with the mixed sewage and storm water will be retained in the 
holding tanks for all flows up to their volumetric capacity, and 
pumped back into the dry weather flow treatment plants. Thus, 
a considerable portion of these pollutants will be retained in the 
system for treatment.

The estimated first costs of the holding tanks, including the es
timated additional costs of combined rather than dry weather in
terceptors, are $59 million for Lowell, $25 million for Lawrence, 
and $30 million for Haverhill, making a total for these 3 cities 
of $114 million. It is to be noted that, since about 82 per cent of 
the runoff of storm water will be returned to the interceptors, it 
will be chlorinated along with the dry weather flow. The cost of 
the additional chlorine will be about 82 per cent of the cost of 
chlorine for overflows through chlorine contact chambers presented 
in the next section, or about $90,000 per year. The capitalized 
value of this extra cost at 4.5 per cent interest is $2.0 million, 
about 1.8 per cent of the total first cost of the holding tanks.

C hlorine C< nlact Chambers.

It is proposed to design the chlorine contact chambers with a 
30 minute contact period at the maximum hourly rate of runoff ex
pected to recur every 2 months on the average. The correspond
ing maximum hourly rainfall rate is 0.56 cu ft per second per acre, 
as shown on Fig. 37. It is estimated that no more than about 20 
per cent of the runoff during the months of June through Septem
ber will be produced by  hourly rainfall rates in excess of this figure.

A  study of Fig. 37 reveals that the estimated chlorine contact 
periods for larger rainfall rates will be about 18 minutes for a 12 
months’ storm, and 12 minutes for a 60 months’ storm. Approx
imately 80 per cent of the runoff will be subjected to contact periods 
in excess of 30 minutes.

Consideration has been given to the feasibility of removal of BOD 
and suspended matter by settling in the chlorine contact chambers. 
For effective removal of suspended solids by  settling, the overflow 
rate should preferably not exceed about 800 gpd per square foot 
of bottom  area. The overflow rate for the storm with a 2 months’ 
frequency and 30 minutes’ contact period is approximately 7,100 
gpd per square foot. Very little settling of suspended matter may
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be expected, therefore, at the design storm and for larger storms. 
Even with a storm having a frequency of 2 weeks, the overflow 
rate is about 2,500 gpd per square foot. The velocities which will 
obtain in the channels of the chlorine contact chambers will, for 
most flows, be much in excess of incipient scour of sludge. It is 
not feasible, therefore, to expect any appreciable removal of BOD 
and suspended solids by the chlorine contact chambers.

The principal advantage of using chlorine contact chambers is 
that all of the sewage mixed with overflows of storm water will be 
subjected to chlorination. Thus, the kill of bacteria and viruses 
should be very effective.

The required volume of the chlorine contact chambers is approxi
mately one third of the volume required for holding tanks. Thus, 
they are very much less expensive than the holding tanks, the total 
first cost being about 55 per cent of the cost of holding tanks. The 
estimated cost of the chlorine contact chambers for Lowell is 
$29,000,000, for Lawrence it is $15,400,000, and for Haverhill is 
$16,500,000, making a total of about 62 million dollars. These 
costs include the estimated additional costs of combined rather 
than dry weather interceptors.

If the combined sewers were not constructed to carry the mixed 
sewage and storm water from the existing sewer outlets to the con
tact chambers, one of tnese chambers would have to be constructed 
at each outlet. The estimated cost of constructing contact cham
bers at each outlet is about 78 million dollars, as compared to the 
estimated cost of 62 million dollars for the recommended con
struction.

Additional chlorine will be required, of course, for chlorinating 
the overflows as well as the dry weather flow. The additional cost 
has been estimated for Lowell, Lawrence and Haverhill, based on 
the average drv weather flows for the juear 1963 shown in Chapter 
VII.

The 1963 average dry weather flow at the proposed Metropolitan 
Lowell treatment plant is estimated at 23 mgd, which, for a tribu
tary area of 5,800 acres to the combined sewers in Lowell, is equiva
lent to a runoff rate of 0.00614-in per hour and, with a runoff co
efficient of 0.07, to a rainfall rate of 0.009-in per hour, or 6.5-in per 
month. Since the actual average rainfall is about 3.3-in per month, 
the volume of storm water runoff to be chlorinated is approximately 
50 per cent (3.3/6.5) of the volume of the average dry weather 
flow.
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The average dry weather flow at the proposed M etropolitan Law
rence treatment plant for 1963 is about 41 mgd, which, for a tribu
tary area of 2,230 acres to the combined sewers of Lawrence, is 
equivalent to a runoff rate of 0.028-in per hour. W ith a runoff co
efficient of 0.7, the equivalent rainfall rate is 0.04-in per hour, or 
29-in per month. Since the average rainfall is only about 3.3-in 
per month, the volume of storm water runoff to be chlorinated is 
only about 12 per cent (3.3/29) of the volume of dry weather flow.

The average 1963 dry weather flow at the proposed Metropolitan 
Haverhill treatment plant is approximately 18 mgd, which, for a 
tributary area of 2,864 acres to the combined sewers of Haverhill, 
is equivalent to a runoff rate of approximately 0.0097-in per hour. 
W ith a runoff coefficient of 0.7, the equivalent rainfall rate is 0.014- 
in per hour, or 10-in per month. W ith an average rainfall rate of 
3.3-in per month, the volume of runoff to be chlorinated is approxi
mately 33 per cent (3.3/10) of the dry weather flow.

For effective kill of viruses as well as bacteria, it is recommended 
that a chlorine residual of not less than 10 ppm be maintained in 
the effluent of the chlorination chambers, both for the overflows and 
for the dry weather flow. T o meet this objective, the probable 
chlorine dose will average about 30 ppm. The estimated costs of 
chlorine for the average 1963 dry weather flow for a period of 180 
days per year is $113,000 for Lowell, $203,000 for Lawrence, and 
$89,100 for Haverhill. The estimated additional cost of chlorine 
for the overflows is $56,000 for Lowell, $24,000 for Lawrence, and 
$30,000 for Haverhill, making a total additional cost of $110,000 
per annum. The capitalized value of this extra cost of chlorine at 
4.5 per cent interest is approximately $2.5 million. This is only 
4 per cent of the first costs of the chlorine contact chambers.

R ecom m endations.

In view of the fact that the chlorine contact chambers will cost 
about 55 per cent of the cost of holding tanks and only about 48 
per cent of the cost of separation, we recommend chlorine contact 
chambers for the solution of the problem associated with the com
bined sewers. This solution is superior to the scheme with the 
holding tanks because no sewage would be discharged to the river 
which has not been heavily chlorinated. On the other hand, the 
BOD and suspended solids in the overflows will not be appreciably 
reduced. It is probable that the dissolved oxygen concentration
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in the river during the critical low flows in the late summer will not 
be substantially affected by concurrent overflows containing BOD 
and suspended solids.
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Chapter VII. Proposed Remedial Measures.

General D iscussion.

The construction proposed herein is that required to abate the 
pollution in the Merrimack River. The proposed construction pro
gram is the result of a number of studies made to arrive at the most 
economical plan. The recommended plan is shown on Fig. A (ap
pended). The plan involves the construction of regional sewerage 
and sewage treatment facilities at Lowell, Lawrence and Haverhill, 
and separate facilities at Amesbury, Billerica, Merrimac, Salisbury, 
Tewksbury and Westford. The City of Newburyport currently has 
sewerage and sewage treatment works under construction. Private 
disposal facilities should be adequate in the towns of Tyngsborough 
and W est Newbury for many years in the future.

The proposed sewage works construction will consist of sanitary 
and combined intercepting sewers, sewage pumping stations, storm 
overflow chlorination stations, sewage treatment facilities, and in
dustrial waste pretreatment facilities. Local municipal sewage col
lection systems are not included in the proposed works. However, 
the sewers that will intercept the discharges from local sewerage 
system river outlets are included.

The estimated cost of constructing the proposed sanitary and 
combined interceptors and facilities for treating the dry weather 
flow is about 94 million dollars. The estimated construction cost 
for chlorinating overflows of mixed sewage and storm water during 
storms is about 47 million dollars.

For financial reasons outlined in Chapter IX , we recommend 
that the construction of the storm overflow chlorination stations 
be deferred until after the sewage works required for dry weather 
flows have been constructed. The recommended initial construc
tion program will consist of the construction of the interceptors, 
pumping stations, and sewage treatment facilities, at an estimated 
cost of approximately 94 million dollars.

Consideration was given to District construction and operation; 
that is, the construction and operation of the proposed works by a 
District formed by the 18 cities and towns involved. The results 
of this investigation and reasons for our recommending against Dis
trict construction and operation are presented in Chapter VIII.



1964.] HOUSE —  N o. 3733. I l l

The alternate construction of a trunk sewer to the ocean was 
studied. Under this plan, the regional and local sewage treatment 
facilities would not be required except at Salisbury, Tewksbury and 
Westford where stabilization lagoons are recommended. A trunk 
sewer would intercept, the dry weather sewage from the metropoli
tan regions and towns, with the except ions of Salisbury, Tewksbury 
and Westford, and would carry the sewage to an ocean outfall. A 
primary treatment plant would be built at the outfall. The storm 
overflow chlorination stations would be required as under the rec
ommended program.

The construction cost of the trunk sewer alternate plan complete, 
including the sewers, treatment facilities, and storm overflow chlori
nation stations is estimated to be approximately 225 million dollars. 
This cost is about 60 per cent greater than the recommended plan, 
consequently we recommend against its adoption.

Alternate construction schemes for pollution control in the indi
vidual towns and metropolitan regions have been studied, and the 
results are presented hereinafter. The results of these studies es
tablished the basis for our recommending separate or regional 
treatment for the cities and towns involved.

Design Period.

Sanitary sewers will be designed to carry the peak dry weather 
flow estimated for the year 2010. Combined sewers will be designed 
to carry the estimated full capacity of the outlets they intercept. 
Sewage treatment plants will be designed for estimated loads, ap
proximately equal to the 1963 loads, plus one third of the difference 
between these loads and those estimated for the year 2010, with 
provisions for expansion in the future. This method of approach 
does not establish a design year but it is estimated that the treat
ment facilities will be adequate until about 1980, depending on the 
growth rate of the population, industry, etc., in the study area. 
Pumping station structures will be designed for the year 2010 peak 
flows, but with initial equipment sized to  pump the treatment plant 
peak design flows.

Sanitary and Combined Sewers.

Sanitary sewers will intercept the peak dry weather flow (sani
tary sewage, industrial wastes and infiltration, or the equivalent 
amount of mixed sewage and storm water) and transport these
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liquid wastes to sewage treatment facilities. Combined sewers, 
wherever recommended in this report, will transport wet weather 
flow (storm water runoff, in addition to sanitary sewage, indus
trial wastes and infiltration) for a limited distance to a proposed 
storm overflow point. At this point, the portion of the mixed 
sewage and storm water in excess of the estimated peak dry weather 
flow will be bypassed to the river, where storm overflow chlorination 
stations will be built. The peak dry weather flow7 will be transported 
to the sewrage treatment facilities.

All sanitary and combined sewers wdll be constructed as gravity 
(flow wdthout internal pressure on the crown of the conduit) pipe
lines, with the exception of some river crossings. These river cross
ings necessitate the use of pressure (flow wTith internal pressure on 
the crown of the conduit) sew7ers (^commonly referred to as “ in
verted siphons” ). Wherever possible, inverted sipnons have been 
avoided and the river crossings made with gravity sewers.

The proposed sanitary and combined sewers have been designed 
using M anning’s Formula:

Q =  1 4 S 6  A  R  2 /3  S 1/2 
n

w7here Q =  capacity of the pipe flowing full, in cubic feet per second 
A  =  cross-sectional area of the pipe in square feet 
R  =  hydraulic radius in feet 
S =  slope in ft- ft.
n =  coefficient of roughness, chosen as 0.013 for the pur

pose of this report
The sanitary sewers have been designed to carry the peak dry 

weather flow at about 0.9 of their flowing-full capacity, and will 
be laid at a slope sufficient to maintain a minimum velocity of 2.0 
fps when flowing full. The combined sewers have been designed to 
carry the capacity of the existing outlets they intercept, flowing 
full. A  minimum velocity of 3.0 fps will be maintained in the com
bined sewers when flow'ing full.

Sew age P u m p in g  Stations.

The sewage pumping stations will lift the peak dry weather flow 
to the elevations required for gravity flow in a downstream sewer, 
or pump the sew7age directly to sewage treatment facilities. In no 
case will mixed sewage and storm water, substantially in excess of 
peak dry weather flow, be pumped.
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Sewage Treatment F acilities.

General. —  Sewage treatment facilities are designed to remove 
solids and organic matter present in liquid domestic and industrial 
wastes and to provide disinfection of such waste waters. Primary 
treatment removes suspended and floating matter. We estimate 
that about 30 per cent of the BOD and suspended solids will be 
removed from the liquid wastes. Secondary treatment provides for 
a higher removal of organic matter. The secondary treatment fa
cilities recommended herein will be designed to provide for about 
90 per cent removal of the BOD.

Primary sewage treatment plants are recommended in the Haver
hill region, and in the towns of Amesbury and Merrimae. Secondary 
sewage treatment plants are recommended in Billerica, the Lowell 
region, the Lawrence region, and the towns of Westford, Tewksbury 
and Salisbury. If low flow augmentation in the Concord River at 
Billerica does not materialize, it may become advantageous for 
Billerica to join the Lowell region for the treatment of its sewage 
at the regional treatment facilities.

The secondary sewage treatment facilities in Billerica and in the 
Lowell and Lawrence regions will be activated sludge of the ex
tended aeration type. Other secondary treatment facilities in the 
valley will be sewage stabilization ponds.

Primary treatment only (about 30%  BOD removal) is required 
in Salisbury. Sewage stabilization ponds are recommended for Salis
bury as a result of an economic study showing the ponds to be 
cheaper in first cost and in operation than a conventional primary 
treatment plant.

Primary Treatment P lants. —  The treatment plants to be con
structed in the Haverhill region, and in the towns of Amesbury and 
Merrimae will consist of settling basins, vacuum filters for sludge 
dewatering and disinfection facilities.

Activated Sludge Plants. —  The activated sludge process will con
sist of extended aeration of the sewage in aeration tanks together 
with ' ‘ activated”  sludge. Tin1 aerated sewage from the aeration 
tanks passes through a sedimentation tank where the activated 
sludge is removed by settling and returned to the aeration tank. 
The activated sludge consists primarily of aerobic bacteria and 
other microorganisms, together with organic matter from the aer
ated sewage, in contrast to sludge from primary settling: tanks which
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is mostly organic matter from unaerated sewage. The returned 
activated sludge will amount to up to 40 per cent by volume of 
the raw sewage flow.

The process consists essentially of the rapid feeding of very large 
numbers of bacteria and other microorganisms. The suspended and 
dissolved organic matter in the waste is absorbed upon the activated 
sludge particles where it is biochemically acted upon aerobically by 
the bacteria throughout the complete circuit of the activated sludge 
particles through the aeration tanks, sedimentation tanks, and back 
to the aeration tanks. In the process, while the organic matter is 
being stabilized, the bacteria grow rapidly to  such large numbers 
as to increase the sludge volume. In order to control the suspended 
solids content of the mixed liquor of the aeration tanks, it is neces
sary to withdraw the excess activated sludge for processing and 
ultimate disposal.

Sewage, Stabilization Ponds. —  Sewage stabilization ponds are shal
low ponds (3 to 5 ft in depth) in which the sewage is stabilized by 
action of microorganisms growing in the ponds. Such ponds provide 
a high degree of natural treatment and are simple to operate and 
maintain because mechanical equipment is not required. Because 
of the high dilution provided in a properly designed pond, the liquid 
is not recognizable as a waste water. The higher degree of dilution, 
together with the production of oxygen by  algae, provide an abun
dance of oxygen for natural purification processes and normally pre
vents septic conditions with the accompanying foul odors. There 
are about 400 sewage stabilization ponds in this country, many of 
which have been satisfactorily in operation for over 20 years.

D isin fection . —  Disinfection of the domestic and industrial wastes 
will be provided for at the primary treatment anti activated sludge 
plants by the addition of chlorine solution. Natural die-off of bac
teria will occur during the long detention period of the sewage in 
the stabilization ponds. N o chlorination facilities will be installed 
at the ponds initially. Should natural die-off not provide sufficient 
bacteria kill in the future, chlorination facilities could then be built. 
Chlorination of mixed sewage and storm water overflows is dis
cussed hereinafter.

Industrial W aste Pre-treatment. —  In general the industrial waste- 
waters in the Merrimack Biver Valley in Massachusetts are such 
that they may be treated with the sanitary sewage from the areas 
in which they originate without pretreatment by the industry.
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There are, however, several industrial establishments which dis
charge wastewaters, having characteristics which are harmful to 
the. sewers, the sewage treatment works, or the sewage treatment 
processes. It will be necessary for the producers of these waste- 
waters, or the municipal sewage authority, to provide such pre
treatment as may be required to remove the objectionable char
acteristics before discharging the wastewaters to the municipal 
sewerage system.

Examples of wastewaters which will require pretreatment prior 
to release by the industry are: wool scouring, packing house and 
rendering wastes which contain excessive quantities of grease; 
tannery wastes which contain heavy concentrations of lime and 
sulfur compounds; and certain pulp mill wastes which also contain 
excessive concentrations of lime and sulfur compounds.

Wastewaters which contain large concentrations of grease will 
cause the sewers to become clogged by the grease which separates 
from the wastwater and accumulates on the pipe walls. At the 
sewage treatment works grease will float on the surface of the basins, 
will buoy up other material, and will coat and clog mechanical 
equipment. Hence, no wastewater which contains grease or oils as 
defined in “ Standard M ethods for the Examination of Water and 
Wastewater” eleventh edition, in excess of 100 ppm  should be ac
cepted into the municipal sewerage system. A  number of wool 
scouring mills recover some grease. However, analyses made dur
ing the industrial waste survey indicate that excessive quantities 
of grease are being discharged from these mills (5,960 lbs per day 
in the Lowell region, and 7,875 lbs per day in the Lawrence region).

In the pulp mills where pulp is produced by  cooking wood chips, 
cloth or old paper in a strong caustic solution, a waste liquor results 
from this operation. The waste cooking liquor may be harmful to 
some of the sewage treatment processes and should be admitted to 
the sewerage system only after investigation shows them to Ire 
harmless to the treatment processes being used. This liquor may 
be evaporated and burned if it is not admissible to the municipal 
sewerage system. Evaporation and burning is standard practice in 
some pulp mills.

One paper mill in the Lawrence region discharges a slurried filter 
cake from a green liquor filtering operation to the river. This filter 
cake should be disposed of in the damp state and not converted into 
a slurry. The same paper mill also has lime-calcium carbonate
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slurry which is presently discharged to the river. This slurry ma
terial also would not be acceptable in the sewerage system since it 
would tend to clog the sewers. It should be trucked to the munici
pal dump.

The remainder of the pulp and paper mill wastewaters can be 
treated with municipal sewage. They are amenable to both pri
mary treatment and to biological secondary treatment. We esti
mate that the proportion of sanitary sewage to paper mill wastes 
is large enough to provide the nutrients required for the biological 
oxidation of the paper mill wastes without supplementation.

The tanneries in the Merrimack River Valley in Massachusetts 
are engaged principally in light tanning of goat and sheep skins. 
Light tanning requires some use of lime and sulfides. W e estimate 
that the dilution available in the municipal sewerage system is 
sufficient to minimize the effect of the lime discharged by the tan
neries. The sulfides produced by the tanneries may, however, 
present a serious problem. Sulfides are damaging to the sewers, 
cause odors and have an excessive chlorine demand. Hence, we 
recommend that each tannery be required to add sufficient chlorine 
to its wastewaters to satisfy the chlorine demand before discharge 
to the sewerage system.

During the tanning and leather finishing processes many small 
scraps of hide enter the drainage system. These can be most easily 
removed while in a concentrated form at the tannery before they 
are mixed with sanitary sewage. For this reason, each tannery 
should screen its wastewaters before the wastewater is discharged 
into the municipal sewerage system.

Storm  Overflow C hlorination  Stations.

Storm overflow chlorination stations will be constructed in the 
future at bypass points where mixed sewage and storm water over
flow from combined sewers directly to the river during storms, thus 
bypassing the treatment plant. The stations will consist of buried 
reinforced concrete tanks and masonry superstructures to house 
chlorination equipment. The overflow of mixed sewage and storm 
water will be treated with chlorine at the entrance to the contact 
tank and be disinfected while it flows through the tank. The 
chlorinated effluent will be discharged to the river. For the initial 
part of the construction program, pipes will temporarily carry the 
overflow from such bypass points directly to the river.
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The stations will be designed to provide a 30-minute contact 
time and a chlorine dose of 30 ppm for the estimated overflow from 
a storm of about 2 months’ frequency, as described in Chapter VI.

Construction Cost Estim ates.

The construction cost estimates presented in this report have been 
prepared using current contractors’ bid prices for similar construc
tion in the New England area as a guide. Equipment estimates 
have been obtained from manufacturers’ representatives, and allow
ances for installation have been added. Allowances for engineering 
and contingencies are included in all of the estimated costs.

The costs of construction have been increasing steadily for a num
ber of years. This trend is expected to continue in the future. The 
October, 1963, Engineering News-Record Construction Cost Index 
was about 910. The cost estimates herein can be compared to this 
index, and at future dates the costs should be multiplied by the 
ratio of the index of that date to 910, to bring the cost estimates up 
to date.

Subsurface borings have been taken to determine foundation soil 
conditions at the various proposed structures. The locations of the 
borings taken for this study and for the 1946 report are shown on 
Fig. C (appended). The logs of borings taken for this study are in 
Appendix C.

T he Lowell R egion.
General.

The proposed Lowell regional sewerage works will serve the city 
of Lowell and the towns of Chelmsford and Dracut. Fig. D  (ap
pended) shows a plan of the existing sewerage outlets, the new san
itary and combined intercepting sewers, pumping stations, sewage 
treatment facilities and future storm overflow chlorination stations 
proposed for construction in the Lowell region. A legend indicating 
symbols for each item of construction is given on Fig. D  (appended).

Alternate cost studies have been made to determine the economics 
of the various municipalities surrounding the city of Lowell in join
ing the Lowell regional sewage system. The studies show that the 
most economical way to intercept and treat the sewage from Chelms- 
°rd and Dracut is in a Lowell regional system. Conversely, the 

fconomic studies show that separate sewerage and sewage disposal 
works are the most economical for the towns of Billerica, Tewksbury
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and W estford. As stated in Chapter II, the construction of the 
sewage treatment plant at Billerica is contingent on low flow aug
mentation in the Concord River.

The construction cost of an extended aeration plant (there is in
sufficient area available for the construction of sewage stabilization 
ponds in Chelmsford Center) in Chelmsford Center has been com
pared with the cost of the proposed Chelmsford Center Interceptor, 
plus the additional incremental cost of the Lowell pumping station 
and sewage treatment construction costs, attributable to the Chelms
ford Center wastes. The comparison has shown the costs of both 
schemes to be about equal and to be about $1,200,000. A compari
son of operating costs of the two schemes, however, would show 
regional treatment to be cheaper. The principal reason for recom
mending against separate treatment of the Chelmsford Center sew
age is the probable inadequacy of River M eadow Brook to receive 
effluent sewage from, an extended aeration plant. There are no flow 
records available for River M eadow Brook, but we have made ap
proximate calculations of the adequacy of the brook to receive the 
Chelmsford Center wastes by  comparing the brook to streams of 
similar characteristics for which flow data are available. The re
sults of the calculations show it to be highly unlikely that River 
M eadow Brook would have sufficient flow during the late summer 
to receive the effluent from an extended aeration plant without creat
ing nuisance conditions.

Economic st udies have been made comparing the cost of treating 
the North Chelmsford wastes at a separate treatment plant in North 
Chelmsford against the recommended scheme of intercepting the 
wastes and transporting them to the Lowell regional sewage treat
ment plant. The separate treatment plant in North Chelmsford 
would be of the extended aeration type. There is insufficient area 
available in North Chelmsford for the construction of sewage stabi
lization ponds. The estimated cost of separate treatment, including 
the necessary intercepting sewers, sewage pumping station and 
sewage treatment plant, is about $2,700,000. This is to be compared 
against an estimated construction cost of $1,800,000 for the recom
mended regional treatment. The latter cost includes the proposed 
North Chelmsford intercepting sewer plus the additional incremen
tal share of the Lowell regional pumping station and sewage treat
ment plant construction costs attributable to the North Chelmsford 
wastes.

The cost of separate interceptors and treatment for the Dracut
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sewage would be about $2,300,000. The existing Dracut sewers 
presently discharge into the Lowell municipal sewerage system and 
so the most economical way to treat the sewage from Dracut is in 
the proposed Lowell regional sewage treatment plant;.

We recommend treatment of the Billerica sanitary sewage and 
industrial wastes at an extended aeration Sewage treatment plant 
described hereinafter. Again, insufficient area is available in Bil
lerica for the construction of sewage stabilization ponds. The esti
mated cost of the proposed Billerica sewage treatment plant is 
$1,600,000. The estimated construction cost for treating the Bil
lerica wastes at the Lowell regional plant is $2,400,000 by compari
son. The cost of $2,400,000 includes an intercepting sewer from 
the site of the proposed Billerica sewage treatment plant to Lawrence 
Street in Lowell, plus the additional incremental cost of the Lowell 
regional pumping station and sewage treatment plant construction 
costs attributable to the Billerica wastes.

We recommend the construction of two sewage stabilization ponds 
in the town of Westford, one in Graniteville and the other in Nab- 
nasset. The estimated construction cost of these stabilization 
ponds, plus the required sewage pumping stations, force mains, 
and intercepting sewers, is about $1,180,000. On the other hand, 
we estimate that it would cost about $2,500,000 to treat the West- 
ford sewage at the Lowell regional sewage treatment plant. The 
figure of $2,500,000 includes the cost of intercepting the sewage and 
transporting it to the North Chelmsford area, plus the incremental 
cost of the North Chelmsford intercepting sewer, plus the incremen
tal cost of treating the W estford sewage at the Lowell regional sew
age treatment plant.

We recommend the construction of 2 sewage stabilization ponds 
in the town of Tewksbury. 1 in Wamesit and the other in East 
Tewksbury. The estimated construction cost of the recommended 
stabilization ponds, plus sewage pumping stations and force mains, 
is $955,000. There is no question that it would be economically 
unfeasible to transport the sewage from East Tewksbury to the 
Lowell regional sewage treatment plant. W e have, however, 
studied the possibility of intercepting and transporting the wastes 
from Wamesit to the Lowell regional plant. W e estimate that it 
would cost about $450,000 to intercept and treat the Wamesit 
wastes at the Lowell regional plant. On the other hand, the esti
mate for the recommended pumping station, force main and sewage 
stabilization ponds at. Wamesit is about $325,000. The cost of



120 HOUSE —  N o. 3733. [June

grease removal at the Wamesit M ill has not been included in the 
above estimates as the cost would be the same for either scheme.

T he N orth  C helm sford In tercep tor.

The North Chelmsford Interceptor is described as the new sani
tary sewer which will begin at a point a short distance southwest 
of North Road in North Chelmsford near the Boston & Maine Rail
road tracks; carry cross-country to the south bank of the Merrimack 
R iver; cross the river to the north bank; and then travel along 
Pawtucket Boulevard to a point about 800 ft downstream from 
the M ammoth Road Bridge. The North Chelmsford Interceptor 
will be constructed in open cut for it s entire length, with the excep
tion of the inverted siphons under the Merrimack River and Stony 
Brook.

The new pipe will intercept the wastes from the Gilet Wool 
Scouring Corporation at a point a short distance southwest of 
North Road, near the Boston & Maine Railroad tracks. The pipe 
will be 24-in in diameter and will be built along the tracks, going 
under the bridge at North Road, to the intersection of Middlesex 
Street.

Sanitary sewage from North Chelmsford will enter the interceptor 
at Middlesex Street. A  new 36-in sewer will be constructed from 
Middlesex Street to the south bank of the Merrimack River, at 
which point a short sewer from the Southwell Combing Company, 
Plant N o. 1, will enter.

An inverted siphon will be constructed across the Merrimack 
River. The outlet structure of the siphon will be located several 
hundred feet downstream from the site of the new Lowell Water 
Intake.

A  new 36-in sewer will be laid cross-country from the outlet 
structure of the siphon to the intersection of Townsend Avenue 
and Pawtucket Boulevard. This sewer will be laid between Paw
tucket Boulevard and the river bank, past the site of the old water 
works intake.

At the intersection of Townsend Avenue and Pawtucket Boule
vard, the pipe will become 42-in in diameter and will be laid in the 
south shoulder of the highway for a distance of about one mile.

At the intersection of Dunbar Avenue and Pawtucket Boulevard, 
the sewer must leave t he relatively easy construction in the shoulder 
and enter the eastbound lane of traffic in the highway. The sewer
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will remain in the road to a point several hundred feet downstream 
from the Pawtucket Dam, at which point it will enter the river and 
pass under the Mammoth Road Bridge and end at a point about 
S00 ft downstream from the bridge. At the end of the North 
Chelmsford Interceptor, an existing 63-in sewer from White Street 
will be intercepted.

The Chelmsford Center Interceptor.

The Chelmsford Center Interceptor is described as the new 36- 
in sanitary sewer, starting in Chelmsford Street, just north of the 
Interstate Route No. 495 Bridge in Chelmsford. The new sewer 
will follow a route parallel to the New York, New Haven & Hart
ford Railroad right-of-way to the new Lowell Connector, and 
thence northerly, parallel to the Lowell Connector, until it con
nects to an existing sewer at the intersection of Manufacturers and 
Short streets in Lowell. The interceptor will be a 36-in pipe for 
its entire length and will be constructed in open cut.

The new 36-in sanitary sewer will start at a point in Chelmsford 
Street, just north of the new Interstate Route N o. 495 Bridge. The 
first few hundred feet of sewer will be built in Chelmsford Street. 
The sewer will then leave Chelmsford Street and will be built east
erly along the north bank of a small brook behind the Howard 
Johnson Restaurant, to the New York, New Haven & Hartford 
Railroad tracks. The sewer will follow the railroad tracks south
easterly along the western toe of the railroad embankment, past 
Manahan Street and Glen Avenue to a point several hundred yards 
downstream from Glen Avenue, near the Lowell-Chelmsford line at 
the U. S. Route No. 3 Bridge.

The sewer will be constructed in open cut underneath this bridge 
and proceed in the same general direction along the railroad tracks, 
passing bv the new Lowell Industrial Park, and then crossing 
Stevens Street. Beyond the Industrial Park the interceptor will 
run parallel to the tracks, to the toe of the new Lowell Connector 
to Interstate Route No. 495. At this point, the sewer will turn 
north and pass through recently excavated land adjacent to the 
highway and enter Avenue C at its intersection with Doane Street . 
The sewer will pass down Avenue C to its intersection with Plain 
Street, and then for a short distance easterly to the intersection 
°f Plain and Manufacturers streets; thence along Manufacturers 
k̂eet and connecting to an existing 72-in sewer at the intersection 

°f Manufacturers and Short streets.
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The N orth  B ank In terceptor.

The North Bank Interceptor is described as the new pipe to be 
built from the end of the proposed North Chelmsford Interceptor 
at the White Street outfall, along the north bank of the Merrimack 
River to a point at the end of Llewellyn Street on the north bank 
of the river, then extending underneath the river to the new South 
Bank Interceptor.

The North Bank Interceptor will be a 60-in pipe from its begin
ning to the existing 60-in combined Spark Street outfall. It will be 
constructed in open cut. The new pipe will begin at the end of the 
new North Chelmsford Interceptor at the location of the existing 
W hite Street outfall. The pipe will intercept the sanitary flow from 
the North Chelmsford Interceptor and the combined sewage from 
the 63-in W hite Street outfall. Due to the rugged topography along 
the river bank, the interceptor will be constructed along the edge of 
the river and below the bank, beneath M oody Street and up to a
point approximately opposite M oulton Street extended. At the ex
tension of M oulton Street, the new pipe will leave the river’s edge 
and enter low, marshy ground between the highway and the river 
bank, and proceed to the existing Spark Street outfall sewer.

The mixed sewage and storm water from the Spark Street sewer 
will be intercepted, and a new 84-in pipe from the Spark Street out
let will be constructed for a short distance along the south side of 
the Veterans of Foreign Wars Highway to a point near the west 
bank of Beaver Brook. At this point, the sewer will cross beneath 
the highway and then pass along the north side of the highway, 
passing beneath Beaver Brook by gravity to the east bank. On the 
east bank of Beaver Brook, at a point several hundred feet from the 
existing Beaver Street pumping station, the new Beaver Brook In
terceptor from Dracut will be intercepted. A  short distance be
yond this point all flows in excess of the peak dry weather will be 
diverted to an overflow chlorination station. The new 84-in inter
ceptor from Spark Street to the proposed overflow station will he 
constructed as a gravity tunnel. The overflow station will be con
structed on the north bank of the Merrimack River at a point about 
600 ft downstream from the confluence of Beaver Brook and the 
Merrimack River.

A new 54-in sewer will be constructed as a gravity tunnel from 
the new overflow station to the intersection of West Street. This

\
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interceptor will carry the peak dry weather flow from the overflow 
point. The pipe will be constructed in open country, parallel to 
and north of the Veterans of Foreign Wars Highway, to a point 
several hundred feet above West Street. At ibis point, the sewer 
will enter Lakeview Avenue and be constructed in Lakeview Avenue 
to its intersection with West Street.

At West Street an existing 66-in combined sewer will be inter
cepted with a new 60-in pipe, to be constructed as a gravity tunnel 
in Lakeview Avenue from West Street to a point about 200 ft down
stream therefrom, where a new 24-in sanitary sewer from the south 
bank of the Merrimack River will be intercepted.

A new 96-in gravity tunnel will be constructed from the point of 
interception of the South Bank Interceptor, down Lakeview Avenue 
to its intersection with Bridge Street. A t Bridge Street, the existing 
,10-in by 36-in oval combined sewer will be intercepted. The North 
Bank Interceptor will be extended as a 96-in gravity tunnel along 
the bank of the Merrimack River to the intersection of Read Street.

At Read Street, an existing 24-in combined sewer will be inter
cepted and the new 96-in gravity tunnel will be extended to a future 
overflow chlorination station about 100 ft downstream of Read 
Street. The future overflow chlorination station will be constructed 
about 100 ft downstream from Read Street on the north bank of the 
Merrimack River.

An existing 30-in combined sewer on M yrtle Street will be inter
cepted by a new 30-in pipe, to be constructed on the north bank of 
the river from Myrtle Street extended to the overflow station near 
Read Street. The new 30-in pipe will be constructed in open cut 
and will be a combined sewer.

The peak dry weather flow from the North Bank Interceptor will 
be intercepted at the overflow point and transported in a new7 72-in 
sanitary sewer along the north bank of the Merrimack River to a 
point on the north bank opposite the extension of Llewellyn Street. 
The new 72-in sanitary sewer will be located along the river bank 
to a point about 100 ft upstream of the Hunt Falls Bridge, at which 
point the interceptor will enter the edge of the; river a,nd pass be
neath the bridge. Below the bridge, the sewer will remain in the 
river bank up to the Llewrellvn Street outfall.

Whenever required in the future, a new 18-in sanitary sewer will 
he constructed along the north bank of the Merrimack River from 
Haverhill Street in Dracut to the point on the north bank opposite 
the extension of Llewellyn Street. This sanitary sewer will be con-
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structed in open cut and will intercept the sewage from the Ken
wood section of Dracut.

From the point opposite the extension of Llewellyn Street on the 
north bank of the Merrimack River, a new 60-in gravity sewer will 
be constructed across the Merrimack River to the south bank. This 
sewer will be a combined interceptor and will intercept the peak 
dry weather flow from the North Bank Interceptor, the future 
peak sanitary sewage from the Kenwood section of Dracut, and 
the mixed sewage and storm water from the existing 12-in Llewellyn 
Street outfall.

T he Paw tucket Street Interceptor.

The Pawtucket Street Interceptor is described as the new 42-in 
combined sewer to be built on Pawtucket Street on the south bank 
of the Merrimack River. The new 42-in combined sewer will be 
constructed in open cut from the intersection of Pawtucket Street 
and Walker Street, to the point of an overflow station to be located 
about 400 ft northeast of the confluence of the Pawtucket Canal 
and the Merrimack River.

A t the intersection of Walker and Pawtucket Streets, the new 
pipe will intercept an existing 35-in by  23-in oval combined sewer. 
The new pipe will be constructed in open cut to the west bank 
of the Pawtucket Canal. The pipe will be spanned for a distance 
of about 120 ft across the Pawtucket Canal. From the east bank 
of the canal, the pipe will be constructed in open cut along Paw
tucket Street and then cross-country to a future overflow station. 
M ixed sewage and storm water from an existing 18-in sewer in 
School Street will be intercepted at the future overflow station. 
The overflow station will be built on the south bank of the Merri
mack River, about 400 ft northeast of the Pawtucket Canal.

Peak dry weather flow from the Pawtucket Street Interceptor 
and from School Street will be intercepted at a new pumping sta
tion to be located adjacent to the overflow station. The dry weather 
flow of wastewaters will be lifted through a force main in Pawtucket 
Street to an existing Pawtucket Street 12-in sewer near the inter
section of Pawtucket and School streets.

The substructure of the new Pawtucket Street pumping station 
will be reinforced concrete. The superstructure will be constructed 
of masonry with a brick exterior. All wastewaters entering the 
station will pass through a mechanism which will grind the solids
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in the sewage. A bypass will be provided around the grinder to 
be used in the event that the latter is out of service for repairs. 
The bypass will be equipped with a hand-cleaned bar rack. The 
wastewaters will flow from the grinder into the station wet well 
from which the pumps will take suction. Standby power will be 
installed.

A flowmeter will be installed in the discharge piping from the 
pumps to measure the total quantity of wastewater. Flow measure
ment will be transmitted to a continuous recorder in the pumping 
station. The pumping station equipment will be protected from 
the flood stage of the “ Corps of Engineers Modified 1936 Flood.”

The Perkins Street In terceptor.

The Perkins Street Interceptor is described as the new pipe start
ing in Pawtucket Street near the intersection of Ward and Paw
tucket streets and extending down Pawtucket Street and thence 
southeasterly along Perkins Street. A t the end of Perkins Street, the 
sewer will be constructed cross-country to a point on the south 
bank of the Merrimack River where an overflow chlorination sta
tion will be constructed. The dry weather peak flow from the over
flow point will pass through an inverted siphon to the North Bank 
Interceptor.

The existing 20-in combined sewer on Pawtucket Street will be 
intercepted in a new 42-in pipe near the intersection of Ward and 
Pawtucket streets. This new combined sewer will extend to Aiken 
Street. At Aiken Street, an existing 52-in by  38-in oval combined 
sewer will be intercepted. The Perkins Street Interceptor will be 
constructed in Perkins Street as a new 78-in combined sewer to 
the intersection of Suffolk and Perkins Streets. Near the inter
section of Perkins and Suffolk Streets, an inverted siphon will be 
constructed under the Lawrence Canal, a short distance above the 
dam. From the outlet structure of the inverted siphon, a new 78-in 
combined sewer will extend cross-crountry, parallel to the south 
bank of the Merrimack River, to a point opposite the extension 
of Tilden Street.

At this point opposite Tilden Street, an existing 2 ft by 3 ft 
combined outlet from Tilden Street will be intercepted and a 
future overflow chlorination station constructed near the river. The 
peak dry weather flow from the Pawtucket Street Interceptor will 
be transported across the Merrimack River in an Inverted siphon
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to the north bank of the river. From the outlet structure of the 
siphon on the north bank, a 24-in sanitary sewer will be constructed 
to the proposed North Bank Interceptor.

T he P aw tucket C anal Overflow C hlorination Stations.

Tw o overflow chlorination stations will be constructed at existing 
sewers emptying into the Pawtucket Canal. One of the stations 
will be constructed on the west bank of the Pawtucket Canal, about 
200 ft north of the extension of W est Adams Street. The existing 
interceptor along the Pawtucket Canal will continue to carry the 
peak dry weather flow. The overflow will be chlorinated at the 
station.

The other chlorination station will be built on the east side of 
Thorndike Street, on the south bank of the Pawtucket Canal, to 
chlorinate the overflow from the existing interceptor. The existing 
interceptor will continue to carry the peak dry weather flow.

The C oncord R iver C onstruction.

An overflow station will be constructed on the east bank of the 
Concord River, about 200 ft north of Rogers Street. Here the 
wastewater from the existing overflow pipe will be chlorinated prior 
to discharge into the Concord River.

A  new dry weather flow pumping station will be constructed on 
the east bank of the Concord River at the extension of Pond Street. 
This station will lift the wastewater from a small area in the vicinity 
of the Lowell Electric Light Station to the existing sewer in An
dover Street. The existing sewer in Andover Street enters the large 
system now discharging into the Concord River in the vicinity of 
Warren Street. The pumping station will be of similar construc
tion to that previously described under “ Pawtucket Street Inter
ceptor.”

The South  B a n k  In terceptor.

The South Bank Interceptor is described as the new sewer to 
be started on the west bank of the Concord River, about 500 ft 
southeast of the confluence of the Concord River and the Pawtucket 
Canal, and to proceed to the east bank of the Concord River, 
thence extending along the east bank of the Concord River to the 
south bank of the Merrimack River, and thence following the south 
bank of the Merrimack River to the new sewage treatment plant.
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An existing 90-in combined sewer now discharges into the Con
cord River at a point about 500 ft southeast of the confluence of 
the Pawtucket Canal and the Concord River. This 90-in outlet 
drains Warren Street and Church Street. An overflow chlorina
tion station will be built on the west bank of the Concord River 
at the existing outlet. The peak dry weather flow from the over
flow point will be transported across the Concord River to the east 
bank in an inverted siphon. On the east bank of the river, an exist
ing 24-in combined sewer will be intercepted. A new interceptor 
will be constructed from the outlet of the siphon along the east 
bank of the Concord River as a 60-in gravity tunnel to East Merri
mack Street.

An existing 36-in combined sewer presently discharging from Mer
rimack Street on the west bank of the Concord River will be inter
cepted in an inverted siphon and transported to the South Bank 
Interceptor just north of East Merrimack Street. From this 
point, a new 66-in interceptor will be constructed as a gravity 
tunnel along the east bank of the Concord River to an existing 2 ft 
by 2 ft square combined sewer draining East Merrimack Street and 
Stackpole Street. From this point, the new interceptor will be 
constructed along Stackpole Street as a 78-in gravity tunnel to 
the intersection of Hunt Falls Bridge.

An existing 22-in by  33-in oval combined sewer will be inter
cepted at the Hunt Falls Bridge and the South Bank Interceptor 
will become an 84-in sewer, constructed in open cut from the 
bridge, along the south bank of the Merrimack River to the ex
tension of an unnamed street intersecting with Stackpole Street, 
near the end of Stackpole Street. At this point, an existing 18-in 
combined sewer will be intercepted and the new 84-in South Bank 
Interceptor will proceed in open cut for a distance of about 700 ft 
to the intersection of the North Bank Interceptor gravity ri can- 
crossing. The new 54-in gravity crossing from the north bank will 
be intercepted at this point, and the South Bank Interceptor will 
be constructed from this point to the intersection of Barasford 
Avenue as a 90-in gravity tunnel.

The existing 60-in combined sewer outlet at Barasford Avenue 
I will be intercepted, and from this point the South Bank Interceptor 
, will be constructed along the river bank as a 120-in combined 

gravity tunnel. The 120-in tunnel will carry to an overflow chlori
nation station to be built on the south bank of the Merrimack 

I River just below the intersection of East Merrimack Street and
i
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Cliff Road. The peak dry weather flow will be carried from the over
flow point northeasterly along the south bank of the Merrimack 
River in a new 84-in gravity sanitary tunnel to the intersection 
of Burnham Road, which is about 200 ft southwest of ihe Tewks
bury town line. At Burnham Road, an overflow chlorination station 
will be constructed to chlorinate the overflow from the existing 48- 
in combined sewer outlet. The peak dry weather flow will be trans
ported from this point in a new 84-in gravity tunnel across the 
Tewksbury line to the new pumping station at the sewage treat
ment plant site.

The B eaver B rook  In terceptor.

The Beaver Brook Interceptor is described as the new sewer to 
be constructed along the east bank of Beaver Brook from Pleasant 
Street in Dracut to the new North Bank Interceptor. The new 
sewer will be started at Pleasant Street in Dracut and will be con
structed as a 30-in sanitary sewer along the east bank of Beaver 
Brook to the intersection of Beaver Street in Lowell. Near Beaver 
Street, an existing 4 ft by  5 ft combined sewer will be intercepted and 
the Beaver Brook Interceptor will be constructed from this point as 
a 66-in combined sewer, cross-country to  the new North Bank In
terceptor. The Beaver Brook Interceptor will be constructed in 
open cut.

Sew age Treatm ent P lant.

Genera! D escrip tion . —  Fig. 38 shows a preliminary site layout of 
the new Lowell Regional sewage treatment plant and pumping sta
tion. The site is located on the south bank of the Merrimack River 
in Tewksbury adjacent to the Tewksbury-Lowell line. All plant 
equipment will be protected from high waters resulting from a river 
flood equal to the “ Corps of Engineers Modified 1936 F lood.”  The 
roads and the ground floors of the buildings will be built at an eleva
tion above this flood stage. Estimated tributary loads at the sewage 
treatment plant are given in Table 17.

Combined sewage from the South Bank Interceptor will enter 
the treatment plant site in the 84-in South Bank Interceptor. A 
future overflow chlorination station will be constructed at the bank 
of the river. The peak dry weather flow from the overflow point 
will be discharged to the pumping station.







T a b l e  1 7 . E stim a ted , I,o a d s T r ib u ta r y  to the Proposed. P ow ell Iteg io n a l Sew a ge T re a tm e n t P la n t.

It e m . Y e a r  1963. I n i t i a l  D e s ig n . Y ear 2010.

Tributary Population
C h e l m s f o r d ............................................................... - 22,000

D r a c u t ........................................................................ 1,000 20,000

Lowell ............................................. 90,000 92,000

Totals ............................................. 91,000 134,000
Min. Avg. Max. Peak Min. Avg. Max. Peak Min. Avg. Max. Peak
24-hr. Daily. 24-hr. Rate. 24-hr. Daily. 24-hr. Rate. 24-hr. Daily. 24-hr. Rate.

Sewage Flow, mgd

Sanitary Sewage ....................................................... 4.6 8.2 14.4 22.0 12.4 20.0 31.2 46.7

Industrial Wastes • • • • • • • 1.7 3.0 7.0 1.7 3.0 7.0

I n f i l t r a t i o n ............................................................... 8.7 13.0 18.2 18.2 14.5 21.7 30.2 30.2

Totals 13.3 22.9 35.6 47.2 17.0 30.0 45.0 59.0 26.9 43.4 64.4 83.9

5-day BOD, lbs/day

Sanitary S e w a g e ...................................................... 15,5001 26,8002

Industrial Wastes . . . . . . . 10,000 17,300

T o t a l s ......................................................................... 25,500 32,000 44,100

Suspended Solids, lbs/day

Sanitary S e w a g e ....................................................... 15,5001

Industrial W a s t e s ....................................................... 9,900

T o t a l s ......................................................................... 25,400

1 Based on 0.17 lbs/cap/day.
2 Based on 0.20 lbs/cap/day. t oo
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The proposed works will consist of a pumping station, main 
building, activated sludge basins, secondary sedimentation basins, 
a chlorine contact chamber and sludge digesters. N o primary 
sedimentation basins will be provided.

The wastewater will enter the pumping station through coarse 
trash racks which will remove rags, sticks and other large solids 
from  the wastewater. The wastewater will be pumped to screen
ing and grit removal facilities in the main building. The effluent 
from the grit chambers will be discharged to the activated sludge 
basins. The bulk of the pollutional load will be stabilized in the 
activated sludge basins and the treated wastewater will then flow 
through the secondary sedimentation basins where activated sludge 
will settle and be removed mechanically.

The sludge removed from the secondary sedimentation basins will 
be returned to the activated sludge basins at a rate up to approxi
m ately 40 per cent by  volume of the incoming raw liquid wastes. 
The excess activated sludge not returned to the aeration basins 
will be thickened by passing it through centrifuges and the thickened 
sludge will be pumped to digesters. The thickened digested sludge, 
together with grit, trash and screenings removed from the waste- 
water will be trucked away from  the plant and deposited in an ap
propriate disposal area.

Settled effluent from  the secondary basins will flow by gravity to 
the chlorine contact chamber. The effluent from the chlorine con
tact chamber will flow by gravity to the Merrimack River.

Sew age P u m p in g  Station . —  The pumping station substructure 
will be constructed of reinforced concrete. The superstructure will 
be constructed of masonry and faced with brick.

The dry weather flow will enter the pumping station in an 84-in 
sanitary sewer. The flow will pass through 2 parallel heavy-duty 
coarse trash racks. The racks will be mechanically cleaned and the 
trash from the racks will be conveyed to the ground-floor level for 
truck deposit. The effluent sewage from  the racks will be channeled 
to 3 separate wet wells, from which the sewage pumps will take the 
sewage by suction.

Initially 3 identical vertical centrifugal raw sewage pumps will 
be installed. Tw o of these pumps operating in parallel will be capa
ble of pumping the peak dry weather flow of 59 mgd as given in 
Table 17. The third pump will be a standby. Space will be avail
able for the installation of a fourth pump in the future. A t that 
time, 3 of the pumps operating in parallel will handle the peak
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dry weather flow of 84 mgd. The fourth pump will be a standby. 
The pumps will be driven by electric motors mounted overhead. 
The motors will be equipped with variable speed controls, so that 
the pumping rate will closely match the rate of sewage flow into 
the station. Controls will also be included for regulating the over
flow of combined sewage at the upstream overflow stations during 
wet weather.

The pump discharge will enter a 60-in force main in which a 
sewage flow meter will be installed. The flow measurement will 
be transmitted to a continuous recorder in the control cubicles in 
the superstructure. The 60-in force main wall transport the sewage 
to the screening and grit removal channels in the main building. 
A sluice gate located on the influent pipe to the pumping station will 
close on a power failure and the sewage will be bypassed to the river.

Main Buildings. —  The main building will be a 2-story struc
ture. The foundations will be constructed of reinforced concrete 
and the superstructure of masonry, faced with brick. The ground 
floor will house screening and grit removal equipment, sludge trans
fer pumps, maintenance facilities and a loading garage. The second 
floor will house sludge centrifuges, conveyors and office and labora
tory facilities.

Sewrage from the force main will enter 2 parallel screen chan
nels. Mechanical bar screens will be installed in the 2 channels. 
Screenings will be mechanically hoisted to the second floor level and 
from there transported on a belt conveyor to a discharge hopper over 
the garage for truck loading. Effluent from  the screen channels will 
enter 3 parallel grit channels. The grit channels will be designed 
to remove about 95% of the grit of 0.2 mm in diameter or larger at 
the maximum 24-hour design flow of 45.0 mgd. Adjustable veloc
ity regulators will be installed to assure efficient grit removal. Grit 
will be collected from the bottom  of the channels in slotted metal 
tubes. Mechanical flights inside the tubes will m ove the grit to 
the end of the channels and thence upward through enclosed tubes 
to the second floor level. At the second floor level the mechanical 

i tube conveyors will transport the grit to the discharge hopper over 
the garage for truck loading.

I Two centrifuges will be installed at the second floor level for 
iudge thickening. The sludge handling is discussed in a following 
section. A maintenance shop will be provided at the ground floor 

I kvel. Office and laboratory facilities will be housed on the second 
| floor of the structure.
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E xtended  A era tion  B asins. —  The basins will be constructed of 
earth with interior and exterior slopes of about 2 to 1. The interior 
slopes will be lined with concrete and the exterior slopes will be 
loamed and seeded. Two aeration basins will be provided, each 
about 400 ft long by 160 ft wide by 17 ft water depth. The deten
tion time provided will be about 12 hours at the present average 
daily flow through the basins of 32.1 mgd, and about 9.2 hours at 
the average daily flow of 42.0 mgd through the basins, at the end 
of the initial design period. It is expected that one of the basins 
will be able to serve the plant for a few days in case it may be nec
essary to dewater the second basin. Provision will be made for de
watering of the two basins. Space is available for the addition of 
future basins.

The aeration units in the activated sludge basins perform two 
major functions. The units mix the contents of the tank and add 
oxygen to the contents. The aerators will be of the mechanical 
type in which oxygen is added by transferring air into the tank at 
the surface by means of turbulence. The mechanical aerators will 
be designed to provide an excess of oxygen in the basins at all times.

Secondary Sedim entation B asins. —  The aerated sewage will pass 
from the aeration basins into the secondary sedimentation basins. 
In the latter basins the flocculent activated sludge will be settled out 
and be returned and mixed with the incoming sewage to repeat the 
purification cycle. The effluent from the secondary basins will be 
discharged into the chlorine contact chamber. The design bases 
and approximate sizes for the sedimentation basins are given in 
Table 18.
T a b l e  18. —  B a sis  o f  D esign  fo r  S econd ary S edim entation  B asin s  1 at the Lowell 

R egiona l Sew age T rea tm ent P la n t.

P r e s e n t  (1963). I n i t i a l D e s i g n .

Min.
24-lir.

Avg.
Daily.

Max.
24-hr.

Peak
Rate.

Min.
24-hr.

Avg.
Daily.

Max.
24-hr.

Peak
Rate.

Flow to sewage treat
ment plant, mgd . 

Return sludge, mgd .
13.3
9.2

22.9
9.2

35.6
9.2

47.2
9.2

17.0
12.0

30.0
12.0

45.0
12.0

59.0
12.0

Total flow to second
ary sedimentation 29.0 42.0 57.0 71.0basins, mgd 22.5 32.1 44.8 56.4

Overflow rate, gpd/sq 
ft . . . 341 487 680 854 439 636 863 1,070

1.4Detention time, hrs . 4.5 3.2 2.3 1.8 3.5 2.4

Horizontal velocity, 
fpm 0.61 0.88 1.23 1.54 0.79 1.15 1.56 1.94

' 10 sedimentation basins, each 40 ft wide by 165 ft long by 8 ft 6-in avg water depth.
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Ten basins will be provided, 5 to serve each aeration basin. 
The basins will be rectangular in shape and will be constructed of 
reinforced concrete. Activated sludge which settles on the bottom  
will be scraped in both directions from  the ends of each basin to the 
center of the basin by  wooden flights attached to endless chains. 
At the center of the basins, sumps will be provided from which 
sludge will be lifted by air to the sludge transfer pumps in the sludge 
pump house. The sludge pumps will return the sludge to the aera
tion basins. Excess sludge will be pumped to the centrifuge in the 
main building.

Scum and floating grease will be collected in scum troughs in the 
aeration basins before this material can enter the secondary basins. 
The scum and grease will be returned to the excess sludge pumps 
where it will be pumped through the centrifuge for thickening and 
then pumped to the digesters.

Sludge D isposal. —  The sludge pump house located near the sedi
mentation basins will house return and excess sludge pumps. The 
foundation of the building will be reinforced concrete and the super
structure of masonry construction. The excess sludge pumps will 
move the excess sludge to a centrifuge in the main building. This 
centrifuge will thicken the excess sludge and will be operated for 
24 hours a day. The thickened sludge will be transferred to 2 
digestion tanks. The digesters will be cylindrical in shape and con
structed of reinforced concrete. The exposed walls will be faced 
with brick. The digestion tanks will be designed to provide 15 
days’ digestion and 15 days’ storage. Digested sludge will be piped 
to the second centrifuge in the main building. This centrifuge will 
thicken the digested sludge and will be operated for about 8 hours 
a day. Both centrifuges will be interchangeable. The treated 
sludge will be deposited in a hopper over the garage for truck 
loading.

Chlorination B uild ing and Contact Cham ber. —  The chlorine con
tact tank will be constructed of reinforced concrete and will be de
signed to provide 45 minutes’ contact time at the present average 
daily flow of 22.9 mgd, giving a detention time of about 23 minutes 
at the maximum daily flow of 45.0 mgd occurring at the end of the 
initial design period.

The chlorination equipment will consist of chlorine feeders, 
| evaporators, scales and controls. The equipment will be housed 

in a superstructure built over part of the contact chamber. The
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installation will be sized for a maximum chlorine dosage of up to 
30 ppm. The chlorinated effluent will be piped to the Merrimack 
River.

E stim ated  Cost o f  C onstruction .
In itia l C onstruction . —  The cost of construction for the recom

mended initial construction program is given in Table 19. All costs 
include allowances for engineering and contingencies. The total 
estimated cost of the intercepting sewers is $19,890,000. The cost 
of the sewage treatment facilities is $11,050,000 and the cost of 
industrial waste pretreatment is $260,000. The total estimated 
construction cost of the recommended initial construction program 
is $31,200,000 at today ’s prices.
T a b l e  19. —  E stim ated  C ost o f  P rop osed  In itia l  C onstruction  P rogram  fo r  the

L ow ell R eg ion .
I Tem E stim ated  C ost}

In tercep tin g  S ew ers:
North Chelmsford Interceptor 
Chelmsford Center Interceptor 
North Bank Interceptor 
Pawtucket Street Interceptor 
Perkins Street Interceptor . 
Concord River Construction 
South Bank Interceptor 
Beaver Brook Interceptor

$ 2,000,000
740.000

7.720.000
250.000
840.000 

80,000
8.100.000

160.000

Total, Intercepting Sewers

S ew age T rea tm ent P la n t:
Sewage Pumping Station
M ain B u ild in g ............................................
Aeration B a s i n s ...................................
Sedimentation Basins •
Sludge Pump House •
Sludge D i g e s t e r s ...................................
Chlorination Facilities •
Yard W ork and Piping . . . .

. $5,000,000
1.450.000
1.450.000
1.170.000 

210,000 
260,000 
370,000

1.140.000

Total, Sewage Treatment Plant

S epara te In d u stria l T rea tm en t: 
Grease Removal Facilities $260,000

$19,890,000

Total, Separate Industrial Treatment

11,050,000

260,000

G r a n d  T o t a l , I n it i a l  C o n s t r u c t io n  P r o g r a m $31,200,000

■ All estimated costs include all allowances for engineering and contingencies.
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Future Construction. —  Table 20 gives the estimated current con
struction costs of the proposed future program including the Ken
wood Interceptor and the overflow chlorination stations. The total 
cost, including engineering and contingencies is $23,900,000 at 
today’s prices.
T able 20. —  Estimated, C ost o f  P rop osed  F u tu re C onstru ction  P rogra m  f o r  the

L ow ell R egion .
ITem . E stim ated

. „  Cost-Intercepting Sew ers:
Kenwood I n t e r c e p t o r .............................................................................. $200,000
Overflow Chlorination S t a t i o n s .............................................................  23,700,000

T o ta l , F u t u r e  C o n s t r u c t io n  P r o g r a m $23,900,000

The Lawrence Region.
General.

The proposed Lawrence Regional sewage works will serve the 
city of Lawrence and the towns of Andover, Methuen and North 
Andover. Fig. E (appended) shows a plan of the existing sewerage 
outlets, the new sanitary and combined intercepting sewers, sewage 
pumping station, sewage treatment facilities, and future storm over
flow chlorination stations proposed for construction in the Lowell 
region. A legend, indicating symbols for each item of construc
tion, is given on Fig. E (appended).

Much of the town of M ethuen’s sewerage system presently dis
charges into the Lawrence M unicipal sewers. The most economical 
way to treat the sewage from Methuen is in the proposed Lawrence 
Regional sewage treatment plant.

With two exceptions, the sewage from Andover and N orth An
dover sewerage systems now discharges into the Merrimack River 
a short distance upstream from the site of the proposed Lawrence 
sewage treatment plant. The possibility of treating these wastes 
at separate treatment facilities rather than at the Lawrence plant 
is not economically warranted. A  small and inadequate sewage 
treatment plant is located in Andover which will be abandoned 
in the near future. New industrial treatment facilities have been 
built for the Western Electric Plant in North Andover which prob
ably would continue in use during the design period.

The North B ank Interceptor I.

The North Rank Interceptor I is described as the now inter
cepting sewer to be started at the intersection of W ater Street
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and Bay State Road and constructed along Canal Street in a north
westerly direction, crossing the Spicket River, and thence running 
northwesterly along the north bank of the Merrimack River to a 
point just east of the new Interstate Route No. 495. The inter
ceptor will then cross the Merrimack River by gravity to the new 
Lawrence Pumping Station to be located on the south bank of the 
river.

An existing 54-in combined sewer will be intercepted at the corner 
of W ater Street and Bay State Road in a new 54-in sewer. The new 
54-in pipe wall be constructed in open cut in Canal Street up to the 
intersection of Lawrence Street just east of the Joseph W. Casey 
Bridge. A t the intersection of Lawrence and Canal streets, an 
existing 60-in combined sewer will be intercepted. The North 
Bank Interceptor will extend from this point as a 72-in combined 
sewer in Canal Street to the intersection of Newbury Street.

A t Newbury Street an existing 48-in combined sewer will be inter
cepted. The North Bank Interceptor I will be constructed in open 
cut along Canal Street as an 84-in pipe from Newbury to Union 
streets.

An existing 69-in combined sew7er presently discharging into the 
Spicket River at Garden Street will be intercepted with a new7 
72-in combined sewer at the corner of Garden and Allen streets. 
The new 72-in pipe will be constructed in Garden Street to the 
intersection of Union Street, and thence southerly on Union Street 
to the intersection of Canal Street. The 72-in pipe will be con
structed in open cut.

A t the corner of Union and Canal streets the new 84-in pipe 
and the new 72-in pipe from Union Street will be intercepted. 
The North Bank Interceptor I will be constructed from Union 
Street to a point about 500 ft west of the confluence of the Spicket 
and Merrimack rivers as a 108-in gravity tunnel. At this point 
the 108-in tunnel will be carried under the North Canal to a storm 
overflow chlorination station located on the land between the canal 
and the Merrimack River. The peak dry weather flow from the 
overflow point will be carried in a new 84-in gravity tunnel along 
Canal Street to the west bank of the Spicket River. An inverted 
siphon will be built under the Spicket River. At the outlet struc
ture of the inverted siphon an existing 24-in by 30-in oval com
bined sewer from Prospect Street will be intercepted. The new 
84-in gravity tunnel will be constructed from the outlet structure 
down Marston Street, and thence cross-country to the north bank
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of the Merrimack River at a point opposite the extension of High 
Street.

At High Street an existing 12-in combined sewer will be inter
cepted. The North Bank Interceptor I will continue from this 
point as an 84-in gravity tunnel to a point about 300 ft west of 
the new Interstate Route No. 495 bridge crossing. At this point 
an existing 36-in combined sewer will be intercepted and a new 
storm overflow chlorination station built. The peak dry weather 
flow from the overflow point will be transported under the high
way in an 84-in gravity tunnel. Following the highway crossing 
and a point just east of this crossing the North Bank Interceptor I 
will intercept the North Bank Interceptor II and proceed across the 
Merrimack River as an 84-in gravity sewer to the new Lawrence 
pumping station.

North Bank Interceptor I I .

The North Bank Interceptor II is described as the new sanitary 
sewer to be constructed in open cut in the north bank of the M er
rimack River, from Riverdale Street in Methuen to the inlet of 
the North Bank Interceptor I river crossing. An existing 20-in 
sanitary sewer from Riverdale Street in Methuen will be inter
cepted and transported in a new 36-in sanitary sewer along the 
north bank of the Merrimack River, crossing the Lawrence- 
Methuen line and extending to the extension of Cardiff Street in 
Lawrence. At Cardiff Street, an existing 18-in sanitary sewer will 
be intercepted and the North Bank Interceptor II will extend as 
a 36-in sanitary sewer to a point about 1,300 ft north of the new 
North Bank Interceptor I river crossing. At this point an exist
ing 24-in sanitary sewer will be intercepted and the North Bank 
Interceptor II will be constructed as a 36-in sanitary sewer to the 
inlet of the North Bank Interceptor I river crossing.

The South Bank Interceptor.

The South Bank Interceptor is described as the new sewer to be 
constructed in Merrimack Street on the south bank of the Alerri- 
mack River. The interceptor will start at the intersection of W ol
cott Avenue and Burke Street and extend northeasterly and then 
easterly along Merrimack Street, crossing underneath the new
nterstate Route No. 495, and thence run cross-country to the 

new Lawrence pumping station.
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An existing 72-in combined sewer will be intercepted at the inter
section of \\ olcott Avenue and Burke Street in a new 84-in gravity 
tunnel. The tunnel will be built in Merrimack Street, crossing 
South Broadway and Parker Street, and will extend to a point 
about 400 ft east of the Joseph W . Casey bridge. At this point an 
existing 36-in combined sewer will be intercepted and the South 
Bank Interceptor will proceed easterly along Merrimack Street as 
an 84-in gravity tunnel, crossing South Union Street, and extending 
to Osgood Street. A t Osgood Street an existing 54-in combined 
sewer will be intercepted and a new 84-in gravity tunnel will be 
constructed from this point along Merrimack Street to the inter
section of Temple Street. A t Temple Street a storm overflow chlori
nation station will be constructed.

The peak dry weather flow from the overflow point will be trans
ported in a new 60-in gravity tunnel along Merrimack Street, thence 
cross-country to the westerly edge of the new Interstate Route No. 
495 bridge crossing. A t this point an existing 36-in sanitary sewer 
from Andover will be intercepted, and a new 72-in gravity tunnel 
will be constructed underneath the new Interstate Route No. 495, 
thence cross-country to a point on the south bank of the Merrimack 
River about 700 ft east of the highway bridge crossing. At this 
point an existing 24-in sanitary sewer from North Andover will be 
intercepted and the South Bank Interceptor will proceed in the 
south bank of the Merrimack River to the new Lawrence pumping 
station. About 300 ft southwesterly of the pumping station an 
existing 20-in sanitary sewer from North Andover will be inter
cepted. The new 72-in pipe from the first North Andover outlet 
to the pumping station will be constructed in open cut.

T he S p icket R iver R e lie f  Sewer.

The Spicket River Relief Sewer will not be part of the initial con
struction program. The relief sewer is to intercept existing over
flows along the Spicket River and will not be required until chlori
nation works for storm overflows are constructed.

The existing Spicket River Interceptor is a combined sewer, and, 
during storms, flows in excess of the capacity of the sewer are dis
charged to the Spicket River at various points. The Spicket River 
Relief Sewer will be designed to relieve the existing Spicket River 
Interceptor of the flows in excess of its capacity. The combined 
capacity of the existing interceptor and the relief sewer will be



1964.] HOUSE —  N o. 3733. 139

adequate to carry the combined sewage to an overflow chlorination 
station to be built at the sharp bend of the Spicket River near the 
intersection of Brook and Union streets.

The Spicket River Relief Sewer is described as the sewer to be 
started at a point on Broadway Street in northwest Lawrence, on 
the north bank of the Spicket River. From this point the sewer 
will parallel the existing Spicket River Interceptor along Broadway 
Street, Stannard Place, thence along Holly Street to Daisy Street; 
along Daisy Street and crossing the Spicket River to M yrtle Street 
on the north bank. The sewer will then be constructed on M yrtle 
Street to the intersection of I  itz Street, thence cross-country from 
Fitz Street to Erving Avenue. The sewer will be constructed along 
Erving Avenue to the intersection of Albion Street, thence across 
the Spicket River to the intersection of Newbury Street. The 
sewer will then run along Brook Street to the future overflow chlori
nation station.

An existing overflow from the Spicket River Interceptor at the 
north bank of the Spicket River on Broadway Street will be inter
cepted with a 36-in relief sewer. The 36-in sewer will be constructed 
as a gravity crossing under the Spicket River and thence southeast
erly to the intersection of Stannard Place and Broadway. The sewer 
will be constructed in Stannard Place to the intersection of Holly 
Street, thence southeasterly along Holly Street to the intersection 
of Daisy Street. The sewer will be constructed northeasterly on 
Daisy Street to the southwest bank of the Spicket River, the Spicket 
River by gravity, and thence cross-country to M yrtle Street near 
the intersection of Spruce Street. The sewer will proceed along 
Myrtle Street in an easterly direction to the intersection of Ham p
shire Street.

The existing overflow sewer from Hampshire Street on the south 
bank of the Spicket River will be intercepted in a 36-in pipe. The 
Pipe will be constructed under the river as a gravity crossing, thence 
northerly along Hampshire Street to the Spicket River Relief Sewer, 
ihe existing overflow from the Spicket River Interceptor on the 
north bank at Hampshire Street will be discontinued. From  H am p
shire Street, a 60-in relief sewer will be constructed in open cut along 
dvrtle Street in an easterly direction to the intersection of Law
rence Street.

The existing overflow sewer discharging from Lawrence Street to 

! ; l bpii et RlVer ° !\ the SOUth bank wil1 be intercepted in a 24-in
iver as a

Pipe The pipe wdl be constructed under the Spicket Ri
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gravity crossing, thence northwesterly along Lawrence Street to the 
relief sewer. The existing overflow from the Spicket River Inter
ceptor on the north bank at Lawrence Street will be discontinued. 
From Lawrence Street, a 72-in relief sewer will be constructed across 
a vacant lot to the intersection of Bruce Street. The 72-in pipe will 
continue along Erving Avenue to the intersection of Short Street.

At Short Street the existing overflow sewer on the south bank of 
the river will be intercepted in a 36-in pipe. The 36-in pipe will 
cross the Spicket River to the north bank by gravity and be inter
cepted by  the relief sewer on Erving Avenue. The 72-in relief 
sewer will be constructed from this point along Erving Avenue in 
open cut to the intersection of Jackson Street.

A t Jackson Street the existing south bank overflow sewer will 
be intercepted in a 24-in pipe. The 24-in pipe will cross the river 
to the north bank by gravity and be intercepted by the relief sewer. 
The existing north bank overflow from the Spicket River Inter
ceptor will be discontinued. From Jackson Street the relief sewer 
will be constructed along the north bank of the Spicket River to a 
point opposite the extension of Albion Street. The relief sewer will 
be an 84-in round pipe constructed in open cut from Jackson Street 
to Albion Street. A t a point near Albion Street the relief sewer 
will cross under the Spicket River by  gravity to the intersection 
of Newbury and Brook streets on the south bank of the river.

A t Newbury Street the existing overflow sewer on the north bank 
of the Spicket River will be intercepted in a 30-in sewer. The 30-in 
pipe will cross the river by  gravity to the south bank and be inter
cepted by  the relief sewer at Newbury Street. The existing over
flow on the south bank of the river at Newbury Street will be 
discontinued. From  Newbury Street the relief sewer will be con
tinued as an 84-in pipe in open cut northeasterly along Brook Street 
to the corner of Brook Street, and via Arrow Terrace to the sharp 
bend in the Spicket River. A t this point, an overflow chlorination 
station will be constructed on the southwest bank of the river.

Peak dry weather flow from  the overflow point will be carried 
in the existing Spicket River Interceptor along Brook Street, thence 
cross-country in the southwest bank of the Spicket River to the 
intersection of Haverhill Street, thence southerly along Allen Street 
to the intersection of Garden and Allen streets. The existing over
flow sewer on the northeast bank of the Spicket R iver near the 
intersection of Prospect and Grove streets will be intercepted in 
a 30-in round pipe. The new pipe will cross under the river by
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gravity and be intercepted by the existing Spicket River Inter
ceptor. A t the intersection of Garden and Allen streets the exist
ing 69-in Spicket River Interceptor outlet will be intercepted by 
the new 72-in pipe described under “ The North Bank Interceptor I .”

Sewage P u m p in g  Station.

The Lawrence Regional pumping station will be located on the 
south bank of the Merrimack River in North Andover about 1,800 
ft east of the Interstate Route N o. 495 bridge crossing. The sta
tion substructure will be reinforced concrete and the superstructure 
will be masonry with brick facing. The station equipment and 
superstructure will be protected from the high river stage resulting 
from the “ Corps of Engineers M odified 1936 F lood.”  A  sluice 
gate located on the influent pipe will automatically close on a powder 
failure and the sewage will be bypassed to the river.

The dry weather flow7 will enter the pumping station in the 72-in 
South Bank Interceptor. The flow will pass through coarse trash 
racks which will remove rags, sticks and other coarse solids from 
the sewage. The racks will be mechanically cleaned and the trash 
from the racks will be conveyed to the ground floor for truck de
posit. The effluent from the racks will be channeled to 3 sepa
rate wet wells from which the sewage pumps will take the sewage 
by sucf/ion. Initially, 4 identical vertical centrifugal raw sewage 
pumps will be installed. Three of the pumps operating in parallel 
will be capable of pumping the peak dry weather flow of 100 mgd 
as given in Table 21. The fourth pump will be a standby. Space 
will be available for the installation of a fifth pump in the future. 
At that time, 4 of the pumps operating in parallel will handle 
the peak dry weather flow of 144 mgd estimated for the year 2010. 
The fifth pump will be a standby. The pumps will be driven by 
electric motors mounted overhead. The motors will be equipped 
with variable speed controls so that the pumping rate will closely 
match the rate of sewage flow into the station. Controls will also 
be included for regulating the overflow of combined sewage at the 
upstream overflow stations during wet weather. The pump dis
charge will enter a 72-in force main in which a sewage flow meter 
will be installed. The flow measurement will be transmitted to a 
continuous recorder. The force main will convey the sewage to the 
screening and grit removal facilities in the main building at the 
sewage treatment plant.
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Sew age Treatm ent P lant.

G eneral D escrip tion . —  Figure 39 shows a preliminary site layout 
of the new Lawrence Regional sewage treatment plant. The site 
is located adjacent to the Lawrence Municipal Airport. All plant 
equipment will be protected from the high river stage resulting 
from the “ Corps of Engineers Modified 1936 Flood.”  The pro
posed works will consist of a main building, activated sludge basins, 
secondary sedimentation basins, a chlorine contact chamber, and 
sludge digesters. N o primary sedimentation basins will be pro
vided.

The pumped sewage will enter the main building in a 72-in force 
main. The sewage will pass through screening and grit removal 
equipment. The effluent from the grit chambers will be discharged 
to the activated sludge basins. The bulk of the pollutional load 
will be stabilized in the activated sludge basins and the treated 
sewage will then flow through the secondary sedimentation basins 
where the activated sludge will settle and be removed mechanically. 
The sludge removed from  the secondary sedimentation basins will 
be returned to the activated sludge basins at a rate up to approxi
mately 40 per cent by  volume of the incoming raw liquid wastes. 
The excess activated sludge not returned to the aeration basins 
will be thickened by  passing it through centrifuges and the thickened 
sludge will be pumped to digesters. The digested sludge will be 
thickened by  centrifuging a second time. The thickened digested 
sludge, together with the grit and screenings removed from the 
wastewater, will be trucked away from the plant and deposited in 
an appropriate disposal area. Settled effluent from the secondary 
sedimentation basins will flow by gravity to the chlorine contact 
chamber. The effluent from the chlorine contact chamber will 
flow b y  gravity to the M errimack River.

M a in  B u ild in g . —  The main building will be constructed as a 
two-story structure. The foundations will be constructed of rein
forced concrete and the superstructure of masonry, faced with 
brick. The ground floor will house screening and grit removal 
equipment, sludge transfer pumps, maintenance facilities and a 
loading garage. The second floor will house sludge centrifuges, 
conveyors and office and laboratory facilities.

Sewage from the force main will enter two parallel screen chan
nels. Mechanical bar screens will be installed in the 2 channels.







Taulk 21. • J^st-imalad floruits Tri-btctctry la the J *roposed  / . ( Ii.egi.orta.1 Setoage Trecttm&rvt 1 "la.n.l.

Y e a h  1 9 0 3 . I . ' D e s i g n . Y e a r  2 0 1 0 .

13,000 32,000
9,000 30,000

70,000 68,000
17,000 40,000

109,000 170,000

Min.
24-hr.

Avg. Max. 
Daily. 24-hr.

Peak
Rate.

Min.
24-hr.

Avg. Max. 
Daily. 24-hr.

Peak
Rate.

Min.
24-hr.

Avg. Max. 
Daily. 24-hr.

Peak
Rate.

6.4 10.8 18.4 27.5 20.7 31.8 47.7 70.0
- 12.0 18.0 25.0 - - - - 15.5 22.0 31.5

12.2 18.2 24.1 24.1 - - - 19.5 29.2 42.8 42.8
18.6 41.0 60.5 76.6 26.0 52.0 79.0 100.0 40.2 76.5 112.5 144.3

18,5001 - 34,0002
23,200 - 42,000
41,700 53,000 76,000

18,500i

35,300

53,800

Tributary Population 
Andover .
North Andover 

Lawrence .
Methuen .

Totals .

Sewage Flow, mgd 

Sanitary Sewage 

Industrial Wastes 

Infiltration 

Totals .

5-day BOD lbs./day 

Sanitary Sewage 

Industrial Wastes 

Totals .

Suspended Solids, lbs/day 

Sanitary Sewage 

Industrial Wastes 

Totals .

1 Based on 0.17 lbs/cap/day.
2 Based on 0.20 lbs/cap/day. CO

H
O

U
SE

 —
 N

o. 373,



144 HOUSE —  N o. 3733. [June

Screenings will be mechanically hoisted to the second floor level and 
from  there transported on a belt conveyor to a discharge hopper 
over the garage for truck loading. Effluent from the screen cham
bers will enter three parallel grit channels. The grit channels will 
be designed to remove about 95 per cent of the grit of 0.2 mm in 
diameter or larger at the maximum 24-hour flow of 79 mgd as given 
in Table 21. Adjustable velocity regulators will be installed to in
sure efficient grit removal. Grit will be collected from the bottom 
of the channels in slotted metal tubes. Mechanical flights inside 
the tubes will move the grit to the end of the channels and thence 
upward through enclosed tubes to the second floor level. At the 
second floor level the mechanical tube conveyors will transport the 
grit to the discharge hopper over the garage for truck loading.

Three centrifuges will be installed at the second floor level for 
sludge thickening. The sludge handling is discussed in a following 
section. A  maintenance shop will be provided at the ground floor 
level. Office and laboratory facilities will be housed on the second 
floor of the structure.

E xtended  A era tion  B asin s. —  The basins will be constructed of 
earth with interior and exterior slopes of about 2 to 1. The interior 
slopes will be lined with concrete and the exterior will be loamed and 
seeded. Four aeration basins will be provided, each about 365 ft 
long by  155 ft wide by  17 ft water depth. The detention time pro
vided will be about 12 hours at the present average daily flow 
through the basins of 57.4 mgd, and about 9.5 hours at the average 
daily flow of 72.8 mgd through the basins at the end of the initial 
design period.

The aeration units in the activated sludge basins perforin two 
m ajor functions. The units mix the contents of the tank and add 
oxygen to the contents. The aerators will be of the mechanical 
type in which oxygen is added by  transferring air into the tank 
at the surface by  means of turbulence. The mechanical aerators 
will be designed to provide an excess of oxygen in the basins at all 
times. It is expected that 3 of the basins will be able to serve 
the plant for a few days in case it may be necessary to dewater the 
fourth basin. Provision will be made for dewatering of the 4 
basins. Space is available for the addition of future basins.

Secondary Sedim entation  B asins. —  The aerated wastewater will 
pass from the aeration basins into the secondary sedimentation 
basins. In the latter basins the flocculent activated sludge will be
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settled out and be returned and mixed with the incoming sewage 
to repeat the purification cycle. The effluent from  the secondary 
sedimentation basins will be discharged into the chlorine contact 
chamber. The design bases and the approximate sizes for the aera
tion basins are given in Table 22.

Sixteen basins will be provided, 4 to serve each aeration basin. 
The basins will be rectangular in shape and will be constructed of 
reinforced concrete. Activated sludge, which settles on the bottom , 
will be scraped in both directions from the ends of each basin to 
the center of the basin by wooden flights attached to endless chains. 
At the center of the basin sumps will be provided from which sludge

Table 22. — Basis of Design for Proposed Secondary Sedimentation Basins 1 at 
the Lawrence Regional Sewage Treatment Plant.

P r e s e n t  ( 1 9 6 3 ) . I n i t i a l  D e s i g n .

Min.
2 4 -h r .

Avg.
Daily.

Max.
2 4 - h r .

Peak
Rate.

Min.
2 4 - h r .

Avg.
Daily.

Max.
2 4 - h r .

Peak
Rate.

Flow to sewage treat
ment plant, mgd . 

Return sludge, mgd .
1 8 .6
1 6 .4

4 1 .0
1 6 .4

6 0 .5
1 6 .4

7 6 . 6
1 6 .4

2 6 .0
2 0 . 8

5 2 . 0
2 0 . 8

7 9 . 0
2 0 . 8

1 0 0 .0
2 0 .8

Total flotv to second
ary sedimentation 
basins, mgd

Overflow rate, gpd/sq 
ft .

Detention time, h r s  .
Horizontal velocity, 

fpm .

3 5 .0

3 0 5
5 . 3

0 .5 7

5 7 .4

4 9 8
3 . 2

0 .9 2

7 6 .9

6 6 8
2 . 4

1 .2 4

9 3 . 0

8 0 9
2 . 0

1 .5 0

4 6 . 8

4 0 7
4 . 0

0 . 7 6

7 2 .8

6 3 3
2 . 6

1 .1 8

9 9 . 8

8 6 7
1 . 9

1 .6 1

1 2 0 .8

1 ,0 5 0
1 . 5

1 .9 5

1 16 s e d i m e n t a t i o n  b a s i n s ,  e a c h  4 0  f t  w i d e  b y  1 8 0  f t  l o n g  b y  9  f t  0 - i n  a v g  w a t e r  d e p t h .

will be lifted by air to the sludge transfer pumps in the sludge pump 
houses. The sludge pumps will return the sludge to the aeration 
basins. Excess sludge will be pumped to the centrifuges.

Scum and floating grease will be collected in scum troughs in the 
aeration basins before this material can enter the sedimentation 
basins. The scum and grease will be returned to the excess sludge 
pumps where it will be pumped through the centrifuges for thicken
ing and then pumped to the digesters.

Sludge Disposal. —  The sludge pump houses located near the sedi
mentation basins will house return sludge pumps and excess sludge 
pumps. The foundation of the buildings will be constructed of re
inforced concrete and the superstructure of masonry construction.
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Ihe excess sludge pumps will move the excess sludge to centrifuges 
in the main building. These centrifuges will thicken the excess 
sludge and will be operated for 24 hours a day. The thickened 
sludge will be transferred to 4 digestion tanks. The digesters 
will be cylindrical in shape and constructed of reinforced concrete. 
The exposed walls will be faced with brick. The digestion tanks 
will be designed to provide 15 days’ digestion and 15 days’ storage. 
Digested sludge will be piped to the centrifuges in the main build
ing. The centrifuges will thicken the digested sludge and will be 
operated for about 8 hours a day. All 3 centrifuges will be inter
changeable. The treated sludge will be deposited in the hopper 
over the garage for truck loading.

C hlorination  B u ild in g  and Contact Cham ber. —  The chlorine con
tact tank will be constructed of reinforced concrete and will be 
designed to provide 45 minutes’ contact time at the present average 
daily flow of 41 .0  mgd, giving a detention time of about 23 minutes 
at the maximum daily flow of 79 .0  mgd occurring at the end of the 
initial design period.

The chlorination equipment will consist of chlorine feeders, evap
orators, scales and controls. The equipment will be housed in a 
superstructure built over part of the contact chamber. The instal
lation will be sized for a maximum dose of up to 30 ppm. The 
chlorinated effluent will be discharged by  gravity to the Merrimack 
River below the N orth Andover well fields.

E stim ated  Cost o f  C onstruction.

In itia l C onstruction . —  The estimated cost of construction for the 
recommended initial construction program is given in Table 23. All 
costs include allowances for engineering and contingencies. The in
tercepting sewers are estimated to cost $14,660,000; the sewage 
pumping station $6,000,000; the sewage treatment plant $10,300,- 
000; and separate industrial grease removal facilities $240,000. The 
total estimated cost to the Lawrence Region for the initial construc
tion program is $31,200,000.

F uture C onstruction . —  The estimated cost of future construction, 
including $1,600,000 for the Spicket River Relief Sewer and $9,-
800,000 for overflow chlorination stations, is given in Table 24. The 
total estimated cost of future construction is $11,400,000, including 
allowances for engineering and contingencies. These estimated costs 
are based on current construction costs.
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Table 23. —  Estimated Cost of Proposed Initial Construction Program for
Lawrence Region.

Item.
Intercepting Sew ers:

North Bank Interceptors Nos. I and II 
South Bank Interceptor

Estimated Cost1.

$7,640,000
7,020,000

the

Total, Intercepting Sewers $14,660,000

Sewage Pumping Station

Sewage Treatment Plant: 
Main Building . 
Aeration Basins 
Sedimentation Basins 
Sludge Pump House 
Sludge Digesters 
Chlorination Facilities 
Yard Work and Piping

6,000,000

1.500.000
2.620.000
2.040.000

410.000
550.000
520.000

2.660.000

Total, Sewage Treatment Plant .

Separate Industrial Treatment:
Grease Removal F a c il it ie s .........................................

Total, Separate Industrial Treatment

Grand Total, Initial Construction Program

10,300,000

240,000

240,000

. $31,200,000

All estimated costs include allowance for engineering and contingencies.

Table 24. Estimated Cost of Proposed Future Construction Program for the
Lawrence Region.

Item.
Spicket River Relief Sewer 
Overflow Chlorination Stations

Estimated
Cost.

$1,600,000
9,800,000

Total, Future Construction Program $11,400,000

General.
The Haverhill Reg i o n .

The proposed Haverhill Regional sewage works will serve the 
, y °f HayeriuU and m the future the town of Groveland. Fig F 
Appended) shows a plan of the existing sewerage outlets, the new
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sanitary and combined intercepting sewers, pumping stations, sew
age treatment facilities, and future storm overflow chlorination 
stations to be constructed in the Haverhill region. A  legend indi
cating symbols for each item of construction is given on Fig. F (ap
pended) .

The sewage from Groveland will, in the future, be transported 
across the Merrimack River to the North Bank Interceptor II. 
The proximity of Groveland to the upper end of this interceptor 
will make it more economical to pipe the Groveland wastes to the 
Haverhill sewage treatment plant than to treat the sewage at a 
separate facility.

N orth  B an k  In tercep tor I .

The North Bank Interceptor I is described as the new combined 
intercepting sewer to  be constructed in open cut along the north 
bank of the Merrimack River starting at Alpha Street at a point 
about 500 ft west of the confluence of Creek Brook and the Merri
mack River. The new sewer will be constructed from this point in 
the north bank of the river to an overflow chlorination station to 
be located on the river bank near the intersection of Varnum and 
River streets.

The existing 18-in combined sewer outlet presently discharging 
into the Merrimack River at a point about 500 ft west of the con
fluence of Creek Brook and the Merrimack River will be inter
cepted with a new 30-in combined sewer. The new 30-in sewer 
will extend along River Street from this point to the west bank of 
Creek Brook. Creek Brook will be crossed with a gravity sewer 
necessitating the construction of a new culvert at this point. From 
the east bank of Creek Brook the new 30-in combined sewer will 
extend in a southeast direction along River Street to a point op
posite Niagara Street, located about 1,500 ft upstream of the 
sharp bend in the river.

A t Niagara Street an existing 18-in combined outlet will be inter
cepted. A  new 36-in combined sewer will be constructed from 
Niagara Street to Florence Avenue. A t Florence Avenue an 
existing 18-in combined outlet will be intercepted and a new 48-in 
combined interceptor will be constructed for a short distance along 
Florence Avenue to its intersection with M argin Street. From this 
point the 48-in sewer will be built in M argin Street to the intersec
tion of Lamont Street. A t Lamont Street an existing 20-in com 
bined outlet will be intercepted, and the North Bank Interceptor I
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will be constructed from this point along Margin Street to the in
tersection of Beach Street as a 54-in combined sewer. At Beach 
Street an existing 30-in combined outlet will be intercepted, and 
the North Bank Interceptor I will continue from this point along 
Margin Street as a 72-in combined sewer to the intersection of 
Ayer Street. A t Ayer Street an existing 24-in combined outlet will 
be intercepted, and the North Bank Interceptor I will be con
structed for a short distance northerly along Ayer Street to the 
intersection of River Street. From  this point the 72-in pipe will 
be constructed along River Street to a point in the street about 
200 ft northeast of the intersection of River and Varnum streets.

The flow from an existing 24-in sewer on Ford Street will be in
tercepted in a new 48-in pipe. The new pipe will be constructed in 
open cut in River Street from the intersection of Ford Street up to 
the intersection of the new 72-in pipe.

Mixed sewage and storm water from the new 72-in and the 48-in 
pipes will be transported to a point on the north bank of the Merri
mack River where an overflow chlorination station will be con
structed. The peak dry weather flow from the overflow point will 
be transported across the Merrimack River by an inverted siphon 
to a point on the south bank about 2,000 ft southwest of the Boston 
& Maine Railroad bridge crossing.

North Bank In terceptor I I .

The North Bank Interceptor II includes two new combined in
tercepting sewers to be constructed along the north bank of the 
Merrimack River. One sewer will extend from Groveland Street 
to the intersection of Water Street and Buttonwood Avenue and 
the other sewer will be constructed in W ater Street from the inter
section of Alain Street to Buttonwood Avenue. Both sewers will 
be constructed in open cut.

The existing 24-in combined sewer discharging from Groveland 
Street will be intercepted in a new 42-in pipe. The new interceptor 
will be built for a short distance in Riverside Avenue and thence 
cross-country in the north bank of the M errimack River to the in
tersection of Nettleton Avenue and Riverside Avenue, thence along 
Riverside Avenue to Polk Street. A t Polk Street an existing 15-in 
combined sewer will be intercepted, and the new 42-in North Bank 
Interceptor II will continue along Riverside Avenue to the inter
section of Munroe Street. At Munroe Street an existing 20-in
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combined sewer will be intercepted and the 42-in North Bank In
terceptor II  will continue in Riverside Avenue to the intersection 
of Adams Street. At Adams Street an existing 12-in combined 
sewer will be intercepted and the new 48-in North Bank Intercep
tor II will extend in Riverside Avenue from Adams Street to the 
intersection of Keeley Street. A t the intersection of Keeley Street 
an existing 15-in combined sewer will be intercepted. A new 54-in 
combined sewer will be constructed in W ater Street from the inter
section of Keeley Street to Boardman Street. At the intersection 
of Boardman Street an existing 39-in by  50-in oval combined sewer 
will be intercepted. The North Bank Interceptor II will be con
structed in W ater Street from the intersection of Boardman Street 
to  Buttonwood Avenue as an 84-in combined sewer.

A t the intersection of M ain and W ater streets, an existing 3G-in 
combined sewer outlet will be intercepted in a new 84-in pipe. The 
new 84-in sewer will be constructed in W ater Street to the intersec
tion of Lindel Street. Between M ain Street and Lindel Street, sev
eral existing combined sewer overflows will be intercepted in the 
new 84-in pipe. A t the intersection of W ater and Lindel streets, 
an existing 36-in combined sewer will be intercepted. From this 
point the new 84-in pipe will continue in W ater Street to the inter
section of M ill Street. At M ill Street an existing 36-in combined 
sewer will be intercepted. From  M ill Street the new North Bank 
Interceptor II will be constructed as a 96-in combined sewer along 
W ater Street to  the intersection with Buttonwood Street.

A t the intersection of W ater and Buttonwood streets, an overflow 
chlorination station will be built on the north bank of the Merrimack 
River. The peak dry weather flow from the overflow point will be 
transported across the river in an inverted siphon to a point on the 
south bank slightly downstream from Brook Street.

The W a sh in gton  Square A rea .

The congested Washington Square Area is presently sewered by 
a number of combined sewers discharging into the Merrimack River 
at the confluence of the Little and the Merrimack rivers. Two 
overflows exist along the Little River in the vicinity of W inter Street. 
These overflows function during storms and high river stages to pre
vent the flooding of the W ashington Square area. The Little River 
between Winter Street and its confluence with the Merrimack River 
is enclosed in a conduit.
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The sewage that is not discharged at the overflow points at Winter 
Street is conveyed to an existing pumping station at the confluence 
of the Little and Merrimack rivers. This pumping station is by 
passed during low river stages. During flood stages the pumps oper
ate to lift the sewage from the Washington Square area into the 
river. There are a number of other overflows into the Merrimack 
River along Merrimack Street in the Washington Square area.

We propose separation of about 130 acres of existing combined 
sewers in the Washington Square area. The separation program 
will consist of building new sanitary sewers where existing combined 
sewers exist. The existing sewers will be used to conduct storm 
water to the existing pumping station and be bypassed around the 
station during low river stages as is now the case. During flood 
stages in the Merrimack River, the existing pumping station will 
continue to lift the storm water into the river.

The sewage will be conducted in the new sanitary sewers to a new 
pumping station to be built in the same general location as the exist
ing pumping station. The new sewage pumping station will lift the 
sewage from the Washington Square area into a force main to be 
built under the Merrimack River to  the south bank.

The overflows in the vicinity of W inter Street will still exist. 
We propose construction of a chlorination station at W inter Street 
to treat these overflows. The existing Little River conduit between 
Winter Street and the Merrimack River will be used as the chlorine 
contact chamber. Sufficient contact time is available in this conduit.

It will be necessary in the initial program to  separate the W ash
ington Square area combined sewers and to build the new sewage 
pumping station and force main across the river. The new chlori
nation station proposed at Winter Street will not be built until 
such time as the remaining overflow chlorination stations along the 
river are constructed.

The new Washington Square pumping station substructure will 
be reinforced concrete and the superstructure will be of masonry 
construction. The structure will be large enough to house pumps 
capable of handling the estimated peak sewage flow of 24 mgd 
from the Washington Square area for the year 2010. Initially, 
pumps will be installed to handle the peak flow of 16 mgd for the 
initial design period.

The sewage entering the station will pass through a grinder. A  
bypass will be provided around the grinder to  be used in event the 
latter is out of service for repairs. The bypass channel will be



152 HOUSE —  N o. 3733. [June

equipped with a hand-cleaned bar rack. The sewage from the 
grinder will enter the station wet well from which the sewage pumps 
will take the sewage by suction. The pumps will be driven by elec
tric motors, equipped with variable speed controls, so that the 
pump discharge will closely match the influent sewage flow. Standby 
power equipment will be installed. A flowmeter will be installed in 
the discharge piping from the pumps to measure the total quantity 
of sewage. The flow measurement will be transmitted to a contin
uous recorder in the station.

The South B an k  In terceptor.

The South Bank Interceptor is described as the new intercepting 
sewer to be constructed on the south bank of the Merrimack River, 
starting at a point opposite the extension of Merrill Avenue. The 
new intercepting sewer will parallel the south bank of the river from 
this point to the sewage treatment plant site located opposite the 
northwesterly tip of Hales Island on the south bank. This sewer 
will be constructed as a gravity tunnel with the exception of about 
the first 300 ft of open cut construction from Merrill Avenue to the 
interception of the inverted siphon from the north bank. Also in
cluded as part of the South Bank Interceptor is a short piece of new 
sanitary sewer to be constructed in open cut from M aynard Street 
in Haverhill to the sewage treatment plant site.

The existing 30-in combined sewer outlet presently discharging 
into the Merrimack River opposite Merrill Avenue will be inter
cepted in a new 54-in pipe. About 300 ft downstream from this 
point a new inverted siphon carrying peak dry weather flow from 
the N orth Bank Interceptor I will be intercepted in the South Bank 
Interceptor. A  new 54-in combined sewer will extend from this 
point along Railroad Avenue, crossing the square at the Boston & 
M aine Railroad bridge site, and then to the south bank of the Merri
mack River opposite Bradford Street. A t Bradford Street an exist
ing 48-in combined sewer will be intercepted. A new 84-in pipe will 
be constructed cross-country on the south bank of the river from 
Bradford to Prospect Street. At Prospect Street an existing 15-in 
combined sewer will be intercepted. The 84-in tunnel will continue 
from Prospect Street to the point of interception of the force main 
from the new Washington Square sewage pumping station at Lin
coln Street. From Lincoln Street a 96-in round combined tunnel 
will be constructed along the south bank to the intersection of Chad-
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wick Street. At Chadwick Street an existing 12-in combined sewer 
will be intercepted. The 96-in tunnel will continue to the Main 
Street bridge crossing. A t M ain Street an existing 36-in combined 
sewer will be intercepted and the 96-in tunnel will cross the railroad 
tracks and extend down the south bank of the river between the 
railroad and the river’s edge. The 96-in tunnel will continue to an 
existing outfall pipe from Ferry Street. The existing 24-in outfall 
will be intercepted and an overflow chlorination station will be con
structed on the south bank of the river opposite Ferrv Street.

A new 60-in sanitary tunnel will intercept the peak dry weather 
flow from the overflow point and will be constructed in the south 
bank of the river to a point opposite Brooks Street, where the 
North Bank Interceptor II inverted siphon will be intercepted. 
From the siphon outlet, a new 72-in tunnel will be constructed 
to the sewage treatment plant site.

An existing sanitary sewer from M aynard Street will be inter
cepted in a new 18-in sanitary sewer to be constructed on the south 
bank of the river to the sewage treatment plant site.

Sewage Treatment Plant.

General. —  Fig. 40 shows a preliminary site layout of the pro
posed Haverhill Regional sewage treatment plant. The site is 
located on the south bank of the M errimack R'iver in Haverhill, 
several hundred yards south of the Continental Can Company! 
All plant equipment will be protected from the high river stage 
resultant from the “ Corps of Engineers M odified 1936 F lood.”  
Estimated tributary loads at the sewage treatment plant are 
given m Table 25. The proposed works will be of the primary 
type and will consist of a pump and filter building, a sludge pump 
and chlorination building and primary sedimentation basins.

The sewage will enter the pump and filter building where coarse 
racks will remove large solids. The sewage will then be pumped to 
the screenings and grit removal facilities on the ground floor of the 
building. The effluent from the grit chambers will flow by gravity 
to t e sedimentation basins where primary raw sludge will settle 
and be moved mechanically to hoppers at the influent end of the 
asms The sludge will be pumped from the hoppers to vacuum 

hters for dewatering. The dewatered sludge will be conveyed to 
oppers for truck deposit. The trucks will haul the sludge, together 

gn and screenings, to an appropriate disposal area. Chlorine



T a b l e  25 . —  Estimated Loads Tributary to the Proposed Haverhill Regional Sewage Treatment Plant.

I t e m . Y ear  1963. I n i t i a l  D e s i g n . Y ear  2010.

Tributary Population

H averh ill......................................................................... 44,000 66,700

G r o v e l a n d ................................................................ - 7,000

T o t a l s ......................................................................... 44,000 73,700

Min. Avg. Max. 
24-hr. Daily. 24-hr.

Peak
Rate.

Min.
24-hr.

Avg. Max. 
Daily. 24-hr.

Peak
Rate.

Min.
24-hr.

Avg. Max. 
Daily. 24-hr.

Peak
Rate.

Sewage Plow, mgd

Sanitary S e w a g e ...................................................... 2.3 4.4 8.3 13.0 7.3 12.2 20.2 30.5

Industrial W a s t e s ...................................................... 3.7 4.0 4.0 - 6.0 6.0 6.0

Infiltration 6.6 9.9 14.5 14.5 - - - 10.7 16.0 23.5 23.5

T o t a l s ............................................. 8.9 18.0 26.8 31.5 12.0 23.1 34.4 41.0 18.0 34.2 49.7 60.0

5-day BOD, lbs/day

Sanitary S e w a g e ...................................................... 7,4001 14,8002

Industrial W a s t e s ...................................................... 9,900 - 19,800

T o t a l s ........................................................................ 17,300 23,000 34,600

Suspended Solids, lbs/day

Sanitary Sewage 7,4001 14,8002

Industrial W a s t e s ...................................................... 17,800 - 20,000

Totals ......................................................................... 25,200 28,000 34,800

1 B a s e d  o n  0 . 1 7  l b s / c a p / d a y .
2 B a s e d  o n  0 . 2 0  l b s / c a p / d a y .
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wiH be applied at the headworks of the sedimentation basins. The 
chlorinated and settled sewage will flow by gravity to the Merri
mack River.

Pump and F ilter  B u ild in g . —  The building substructure will be 
constructed of reinforced concrete. The superstructure will be 
constructed of masonry and faced with brick. A sluice gate will 
be installed on the influent pipe and will close automatically on 
a power failure, bypassing the sewage to the river.

The dry weather flow will enter the pumping station in the 72-in 
sanitary sewer. The flow will pass through heavy-duty coarse trash 
racks. The racks will be mechanically cleaned. The trash from 
the racks will be hoisted mechanically to the ground floor level 
and deposited into a truck. Effluent from the racks will be chan
neled to three separate wet wells, from which the pumps will take 
suction.

Initially, 3 identical vertical centrifugal raw sewage pumps 
will be installed. Two of these pumps operating in parallel will 
be capable of pumping the peak dry weather flow of 41 mgd as 
given in Table 25. The third pump will be a standby. Space 
will be available for the installation of a fourth pump in the future. 
At that time, 3 of the pumps operating in parallel will handle 
the peak dry weather flow of 60 mgd estimated for the year 2010. 
The fourth pump will be a standby. The pumps will be driven by 
electric motors mounted overhead. The motors will be equipped 
with variable speed controls, so that the pumping rate will closely 
match the rate of sewage flow into the station. Controls will also 
be included for regulating the overflow of com bined sewage at the 
upstream overflow stations during wet weather.

4 he pump discharge will enter a 48-in pipe. A  sewage flow meter 
will bo installed in the discharge piping. The flow measurement 
will be transmitted to a continuous recorder. The 48-in pump dis
charge pipe will transport the sewage to the screenings and grit 
removal facilities on the ground floor of the building.

The sewage pumps and motors will be located in the substruc
ture of the building. The superstructure will be a two-story build
ing. The ground floor will house the switchgear and controls, the 
chemical facilities for sludge conditioning, maintenance facilities and 
a loading garage. The second floor will house the vacuum filters 
and office and laboratory facilities.

Sewage from the pump discharge pipe will enter two parallel 
screen channels. M echanical bar screens will be installed in the
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channels. Screenings will be mechanically hoisted to the second 
floor level and from there transported on a belt conveyor to a dis
charge hopper over the garage for truck loading. Effluent from 
the screen chambers will enter two parallel grit channels. The 
grit channels will be designed to remove about 95%  of the grit 
of 0.2 mm diameter or larger in size at the maximum 24-hour flow 
of 34.4 mgd as given in Table 25. Adjustable velocity regulators 
will be installed to insure efficient grit removal. Grit will be col
lected from the bottom  of the channels in slotted metal tubes. 
M echanical flights inside the tubes will move the grit to the end 
of the channels and thence upward through enclosed tubes to the 
second floor level. At the second floor level the mechanical tube 
conveyors will transport the grit to the discharge hopper over the 
garage for truck loading.

P r im a ry  Sedim entation  B asin s. —  The design bases for the sedi
mentation basins are given in Table 26. Four basins will be pro
vided, each about 40 ft wide by  245 ft long by 8 ft 0-in average 
water depth.

T able 26. —  Basis of Design for the Proposed Primary Sedimentation Basins' at 
the Haverhill Regional Sewage Treatment Plant.

P r e s e n t  ( 1 9 6 3 ) . I n i t i a l  D e s i g n  P e r i o d .

Min. Avg. Max. Peak 1 Min. Avg. Max. Peak
24-hr. Daily. 24-hr. Rate. 24-hr. Daily. 24-hr. Rate.

Flow to sewage treat
ment plant, mgd 

Overflow rate, gpd/sq
8 . 9 1 8 .0 2 6 .8 3 1 .5 1 2 .0 2 3 .1 3 4 .4 4 1 .0

1 ,0 4 02 2 7 4 4 0 6 8 3 8 0 4 3 0 6 5 9 0 8 7 8
Detention time, hrs . 6 . 3 3 . 1 2 .1 1 .8 4 . 7 2.4 1 .6 1.4

Maximum horizontal
velocity, fpm . 0 . 6 5 1 .3 1 1 .9 5 2 . 2 9 0 . 3 7 1 .6 8 2 .6 9 2 .9 9

1 Four sedimentation basins, each 40 ft wide by 245 ft long by 8 ft 0-in avg water depth.

Sludge will be scraped mechanically to hoppers at the influent 
end of the basins. The hoppers will be sized to store about a one- 
day supply of the sludge production expected at the end of the 
initial design period. The skimming will be removed mechanically 
to a scum pit, and the stored skimmings will be pumped along with 
the sludge to the sludge dewatering equipment. The effluent from 
the basins will be discharged to the Merrimack River by  gravity.

Sludge H andling. —  The sludge will be pumped from the sedi
mentation basin hoppers to the chemical conditioning tanks located 
on the second floor of the pump and filter building. Here condi-
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tioning chemicals will be added to the sludge. The conditioned 
sludge will pass to the vacuum filters. Tw o identical vacuum filters 
will be installed. Each filter will be capable of filtering the esti
mated amount of suspended solids at the end of the initial design 
period in an 8-hour day, 6-day week. The filters will normally 
be operated together. However, should one filter be down for re
pair, the other will be capable of dewatering the estimated quantity 
of sludge. The filtered sludge will be conveyed to a hopper for 
truck loading in the garage.

Chlorination. —  Chlorine solution will be applied to the head- 
works of the sedimentation basins. Chlorination equipment will 
be housed in the pump and filter building. The chlorine installa
tion will be sized for a dose of up to 30 ppm.

Estimated Cost o f  Construction.

Initial Construction. —  The estimated cost of construction of the 
initial construction program is given in Table 27. All costs include

Table 27. —  Estimated Cost of Proposed Initial Construction Program for the
Haverhill Region.

I t e m . Estimated Cost1.
Intercepting Sew ers:

North Bank Interceptor No. I ................................
North Bank Interceptor No. I I .................................
Washington Square Pump Station and Force Main 
South Bank I n t e r c e p t o r ........................................

$1,500,000
3.440.000
1.730.000
7.130.000

Total, Intercepting S e w e r s ................................

Washington Square Separation..................................................................................

Sewage Treatment Plant:
Pump and Filter B u i ld in g ........................................
Sludge Pump and Chlorination Building .
Sedimentation B a s in s ................................................
Yard Work and P ip in g ................................................

Total, Sewage Treatment Plant . . . .

Separate Industrial Treatment:

Screening and Chlorination at Tanneries .

Total, Separate Industrial Treatment

Gr a n d  T o t a l , I n i t i a l  C o n s t r u c t io n  P r o g r a m

$13,800,000

2,200,000

6.130.000
230.000

1.120.000
300.000

7,780,000

200,000

200,000

$23,980,000

1 All estimates include allowances for engineering and contingencies.
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allowances for engineering and contingencies. The cost of the inter
cepting sewers is estimated to be $13,800,000. The separation of 
the W ashington Square area is estimated to cost $2,200,000. The 
sewage treatment plant is estimated to cost $7,780,000, and screen
ing and chlorination of the tannery wastes, $200,000. The total 
estimated cost of the initial construction program is $23,980,000.

F u tu re C onstruction . —  The cost at current prices for construct
ing the proposed future overflow chlorination stations in the Haver
hill Region is $11,500,000, including allowances for engineering and 
contingencies.

T he T own of Amesbury.
General.

The town of Amesbury has a municipal sewerage system serving 
an estimated 7,200 people. An existing 24-in sewer located along 
the bank of the Powow River collects municipal sewage with some 
industrial wastes and transports the sewage to an outlet on the 
M errimack River.

The existing 24-in outfall sewer has a capacity of about 4.0 mgd. 
Table 28 shows the estimated peak sewage flow from Amesbury 
including industrial wastes to be 6.3 m gd for the initial design period 
and 9.1 mgd for the year 2010. The outfall sewer will not have ca
pacity to carry the peak Amesbury sewage flow in the future. A  re
lief sewer will be required. Some industries in Amesbury discharge 
their wastes directly to the Powow River. 4 he outlets from such 
industries should be intercepted and carried in the new relief sewer 
to  the mouth of the Powow River.

Other existing sewage outlets exist along the banks of the M er
rimack River. These outlets along with the existing 24-in outfall 
sewer will be intercepted by  the new Amesbury Interceptor pro
posed herein.

Cost estimates have not been prepared for the necessary relief 
sewer and other internal sewerage construction required in Ames
bury. Only the cost for the proposed Amesbury Interceptor and 
sewage treatment facilities are included in the recommended initial 
construction program for Amesbury. The proposed construction 
program is shown on Fig. 41.

The possibility of treating the Amesbury sewage in stabilization 
ponds was considered. The future BO D  load of 4,700 lbs day would 
require a pond area of about 135 acres. There appears to be no
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suitable land available in the town of Amesbury for such ponds. 
We, therefore, recommend the treatment of the wastes in a primary 
sewage treatment plant.

The Amesbury Interceptor.

Sewage from existing outlets along the bank of the Merrimack 
River, including the existing 24-in Powow River Outlet will be col
lected in a new intercepting sewer to be constructed along the north 
bank of the Merrimack River to the new sewage treatment plant.

The interceptor will start at a point just northwest of the new 
Interstate Route No. 495, and run along Main Street as an 8-in 
pipe to a point about 500 ft west of R ocky Hill Road. From  this 
point the new pipe will be 12-in and will run along M ain Street 
to the Powow River crossing. The 12-in pipe will be laid as a 
gravity sewer under the Powow River and then extended to the 

I existing 24-in outfall at the intersection of Main and Merrimack 
| streets.

At the intersection of Alain and Merrimack streets the existing 
24-in outfall will be intercepted. A  new interceptor will be con
structed along Merrimack Street as a 42-in pipe. The new' 42-in 
interceptor will extend from Alain Street to a point 300 ft below 
Goodwin Creek. At this point the 42-in pipe will leave Merrimack 

i Street and travel cross-country for about 1,000 ft to the new sewage 
| treatment plant. The interceptor will be constructed entirely in 

open cut.

Sewage Treatm ent P la n t.

General. A plan showing the new nrimarv sewnw front mnnf

e pump and filter



T a b l e  28 .  —  Estimated Loads Tributary to the Proposed Amesbury Sewage Treatment Plant.

I t e m . Y e a r  1 9 6 3 . I n i t i a l  D e s i g n . Y e a r  2 0 1 0 .

Tributary Population...................................................... 7 ,2 0 0 1 1 ,0 0 0

Min.
2 4 - h r .

Avg. Max. 
Daily. 2 4 - h r .

Peak
Rate.

Min.
24-hr.

Avg. Max. 
Daily. 24-hr.

Peak
Rate.

Min.
2 4 - h r .

Avg. Max. 
Daily. 2 4 - h r .

Peak
Rate.

Sewage Flow, mgd

Sanitary S e w a g e .................................... 0 . 2 0 . 5  1 . 2 2 . 1 0 . 8 1 . 7  3 . 7 5 . 9

Industrial Wastes - 0 . 7  1 .0 1 .4 _ 0 . 7  1 . 0 1 .4

Infiltration . . . . 0 . 5 0 . 7  1 . 4 1 . 4 - - - 0 . 8 1 . 2  1 . 8 1 . 8

Totals . . . . 0 . 7 1 . 9  3 . 6 4. 9 1 . 0 2 . 5  4 . 6 6 . 3 1 . 6 3 . 6  6 . 5 9 .1

5-day BOD, lbs/day

Sanitary Sewage . . . . l , 2 0 0 i 1 ,7 0 0 2

Industrial W a s t e s ...................................................... 1 ,4 0 0 - 2 ,0 0 0

T o t a l s ......................................................................... 2 ,6 0 0 3 ,0 0 0 3 ,7 0 0

Suspended Solids, lbs/day

Sanitary S e w a g e ....................................................... 1 ,2 0 0 * 1 ,7 0 0 2

Industrial W a s t e s ....................................................... 2 ,4 0 0 - 3 ,0 0 0

T o t a l s ......................................................................... 3 ,6 0 0 4 ,0 0 0 4 ,7 0 0

1 Based on 0.17 lbs/cap/day.
2 Based on 0.20 lbs/cap/day.
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M A S S A C H U S E T T S  D E P A R T M E N T  OF P U B L I C  H E A L T H  

REPORT ON POLLUTION CONTROL FOR THE MERRIMACK RIVER

PLAN OF PROPOSED A M E SB U R Y  SEWAGE TREATMENT PLANT
Comp, Dresser 8 McKee 

Consulting Engineer*
B o s t o n ,  M oss .

December ,  1963
FIG. 42
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building and pass through screening and grit removal equipment. 
The effluent from the grit channels will pass into the wet well of 
the pumping station. The raw sewage pumps will take the sewage 
bv suction from the wet well and lift the sewage to the headwords 
of the sedimentation basins. Chlorine will be applied at the head- 
works of the basins. The effluent from the sedimentation basins 
will flow by gravity to the Merrimack River.

Pump and F ilter B uild ing. - The pump and filter building will 
house screening and grit removal equipment, raw sewage pumps 
sludge pumps, chlorination equipment, laboratory and office space! 
and sludge dewatering equipment. The raw sewage will enter the 
grit and screening channel in the pump and filter building. The 
screening and grit removal equipment will consist of a mechanically 
cleaned bar rack with buckets for grit removal. A  bypass channel 
around the screening and grit removal equipment will be provided. 
A hand-cleaned bar rack will be installed in the bypass channel. 
The grit and screenings will be hoisted mechanically to the first 
floor of the building. Here the grit and screenings will be conveyed 
to the loading area and discharged to a truck.

Effluent from the grit and screening equipment will enter the wet 
well of the pumping station from which the sewage pumps will take 
the wastewater by suction. The pumps will be driven by electric 
motors equipped with variable speed controls, so that pump dis
charge will closely match the influent sewage fluctuation. Initially, 
pumps will be installed to handle the peak sewage flow of 6 .3  mgd 
as given in Table 28. Space will be provided for the installation of 
pumps to handle the peak flow of 9.1 mgd in the future. Standby 
power equipment will be installed. A  sewage flow meter will be in
stalled in the pump discharge piping. The florv readings will be 
transmitted to a continuous recorder. Discharge from the pumps 
"ill enter the sedimentation basins. Chlorine will be applied to 
the sewage at the headworks of the sedimentation basins. Chlorine 
equipment will be installed in the pump and filter building. The 
equipment will be designed to supply up to a 30 ppm dosage of 
e orine. The sludge dewatering equipment is described under 
Sludge Handling Facilities.”
Sedimentation B asins. —  The design bases for the sedimentation 

asms are given in Table 29. Tw o basins will be provided, each 
a out 18 ft wide by 165 ft long by  8 ft 0-in average water depth.
U ge will be mechanically scraped to hoppers at the influent end
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of the basins. The hoppers will be sized to store about a 3-day ac
cumulation of the quantity of sludge estimated for the end of the 
initial design period. Shimmings will be mechanically removed to 
a scum pit and then pumped with the sludge to the sludge dewater
ing equipment. The effluent from the basins will be discharged to 
the M errimack River by  gravity.

Sludge H andling. —  The sludge collected in the hoppers at the 
end of the basins will be pumped to the sludge dewatering facilities 
located in the pump and filter building. The 3-day storage capacity 
designed into the sludge hoppers will allow an interval of 2 to 
3 days between sludge filtering. The sludge dewatering equip
ment will consist of vacuum filters and chemical conditioning equip
ment. Sludge pumped from the basins will be conditioned with 
chemicals in conditioning tanks. The conditioned sludge will flow 
to the vacuum filter. The conditioned sludge will enter troughs at 
the filters and be carried onto the drum, where the solids will be 
enmeshed on the filter media, and the filtrate passed back to the 
influent channel of the treatment plant. The filtered sludge will be 
conveyed to a loading area for deposit in trucks.

T w o vacuum filters will be installed, each having the capacity to 
filter the estimated quantity of sludge in an 8-hour day, 5-day week. 
Both filters operating together will handle the estimated sludge load 
in a 4-hour, 5-day week or in an 8-hour, 23^-day week.

Separate Industria l W a ste Treatm ent.

Equipment for screening and chlorination of tannery wastes will 
be installed at the tannery in Amesbury. The chlorinated wastes 
will be intercepted in the municipal sewers.

E stim ated  C onstruction  Costs.

Table 30 presents the estimated cost of construction for the in
terceptor and sewage treatment facilities proposed for the initial 
construction program. All costs include allowances for engineer
ing and contingencies. The cost of the Amesbury Intercepting 
Sewer is estimated to be $1,100,000. The cost of the primary sew- , 
age treatment plant, including pumping facilities is estimated to 
be $1,200,000. The cost of the separate industrial treatment is , 
estimated to be $50,000. The total cost for the initial construction 
program is estimated to be $2,350,000.
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Table 29. Basis of Design for the Proposed Primary Sedimentation Basins1 at 
the Ameshury Sewage Treatment Plant.

P r e s e n t  ( 1 9 6 3 ) .  I n i t i a l  D e s i g n  P e r i o d .

Min.
24-hr.

Avg.
Daily.

Max.
24-hr.

Peak
Rate.

1 Min. 
24-hr.

Avg.
Daily.

Max.
24-hr.

Peak
Rate.

Flow to sewage treat
ment plant, mgd . 

Overflow rate, gpd/sq
0.7 1.9 3.6 4.9 1.0 2.5 4.6 6.3

ft . . .  
Detention time, hrs .

118
12.2

320
4.5

607
2.4

826
1.8

169
8.6

422
3.4

775
1.9

1,060
1.4

Horizontal velocity,
fpm . . . 0.23 0.62 1.16 1.58 0.32 0.81 1.49 2.04

' Two sedimentation basins, each 18 tt wide by 165 ft long by 8 ft 0-in ayg water depth.

Table 30. Estimated Cost of Proposed Initial Construction Program for the Town
of Ameshury.

I t e m .

Intercepting Sewer . . . .  
Sewage Treatment Plant .
Separate Industrial Waste Pretreatment

Estimated
Cost.

$ 1,100,000
1, 200,000

50,000

T otal, I n it ia l  C o n s t r u c t io n  P r o g r a m $2,350,000

The Town of Billerica.
The town of Billerica has no municipal sewerage system. There 

are 3 ̂ private sewerage systems in town, each having treatment 
facilities; one m North Billerica serves about 300 persons, one at 
Menca Homes serves about 600 persons, and one at the Billerica 
House of Correction serves about 350 persons.

^ e recommend the construction of a secondary sewage treatment 
Pant on the north bank of the Concord River, on a tract of land 
southwest of the Boston and Maine Railroad R .O .W . near the in- 

section of Town Farm Lane and Billerica Avenue. Sewage from 
o populated centers of the town and from industry will be pumped 

o e treatment plant. Alternate studies described hereinbefore 
w t at separate treatment of the Billerica sewage is more eco

nomical than transporting the sewage to the Lowell Regional Plant
rcatment, provided that low-flow augmentation is realized in 

me Concord River.
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Sew age Treatm ent P la n t.

Figure 43 shows a preliminary site layout of the proposed ex
tended aeration treatment plant. The site is located above all 
recorded flood stages. The estimated tributary loads to the plant 
are given in Table 31.

The proposed works will consist of a main building, activated 
sludge basins, secondary sedimentation basins, a chlorine contact 
chamber and sludge digesters. N o primary sedimentation basins 
will be provided. The pumped sewage will enter screening and 
grit removal facilities in the main building. The effluent from the 
grit chambers will be discharged in the activated sludge basins. 
The bulk of the pollutional load will be stabilized in the activated 
sludge basins and the treated sludge will then flow through the 
secondary sedimentation basins where activated sludge will settle 
and be removed mechanically.

The sludge removed from the secondary basins will be returned 
to  the activated sludge basins at a rate up to approximately 40 per 
cent by  volume of the incoming liquid wastes. The excess sludge 
not returned to the aeration basins will be thickened by passing it 
through centrifuges and the thickened sludge will be pumped to 
the digesters. The thickened digested sludge together with grit 
and screening will be trucked away from the plant and deposited 
in an appropriate disposal area.

Settled effluent from the secondary basins will flow by  gravity to 
the chlorine contact chamber. The effluent from  the chamber will 
flow by  gravity to  the Concord River.

M a in  B u ild in g . —  The main building will be a 2-story struc
ture. The foundations will be constructed of reinforced concrete 
and the superstructure of masonry faced with brick. The ground 
floor will house screening and grit removal equipment, sludge trans
fer pumps, maintenance facilities and a loading garage. The second 
floor will house sludge centrifuges, conveyors and office and labora
tory facilities.

Sewage from  the force main will enter tw o parellel channels. 
M echanical bar screens will be installed in the tw o channels. Screen
ings will be mechanically hoisted to the second floor level and from 
there transported on a belt conveyor to a discharge hopper over the 
garage for truck loading. Effluent from  the screen channels will 
enter two parallel grit channels. These channels will be designed 
to remove about 95 per cent of the grit of 0.2 mm in diameter or
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T a b l e  31. - Estimated Loads Tributary to the Proposed Billerica Sewage Treatment Plant.

I t e m . Y ear 1963. I n i t i a l  D e s i g n . Y ear  2010.

Tributary P o p u l a t i o n ............................................. 1,000 35,000

Min. Avg. Max. Peak Min. Avg. Max. Peak
24-hr. Daily. 24-hr. Rate. 24-lir. Daily. 24-hr. Rate. 24-hr. Daily. 24-hr. Rate.

Sewage Flow, mgd

Sanitary S e w a g e ....................................................... 0.1 0.3 0.6 1.0 3.5 6.7 10.8
Industrial W a s t e s ...................................................... 1.1 2.8 6.0 1.1 2.8 6.0
I n f i l t r a t i o n ................................................................ 0.1 0.2 0.2 1.0 1.4 1.4

T o t a l s ......................................................................... 1.3 3.3 6.8 0.3 2.7 5.8 10.3 1.0 5.6 10.9 18.2
5-day BOD, lbs/day

Sanitary S e w a g e ....................................................... 200 - 7,000
Industrial W a s t e s ....................................................... 3,500 - 8,300

T o t a l s ......................................................................... 3,700 7,600 15,300
Settleable Solids, lbs/day

Sanitary S e w a g e ....................................................... 200
Industrial W a s t e s ....................................................... 1,200

T o t a l s ......................................................................... 1,400
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larger at the maximum 24-hour flow of 5.8 mgd. Adjustable veloc
ity regulators will be installed to insure efficient grit removal. Grit 
will be collected from  the bottom  of the channels in slotted metal 
tubes. M echanical flights inside the tubes will move the grit to 
the end of the channels and thence upward through enclosed tubes 
to the second floor level. A t this level the mechanical tube con
veyors will transport the grit to the discharge hopper over the 
garage for truck loading.

T w o centrifuges will be installed at the second floor level for 
sludge thickening. The sludge handling is discussed in a follow
ing section. A  maintenance shop will be provided at the ground 
floor level. Office and laboratory facilities will be housed on the 
second floor.

E xtended  A era tion  B asin s . —  The basins will be constructed of 
earth with interior and exterior slopes of about two to one. lh e  
interior slopes will be lined with concrete and the exterior will be 
loamed and seeded. T w o aeration basins will be provided, each 
about 170 ft long by  50 ft wide by  13 ft water depth. The deten
tion time provided will be about 19 hours at the present average 
daily flow through the basins of 1.8 mgd, and about 9 hours at the 
average daily flow of 3.8 mgd through the basins at the end of the 
initial design period. It is expected that one of the basins will be 
able to serve the plant for a few days in case it may be necessary to 
dewater the second basin. Provision will be made for dewatering 
of the two basins. Space is available for the addition of future 
basins.

The aeration units will be of the mechanical type in which oxygen 
is added by  transferring air into the tank at the surface by  means of 
turbulence. The aerators will be designed to provide an excess of 
oxygen in the basins at all times.

S econdary Sedim entation  B asin s. —  The aerated wastewater will 
pass from the aeration basins into the secondary sedimentation 
basins. In the latter basins, the flocculent activated sludge will 
be settled out and be returned and mixed with the incoming sewage 
to repeat the purification cycle. The effluent from the secondary 
basins will be discharged into the chlorine contact chamber. 1 he
design bases and approximate sizes for the sedimentation basins 
are given in Table 32.

Four basins will be provided, 2 to serve each aeration basin. 
They will be rectangular in shape and will be constructed of rein
forced concrete. Activated sludge which settles on the bottom  will
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be scraped in both directions from the end of each basin to the 
center of the basin by wooden flights attached to endless chains. 
At the center of the basins sumps will be provided from which 
sludge will be lifted by air to the sludge transfer pumps in the sludge 
pump house. The sludge pumps will return the sludge to the aera
tion basins. Excess sludge will be pumped to the centrifuge in the 
main building.

Table 32. Basis of Design for the Proposed Secondary Sedimentation Basins 1 
at the Billerica Sewage Treatment Plant.

P b e s e n t  ( 1 9 6 3 ) . I n i t i a l  D e s i g n .

Min. A v g . Max. Peak Min.
24-hr. Daily. 24-hr. Rate. 24-hr. Daily. 24-hr. Rate.

Flow to sewage treat-
ment plant, mgd . - 1.3 3.3 6.8 0.3 10.3

1 .1
Return sludge, mgd . - 0.5 0.5 0.5 1 .1 1 .1 1 .1

Total flow to second-
ary sedimentation 
basin, mgd . 1 . 8 3.8 7.3 1.4 3.8 6.9 11.4Overflow rate, gpd/sq
ft .

Detention time, hrs . -
225

6.8
475

3.2
910

1.4
175

8.8
475

2.6
865

1.4
1,420

0.9
Maximum horizontal

velocity, fpm . 0.31 0.65 1.25 0.24 0.65 1.18 1.95

i  P o u r  s e d i m e n t a t i o n  b a s i n s ,  e a c h  1 6  f t  w i d e  b y  1 2 5  f t  l o n g  b y  8  f t  6 - i n  a v g  w a t e r  d e p t h .

Scum and floating grease will be collected in scum troughs in the 
aeration basins before this material can enter the secondary basins. 
The scum and grease will be returned to the excess sludge pumps 
where it will be pumped through the centrifuge for thickening and 
then pumped to the digesters.

Sludge Disposal. The sludge pump house located near the sedi
mentation basins will house return and excess sludge pumps. The 
foundation of the building will be reinforced concrete and the super
structure of masonry construction. The excess sludge pumps will 
move the excess sludge to a centrifuge in the main building. The 
thickened sludge will be transferred to  two digestion tanks. The 
gesters will be cylindrical in shape and constructed of reinforced 

concrete. The exposed walls will be faced with brick. The digestion 
tan-g will be designed to provide 15 days' digestion and 15 days’ 
storage. Digested sludge will be piped to  the second centrifuge in 

emain building. This centrifuge will thicken the digested sludge, 
oth centrifuges will be interchangeable. The treated sludge will 
e eposited in a hopper over the garage for truck loading.
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C hlorination  B u ild in g  and Contact Cham ber. —  The chlorine con
tact tank will be constructed of reinforced concrete and will be 
designed to provide 90 minutes’ contact time at the present average 
daily flow of 1.3 mgd, giving a detention time of about 20 minutes 
at the maximum daily flow of 5.8 mgd occurring at the end of the 
initial design period. The chlorination equipment will consist of 
chlorine feeders, scales and controls, and will be designed to feed a 
dose of up to  30 ppm  chlorine. The equipment will be housed in a 
superstructure built over part of the contact chamber. The chlo
rinated effluent will be piped to the Concord River.

E stim ated  Cost o j  C onstruction. —  The cost of construction for the 
proposed sewage treatment plant is estimated to be 81,600,000 in
cluding engineering and contingencies.

The Town of M errimac.
G eneral.

The town of Merrimac has no municipal sanitary sewerage system. 
There are, however, several storm drains in the town which do carry 
sanitary sewage. W e recommend that the sanitary sewage be re
m oved from these storm drains and a separate sanitary sewerage 
system be constructed in the town. The proposed initial construc
tion program for the town of Merrimac includes an interceptor along 
Cobbler Brook to  a new sewage treatment plant, and an outfall 
sewer from  the treatment plant, along Cobbler Brook, to the Merri
mack River, but does not include the local sewerage system in the 
urbanized area of the town.

An alternate study has been made of treating the Merrimac sew
age at the proposed Amesbury sewage treatment plant. The pro
posed interceptor, outfall sewer, and sewage treatment plant for 
Merrimac are estimated to cost 8800,000. In comparison, it is es
timated that the cost of intercepting sewers, pumping station, and 
additional cost of the Amesbury treatment plant would amount to 
about $1,300,000, or about 80%  more than the recommended con
struction.

In addition, consideration has been given to the alternate con
struction of sewage stabilization ponds for the treatment of Merri
mac sewage. The ultimate BO D  load of 1,200 Ibs/day would 
require about 35 acres of pond. There is no suitable site within 
the town of this size. A  site of land in Amesbury at the corner of 
Buttonwoods and Pleasant Valley Road would be suitable. We
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estimate the initial construction cost for the intercepting sewers, 
pumping station and stabilization ponds to be about $950,000. This 
is about 30% greater than the estimated construction cost of 
$725,000 for the recommended program. Operating costs would be 
less under the stabilization pond scheme, thereby making this 
scheme not much more expensive than primary treatment. Our 
principal reason for recommending against the construction of the 
stabilization ponds is that the available land is in another town, and 
would probably be difficult and expensive to  purchase.

Cobbler Brook In terceptor and O utfall Sew er.

The Cobbler Brook Interceptor and Outfall Sewer will be designed 
to carry the estimated peak sewage flow of 5.7 mgd for the year 2010. 
Fig. 44 shows a plan of the interceptor and outfall sewer. The 
interceptor will start in Merrimac Center at the intersection of 
East Main and School streets. The interceptor will be constructed 
as a 27-in pipe along the west bank of Cobbler Brook to the new 
sewage treatment plant to be located opposite the intersection 
of School, Broad and High streets. From the sewage treatment 
plant, the effluent will be transported in a 27-in outfall sewer along 
the west bank of Cobbler Brook to  the Merrimack River. The 
interceptor and outfall sewer will be constructed in open cut along 
the bank of Cobbler Brook.

Sewage Treatment P lant.

General. — A plan showing the new primary sewage treatment 
plant is presented on Fig. 45. The plant will consist of a main 
building, housing screening and grit removal facilities, chlorina
tion equipment, sludge dewatering equipment and sedimentation 
basins. Table 33 gives the estimated loads at the sewage treat
ment plant for the initial design period and for the year 2010. The 
plant will be designed to handle the initial design loads. Provisions 
"ill be made to expand the plant whenever required in the future. 
An access road will be constructed from Broad Street. The first 
oor of the main building will be above the high water stage in the

derrimack River caused by the “ Corps of Engineers M odified 1936 
flood.”

The sewage will enter the main building and pass through screen
ing and grit removal equipment. The effluent will flow by gravity 
01 e headworks of the sedimentation basins. Chlorine will be
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T a b l e  33. —  Estimated Loads Tributary to the Proposed Merrimac Sewage Treatment Plant.

I t e m . Y e a r  1 9 6 3 . I n i t i a l  D e s i g n . Y e a r  2 0 1 0 .

Tributary P o p u l a t i o n ............................................... - - 6,000

Min.
2 4 - h r .

Avg.
Daily.

Max.
2 4 - h r .

Peak
Rate.

Min.
2 4 - h r .

Avg. Max. 
Daily. 24-hr.

Peak
Rate.

Min.
24-hr.

Avg.
Daily.

Max.
24-hr.

Peak
Rate.

Sewage Flow, mgd

Sanitary S e w a g e ....................................................... 0 . 3 1 . 2 2.8 4 . 3

I n f i l t r a t i o n ................................................................ 0 . 5 0 . 9 1 . 4 1 . 4

T o t a l s ......................................................................... - - - - 0 . 3 0 . 7  1 . 4 1.9 0.8 2.1 4.2 5 . 7

5-day BOD, l b s /d a y ....................................................... - 4 0 0 1,2001

i Based on 0.20 lbs/cap/day.
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applied at the headworks of the basins. The effluent from the sedi
mentation basins will flow by gravity to  the Merrimack River in 
the new Cobbler Brook Outfall Sewer.

Main B uilding. —  The main building will house screening and 
grit removal equipment, sludge pumps, chlorination equipment, 
laboratory and office space and sludge dewatering equipment. 
The substructure of the building will be reinforced concrete and 
the superstructure will be constructed of masonry with brick facing.

The raw sewage will enter the screening and grit removal equip
ment. The equipment will consist of a mechanically cleaned bar 
screen equipped with buckets for grit removal. A  bypass channel 
around the screening and grit removal equipment will contain a 
hand-cleaned bar rack. The grit and screenings will be conveyed 
to a loading area for truck disposal. A  control section in the screen
ings and grit channel will provide a means of flow measurement. 
The measurement will be transmitted to a continuous recorder. 
A signal from the recorder will be used to pace the chlorine feeders. 
Chlorine solution will be applied at the headworks of the sedimen
tation basins at the rate of up to 30 ppm. The sludge dewatering 
equipment is described under “ Sludge Handling Facilities.”

Sedimentation B asins. —  The design bases for the sedimentation 
basins are given in Table 34. Tw o basins will be provided, each 
about 10 ft wide by  90 ft long by  8 ft 0-in average water depth. 
Sludge will be mechanically scraped to hoppers at the influent end 
of the basins. The hoppers will be sized to store about a 3-day 
accumulation of the quantity of sludge estimated for the end of 
the initial design period. Skimmings will be mechanically removed 
to a scum pit and then pumped with the sludge to the sludge de
watering equipment. The effluent from the basins will be discharged 
to the Merrimack River in the new outfall sewer.

Sludge H andling. —  The sludge collected in hoppers at the end 
of the basins will be pumped to the sludge dewatering facilities in 
the main building. The 3-day storage capacity designed into the 
sludge hoppers will allow an interval of two to  three days between 
dudge filtering. The sludge dewatering equipment will consist of a 
'aeuum filter and chemical conditioning equipment. Sludge pumped 
from the basins will be conditioned with lime and ferric chloride in 
a conditioning tank. The conditioned sludge will enter a trough 
at the vacuum filter and be carried onto the filter drum, where the 
solids will be enmeshed on the filter media, and the filtrate passed 
hack to the influent channel of the plant. The filtered sludge will
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T able 34. — Basis of Design for Primary Sedimentation Basins1 at the Proposed 
Merrimac Sewage Treatment Plant.

I t e m . Min.
24-hr.

Avg.
Daily.

Max.
24-hr.

Peak
Rate.

Flow to sewage treatment plant, mgd, for the initial design period 0.3 0.7 1.4 1.9
Overflow rate, gpd/sq f t ............................................................... 170 390 780 1,060
Detention time, h r s ......................................................................... 8 . 6 3.7 1 . 8 1.4
Maximum horizontal velocity, f p m ............................................. 0.18 0.41 0.81 1.10

1 Two basins, each 10 ft wide by 90 ft long by 8 ft 0-in avg water depth.

be conveyed to the loading area for truck deposit. One vacuum 
filter will be installed having the capacity to filter the estimated 
quantity of sludge in 10 hours per week.

E stim ated  C onstruction  C osts.

Table 35 presents the estimated costs for the initial construction 
program. All costs include allowances for engineering and contin
gencies. The cost of the Cobbler Brook Interceptor and Outfall 
Sewer is estimated to  be $250,000. The cost of the primary sewage 
treatment plant is estimated to  be $475,000. The total estimated 
cost for the initial construction program for the town of Merrimac 
is estimated to be $725,000.

T a b l e  35. —  Estimated Cost of Proposed Initial Construction Program for the
Town of Merrimac.

I t e m .

Estimated
Cost.

Cobbler Brook Interceptor and Outfall S e w e r .................................$250,000
Sewage Treatment P la n t .........................................................................  475,000

T o t a l , I n i t i a l  C o n s t r u c t i o n  C o s t .......................................................$725,000

The town of Salisbury.
General.

Salisbury Beach has a private sewerage system, operated by  the 
Salisbury W ater Company. The sewage from this system enters a 
15-in outlet at the end of Cable Avenue and is discharged directly 
into a septic tank at the Black R ock  Creek. Salisbury Center has 
no municipal sewerage. M any septic tanks discharge into tidal 
marshlands in the southern part of the town.
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The proposed initial construction program recommended for the 
town of Salisbury is shown on Fig. 46, and includes a new intercept
ing sewer to be built from the termination of the existing 15-in 
outlet on Salisbury Beach to the site of a new pumping station and 
sewage stabilization ponds, located partially on tidal marshland, as 
shown on Fig. 46.

Salisbury B each  In terceptor.

The Salisbury Beach Interceptor will be constructed as a 30-in 
sanitary sewer from the existing 15-in outlet on Salisbury Beach, 
across the marshland in a westerly direction, to the new sewage 
pumping station. The interceptor will be constructed in open cut, 
and the construction will be difficult owing to the location in the 
tidal marshes. Cost estimates for this interceptor have been made 
conservatively to allow for the difficult construction. The inter
ceptor will be designed to carry the estimated peak sewage flow from 
the Salisbury Beach area in the year 2010.

Sewage Pum ping Station.

The new sewage pumping station will be located at the end of an 
unnamed road from Beach Road, about 2,500 ft south of Beach Road. 
The pumping station will be located north of the tidal marshland 
and will be on firm soil. The substructure of the station will be 
reinforced concrete and the superstructure will be constructed of 
fireproof materials and will have a brick exterior. The pumping 
station structure will be designed to house pumps of sufficient ca
pacity to handle the estimated peak sewage flow of 7.0 mgd for 
the year 2010. Initially, pumps will be installed to handle the peak 
sewage flow of 3.7 mgd as given in Table 36. The first floor of the 
pumping station will be built above the maximum tide level.

The sewage entering the station wall pass through a grinding 
mechanism. A bypass will be provided around the grinder to be 
u>ed in the event that the latter is out of service for repairs. The 
Upass channel will be equipped with a hand-cleaned bar rack. 
The sewage flowr from the grinder will enter the station wet well 
rom which the sewage pumps will take the sewage by suction.
he sewage pumps will be driven by electric motors equipped with 

variable speed controls so that the pump discharge will closely 
match the influent sewage flow. Standby power equipment will 
he installed in the superstructure of the station.



T able 36. —  Estimated Loads Tributary to the Proposed Salisbury Sewage Treatment Plant.

I t e m . Y e a r  1 9 0 3 . I n i t i a l  D e s i g n . Y e a b  2 0 1 0 .

Tributary Summer P op u la tion .................................... 2 ,5 0 0 - 9 ,0 0 0

Min. Avg. Max. Peak Min. Avg. Max. Peak Min. Avg. Max. Peak
24-hr. Daily. 24-hr. Rate. 24-hr. Daily. 24-hr. Rate. 24-hr. Daily. 24-hr. Rate.

Sewage Flow, mgd

Sanitary S e w a g e ....................................................... 0 . 1 0 . 3 0 . 8 1 . 4 - - - - 0 . 6 1 . 4  3 . 1 5 . 0

I n f i l t r a t i o n ................................................................ 0 . 2 0 . 3 0 . 6 0 . 6 - - - - 0 . 8 1 . 3  2 . 0 2 . 0

T o t a l s ......................................................................... 0 . 3 0 . 6 1 . 4 2 . 0 0 . 7 1 . 7 2 . 6 3 . 7 1 . 4 2 . 7  5 . 1 7 . 0

5-day BOD, lb s /d a y ....................................................... 4 3 0 1 9 0 0 1 ,8 0 0 2

1 Based o n  0 . 1 7  lbs/cap/day. 
* Based o n  0 . 2 0  lbs/cap/day.
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4 flow meter will be installed in the discharge piping from the 
pumps to measure the total quantity of sewage. This flow measure
ment will be transmitted to a continuous recorder in the station. 
The station will be built so that chlorine equipment and housing 
may be added in the future if required. The pumps will discharge 
the sewage through a force main to the sewage stabilization ponds.

I Sewage S ta bilizatio n  P o n d s .

Apian of the sewage stabilization ponds is shown on Fig. 47. Two 
ponds will be constructed initially, having a total surface area of 

j about 36 acres, based on a loading of 35 lbs of 5-day B O D  per acre 
I per day. The estimated BOD load for the initial design period is 

900 lbs per day, as given in Table 36. Space should be acquired 
(or construction of future ponds. The initial ponds will be con
structed partly on firm soil and partly in the tidal marshes. The 
usable excavated material will be transferred to the marsh portion 
and used for construction of the embankments around the ponds. 
The ponds will be constructed by  clearing the area and constructing 
earth embankments. Embankments will be about 7 to 8 ft high; 
they will have side slopes of 3 horizontal to 1 vertical on the pond 
side and 2)4, horizontal to 1 vertical on the outside. The embank
ments will be about 10 ft wide at the top. The ponds will be op 
erated with a depth of water between 3 and 5 ft. The ponds will 
be equipped with inlets, outlets and drains. Piping will be arranged 
to enable operation in series or in parallel. The ponds will be en
closed by fencing. The effluent from the sewage stabilization ponds 
will enter Shad Creek through an outfall pipe.

Estimated Cost o f  C o n s tru c tio n .

The estimated cost of construction of the initial program for the 
town of Salisbury is shown on Table 37. All costs include allow
ances for engineering and contingencies. The cost of the Salisbury 
Interceptor is estimated to be $700,000, the cost of the new sewage 
pumping station —  $375,000, and the cost of the stabilization ponds 
~ 8310,000. The total cost of the initial construction program is 
estimated to be $1,385,000.
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It e m . Cost.
Salisbury Beach I n t e r c e p t o r .................................................................1700,000

The town of Tewksbury has no existing municipal sewerage sys
tem. The Tewksbury State Infirmary has a treatment plant. The 
effluent is discharged into Strongwater Brook, a tributary to the 
Shawsheen River. The sewage from Tewksbury will be collected 
and transported to tw o sewage treatment facilities, one in East 
Tewksbury and one in Wamesit.

Alternate economic studies as described hereinbefore have shown 
it to be cheaper to treat the Tewksbury sewage separately rather 
than at the proposed Lowell Regional sewage treatment plant.

E a st T ew ksbury.

G eneral. —  The sewage from the greater part of Tewksbury will 
be collected at a point in East Tewksbury near the intersection of 
W alnut R oad and South Street as shown on Fig. 48. At this point 
a new sewage pumping station will be constructed to lift the sewage 
to sewage stabilization ponds to be located several hundred feet 
southeast of South Street.

Sew age P u m p in g  S tation . —  The sewage pumping station will be 
designed to house pumps of sufficient capacity to handle the es
timated peak sewage flow of 8.5 mgd for the year 2010, as given in 
Table 38. The initial construction will involve the installation of 
pump capacity to handle the peak sewage flow of 2.8 mgd for the 
initial design, as given in Table 38. The substructure of the pump
ing station will be reinforced concrete and the superstructure will be 
constructed of fireproof materials and will have a brick exterior.

The sewage entering the building will pass through a grinding 
mechanism. A  bypass will be provided around the grinder to be 
used in event that the latter is out of service for repairs. The bypass' 
will be equipped with a hand-cleaned bar rack. The sewage will

Sewage Pumping Station . 
Sewage Stabilization Ponds

375.000
310.000

§1,385,000

The T own of Tewksbury.
G eneral.
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Table 3 8 .  ----E stim ated . E o a d s  T r ib u ta r y  to  the P r o p o s e d  T ew k sb u ry  S ew a g e  T rea tm en t  P la n ts .

I t e m . Y e a r  1963. I n i t i a l  D e s i g n . Y e a r  2010.

E a s t  T e w k s b u r y  S e w a g e  T r e a t m e n t  P l a n t .

Tributary P o p u l a t i o n ............................................. - - 15,500

Min.
24-hr.

Avg.
Daily.

Max.
24-lir.

Peak
Rate.

Min.
24-hr.

Avg. Max. 
Daily. 24-hr.

Peak
Rate.

Min.
24-hr.

Avg. Max. 
Daily. 24-hr.

Peak
Rate.

Sewage Flows, mgd

Sanitary S e w a g e ....................................................... - - - - - - - 1.0 2.0 4.2 6.8
Infiltration - - - - - - - 0.5 1.0 1.7 1.7

Totals . . . . - - - - 0.5 1.0 2.0 2.8 1.5 3.0 5.9 8.5
5-day BOD, l b s /d a y ....................................................... - 1,040 3,100

W a m e s i t  S e w a g e  T r e a t m e n t  P l a n t .

Tributary P o p u l a t i o n ............................................. _ _ 1,000
Sewage Flows, mgd

Sanitary S e w a g e ...................................................... - - - - - - 0.1 0.3 0.5
Industrial W a s t e s ...................................................... 0.1 0.2 0.5 - - - - 0.1 0.3 0.7
I n f i l t r a t i o n ............................................................... - - - - - - - 0.1 0.2

Totals . 0.1 0.2 0.5 - 0.2 0.3 0.8 - 0.2 0.7 1.4
5-day BOD, lbs/day

Sanitary S e w a g e ...................................................... - _ 200
Industrial W a s t e s ...................................................... 230 - 550

T o t a l s ........................................................................ 230 400 750
Grease, lbs/day ( I n d u s t r i a l ) .................................... 150 150 150
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flow from  the grinder into the station wet well from which the 
pumps will take suction. The pumps will be driven by  electric 
motors. The motors will be equipped with variable speed controls 
so that the pump discharge will closely match the influent sewage 
fluctuation. A  flow meter will be installed in the discharge piping 
from the pumps to measure the total quantity of sewage. Flow 
measurement will be transmitted to a continuous recorder in the 
station. Standby power equipment will be provided in the super
structure of the station. The station will be built so that chlorine 
equipment and housing may be added in the future, if ever required. 
A  force main will transport the sewage from the pump station to the 
distribution chamber at the sewage stabilization ponds.

Sew age S tabilization  P on d s. —  The sewage stabilization ponds 
will be constructed on land located several hundred feet east of South 
Street, as shown on Fig. 48. Initially, 2 ponds will be constructed 
having a total surface area of about 30 acres, based on a loading of 
35 lbs of 5-day BO D  per acre per day. The initial design 5-day 
BO D  load is estimated to be 1,040 lbs per day, as given in Table 38. 
Space is available at the site for the construction of future ponds 
and the land should be acquired immediately.

The ponds will be constructed by  clearing the area and construct
ing earth embankments. The embankments will be from 7 to 8 ft 
high. The embankments will have side slopes of 3 horizontal to 1 
vertical on the pond side, and 2]/z horizontal to 1 verticle on the 
outside. The embankments wall be about 10 ft wide at the top. 
Ponds will be operated at a depth of water between 3 and 5 ft. The 
ponds will be equipped with inlets, outlets and drains, and piping 
will be arranged so that operation may be in series or in parallel. 
The ponds will be enclosed by  fencing. The effluent from the sewage 
stabilization ponds will be discharged into an unnamed brook flow
ing into the Shawsheen River. During low flow in the unnamed 
brook, part of the treated sewage can be accumulated in the ponds 
until the flow in the brook increases.

W a m esit A rea .
G eneral. —  Domestic and industrial wastes from  the Wamesit area 

will be collected at a new sewage station to  be constructed behind 
the Wamesit Processing Company near the new Interstate Route 
No. 495. The quantity of domestic sewage from  the Wamesit 
area will be small. The major contribution of wastes will be from 
the Wamesit Processing Company. The domestic and industrial
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wastes will be collected in a new sewage pumping station and lifted 
to new stabilization ponds located north of the Boston and M aine 
Railroad right-of-way near the Wamesit Processing Company, as 

I s]|0\yn on Fig. 49. Grease removal facilities will be constructed at 
the Wamesit Processing Company.

Sewage P um ping Station. —  The sewage pumping station will be 
designed to house pumps having sufficient capacity to handle the 

I peak sewage flow of 1.4 mgd estimated for the year 2010. Initially,
| pumps will be installed to handle the peak flow of 0.8 mgd estimated 
| for the initial design period, as shown in Table 38. The construction 
' of the pumping station will be identical to that described for the 
) East Tewksbury station. The discharge from the pumping station 
j will be transported in a force main to the distribution structure of 
I the sewage stabilization ponds.

Sewage Stabilization Ponds. —  The sewage stabilization pond con- 
I struction will be identical to that described for the East Tewksbury 
I ponds. The initial construction will involve tw o ponds having a 

total surface area of about l l/ i acres, based on a loading of 35 lbs 
| of 5-day BOD per acre per day. The estimated initial design 5-day 

BOD is 400 lbs per acre per day, as given in Table 38. Space is 
available for the construction of future ponds. The land should be 
purchased immediately. The effluent from the ponds will enter an 
unnamed brook flowing to the Trowel Brook. Treated effluent may 
be stored in the ponds during periods of low flow in the unnamed 
brook. The Trowel Brook flows northeasterly to the Merrimack 
River.

Industrial W aste Pretreatm ent. —  W e estimate the grease load 
from the Wamesit Processing Company to be about 150 lbs per day. 
The entrance of this grease into the sewers and the stabilization 
ponds would cause difficulty in maintenance and operation. W e 
recommend the construction of grease removal facilities at the 
industry.

Estimated C onstruction Costs.

Table 39 gives the estimated construction cost for the town of 
Tewksbury. All costs include allowances for engineering and con
tingencies. Sewage pumping stations at East Tewksbury and 
Wamesit are estimated to cost $515,000. Sewage treatment fa
cilities, including grease removal at Wamesit are estimated to  cost
8440,000. The total cost for the initial construction program is 

I estimated to be $955,000.
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T a b l e  39. —  Estimated Cost of Proposed Initial Construction Program for the
Town of Tewksbury.

I t e m . Estimated Cost.
Sewage Pumping Stations:

East Tewksbury Pumping Station and Force Main . $335,000
Wamesit Pumping Station and Force Main . . . 180,000

T o t a l .......................................................................................................... $515,000
Sewage Treatment Plants:

East Tewksbury Sewage Stabilization Ponds . . . 265,000
Wamesit Sewage Stabilization Ponds . . . .  145,000
Grease Removal at Wamesit Processing Company . 30,000

T o t a l ..........................................................................................................  440,000

G r a n d  T o t a l , I n it i a l  C o n s t r u c t io n  P r o g r a m  . . . .  $955,000

T he Town of W estford.
G eneral.

There is no municipal sewerage system in the town of Westford. 
Three of the population centers, namely, Forge Village, Graniteville 
and Nabnasset Pond, have private outlets, the discharges from 
which reach Stony Brook. Stony Brook flows through the town of 
Chelmsford into the Merrimack Biver. W e have prepared sanitary 
sewerage systems and sewage disposal facilities for these 3 areas. 
Table 40 shows the estimated tributary population, sewage flow and 
organic loadings estimated for the 2 proposed sewage treatment 
facilities.

Alternate econom ic studies as described hereinbefore have shown 
it to be cheaper to  treat the W estford sewage separately rather than 
at the proposed Lowell Regional sewage treatment plant.

F orge V illage  -  G raniteville P la n .

G eneral. —  The Forge Village -  Graniteville Interceptor will in
tercept the sanitary sewage flow from  Forge Village and transport 
it cross-country along the east bank of the Boston & M aine Railroad 
to the intersection of the railroad with M ain Street in Graniteville. 
The interceptor will then proceed along M ain Street; thence cross
country to  a proposed sewage pumping station located in Granite
ville. The sewage pumping station will lift the sanitary sewage 
from Forge Village and Graniteville to the proposed sewage stabiliza-
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tion ponds located east of Graniteville. I  he location of the inter
ceptor, pumping station and sewage stabilization ponds are shown
on Fig. 50.

Forge V illage-G ra n itev ille  In terceptor. —  The interceptor will 
start at the intersection of Concord Road and M ain Street in Forge 
Village. The interceptor will be an 18-in pipe and will be con
structed along the southeast side of the Boston & M aine Railroad 
right-of-way. The interceptor will follow the railroad past Farm 
Town Road, to a point near the edge of Stony Brook at the inter
section of Main Street and Ridge Road in Graniteville. Beyond this 
intersection the interceptor will be constructed in M ain Street to 
the intersection of Broadway Street as an 18-in pipe. From Broad
way Street the interceptor will be a 24-in pipe and will continue 
northeasterly along Main Street to a point midway between Broad
way and River Street. At this point the 24-in interceptor will turn 
east and be constructed cross-country approximately 1,000 ft to 
the new sewage pumping station at River Street. The interceptor 
will be constructed in open cut for its entire route.

Sewage Pum ping Station. —  The sewage pumping station struc
ture will be designed to house pumps of sufficient capacity to handle 
the peak flow of 3.9 mgd for the year 2010, as given in Table 40. 
Initially, pumps will be installed to handle the peak dry weather 
flow of 1.3 mgd, as given in Table 40. The substructure of the 
pumping station will be reinforced concrete and the superstructure 
will be constructed of masonry with a brick exterior. Sewage enter
ing the structure will pass through a grinding mechanism. A  bypass 
will be provided around the grinder to be used in the event that the 
latter is out of service for repairs. The bypass will be equipped 
with a hand-cleaned rack. Sewage 'will flow from  the grinder into 
the station wet well from which the pumps will take the sewage by  
suction. The sewage pumps will be operated by  electric drives 
paced by variable speed controls, so that the pumping rate will 
closely match the influent sewage flow. A  flow meter will be in
stalled in the discharge piping from the pumps to measure the total 
quantity of sewage flow. Flow measurement will be transmitted to 
a continuous recorder in the station. Standby power equipment 
will be provided. The station will be built so that chlorination 
equipment and housing may be added in the future, if ever required. 
The discharge from the station will be carried in a force main to the 
distribution structure of the new sewage stabilization ponds.

Sewage S tabilization P onds. —  A  plan of the proposed sewage



T a b l e  40. —  Estimated Loads Tributary to the Westford Sewage Treatment Plants.

I t e m . Y e a r  1 9 6 3 . I n i t i a l  C o n s t r u c t i o n . Y e a r  2 0 1 0 .

G r a n i t e v i l l e  S e w a g e  T r e a t m e n t  P l a n t .

Tributary Population...................................................... - - 6,650

Min. Avg. Max. Peak Min. Avg. Max. Peak Min. Avg. Max. Peak
24-hr. Daily. 24-hr. Rate. 24-hr. Daily. 24-hr. Rate. 24-hr. Daily. 24-hr. Rate.

Sewage Flow, mgd

Sanitary S e w a g e ....................................................... - - - - - - - - 0.2 0.8 1.8 3.1

I n f i l t r a t i o n ................................................................ - - - - - - - - 0.3 0.5 0.8 0.8

Totals .

5-day BOD, l b s /d a y ....................................................... -

0.2 0.4 0.9

450

1.3 0.5 1.3 2.6 

1,350

3.9

N a b n a s s e t  S e w a g e  T r e a t m e n t  P l a n t .

Tributary P o p u l a t i o n .............................................

Sewage Flow, mgd

Sanitary Sewage . . . . .

- -

0. 1

3,350

0.4 1.0 1.8

I n f i l t r a t i o n ............................................................... - - - - - - - 0.1 0.3 0.5 0.5

T o t a l s ......................................................................... - - - - 0.1 0.2 0.5 0.8 0.2 0.7 1.5 2.3

5-day BOD, l b s /d a y ....................................................... - 220 670
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stabilization ponds is shown on Fig. 50. Initially, 2 ponds will 
be constructed, having a total surface area of about 13 acres, based 
on a loading of 35 lbs of 5-day BOD per acre per day. The es
timated 5-day BOD for the initial design period is 450 lbs, as given 
in Table 40. Space is available at the site for the construction of 
future ponds. The land required for future construction should be 
acquired immediately.

The ponds will be constructed by clearing the area and construct
ing earth embankments. Embankments will be from  7 to 8 ft 
high. The embankments wrill have side slopes of 3 horizontal to 
1 vertical on the pond side and horizontal to 1 vertical on the 
outside. Embankments will be about 10 ft wide at the top. 
The ponds will be operated with a depth of water between 3 and 
5 ft. The ponds will be equipped with inlets, outlets and a drain. 
Piping will be arranged to enable operation in series or in parallel. 
The ponds will be enclosed by  fencing. The construction of the 
ponds will necessitate relocation of Beaver Brook to the extent 
shown on Fig. 50. Treated effluent can be stored in the ponds for 
discharge into Beaver Brook when flows are inadequate.

The Nabnasset A rea .

General. —  The proposed sewage works for the Nabnasset Area 
consist of a sewage pumping station, force main and sewage stabi
lization ponds, all as shown on Fig. 51.

Sewage P u m ping Station. —  The sewage pumping station will be 
located near the intersection of Nabnasset and M ain streets. The 
station will be designed to house pumps capable of handling the 
peak sewage flow of 2.3 mgd for the year 2010, as given in Table 40. 
Initially, pumps will be installed to handle the peak sewage flow of 
0.8 mgd, as given in Table 40. Construction of the station will be 
identical to that of the Graniteville Pumping Station.

Sewage Stabilization P on d s. —  Sewage stabilization ponds for the 
Xabnasset area will be constructed in swamp land located about
1,000 ft north of Main Street along Gilson Brook, on the W estford- 
Chelmsford town line. A  plan of the ponds is shown on Fig. 51. A 
force main will transport the sewage from  the pumping station to 
the distribution chamber of the sewage stabilization ponds. Treated 
sewage from the ponds will enter Gilson Brook as shown on Fig. 51. 
Gilson Brook flows southerly and enters Beaver Brook. The con
struction of the stabilization ponds will be identical to that of the
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proposed Graniteville ponds. Land required for future pond con
struction should be acquired immediately. Initially, 2 ponds will 
be constructed, having a total surface area of about 6Yz acres, based 
on a loading of 35 lbs 5-day BO D  per acre per day. The 5-day 
B O D  load for the initial design period is estimated to be 220 lbs 
per day, as given in Table 40.

E stim ated  C onstruction  Cost. —  The cost of the initial construc
tion program for the town of W estford is given in Table 41. All 
costs include allowances for contingencies and engineering. The 
Forge Village -  Graniteville Interceptor is estimated to cost .$490,000, 
the 2 pumping stations and force main installation $440,000, and 
the sewage stabilization ponds $250,000, giving a total initial con
struction cost of $1,180,000 for the initial program.

T a b l e  4 1 . —  Estimated Cost of Proposed Initial Construction Program for the
Town of Westford.

I t e m . Estimated Cost.
Forge Village-Graniteville I n t e r c e p to r .................................................... §490,000

Sewage Pumping Stations:
Graniteville Pump Station and Force M ain . . §250,000
Nabnasset Pump Station and Force Main . . 190,000

T o t a l .........................................................................................................  440,000

Sewage Treatment Plants:
Graniteville Sewage Stabilization Ponds . . . 160,000
Nabnasset Sewage Stabilization Ponds . . . 90,000

T o t a l .........................................................................................................  250,000

G r a n d  T o t a l , I n i t i a l  C o n s t r u c t io n  P r o g r a m  . . . §1,180,000
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Chapter VIII. Operation and Maintenance.

Our studies indicate that if a Merrimack Pollution Abatement 
District were to be formed, comprised of the IS cities and towns in 
the study area, to construct the recommended sewage works, the 
savings over individual construction by cities, towns or metropolitan 
districts would be only about 2 to 3 per cent. Individual cities and 
towns can receive more Federal Aid under present law than could a 
district covering the entire study area. Construction of sewage 
works by Newburyport is now under way. Other municipalities are 
planning individually. For these reasons we do not recommend the 
formation of this large regional district for construction of the sewage 
works.

Construction of sewerage and sewage treatment facilities does not 
assure pollution control and removal of danger to the public health. 
Careful operation and maintenance of such facilities by  trained per
sonnel must be followed if the danger to public health by  pollution 
is to be kept under control. Operation and maintenance of the 
sewage works recommended herein can be administered using one 
of 2 alternative methods, the second of which (operation by  in
dividual communities and metropolitan districts) is the method 
recommended.

The first method studied would be to  organize a pollution abate
ment district, comprised of the 18 cities and towns in the study area, 
for operation and m aintenance of the sewage treatment works and 
the interceptors recommended in this report. The sewage works 
would be constructed by  the individual cities, towns, or metropolitan 
areas under the direction and in conformance -with standards es
tablished by the governing body of the sewage district. A  district 
headquarters would be located at the Lawrence regional sewage 
treatment plant. Laboratory and maintenance facilities would be 

j centered at this district headquarters for all of the works in the 
study area which would reduce the amount of laboratory and main
tenance facilities required at each sewage treatment works along the 
river. Maintenance specialists and reserve operators required dur
ing vacations, sickness and emergencies at the individual plants 
would be assigned out of the District Headquarters in Lawrence.

Table 42, which is entitled “ Annual Operation and Maintenance 
Costs under Merrimack Pollution Abatement District for the Year
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T a b l e  42. Annual Operation and Maintenance Costs Under Merrimack Pollution 
Abatement District for the Year 1970.

(1) (2) (3) (4) (5) (6) m
L ocation of 

Sew age Works. Personnel.
Electrical 

and Heating. Chlorine.
Equipment 
and Supply.

Miscel
laneous. Total.

Town o f Amesbury . $8,600 $5,700 $8,000 $3,000 $1,500 $28,400
Town of Billerica 29,600 23,800 7,000 6,000 3,000 69,400
Haverhill Region 79,700 59,600 98,000 23,600 11,800 272,700
Lawrence Region 97,000 260,600 216,000 57,400 28,700 658,700
Lowell Region . 79,700 137,700 114,000 33,100 16,600 381,100
Town o f Merrimac 3,600 600 1,500 2,000 1,000 8,700
City o f Newbury port 9,600 6,000 10,000 4,000 2,000 31,600
Town o f Salisbury - 1,100 2,500 1,200 600 5,400
Town of Tewksbury . - 300 1,300 1,000 500 3,100
Town of Westford - 300 1,300 1,000 500 3,100
District Headquarters 294,400 4,200 - 60,000 30,000 388,600

Total . . . . $602,200 $499,900 $459,000 $192,300 $96,200 $1,850,800

1970” , presents a breakdown of the estimated costs for operation 
and maintenance for each community (town, city or metropolitan 
area) as well as for the district as a whole for the year 1970. Col
umn 2, Personnel, does not include costs for the personnel required 
to  maintain local sewerage systems but only the costs for the per
sonnel needed to operate the interceptors, pumping stations, and 
sewage treatment works recommended in this report. The salaries 
used for personnel are based on the Massachusetts Salary Schedule 
(see Table 43) established in November, 1960. The selection of re
quired operation and maintenance personnel is for the sewage works 
that would be constructed, supervised and operated by  a Merrimack 
River Pollution Abatement District.

The electrical and heating costs in Column 3 include all of the 
power costs which would be needed to  operate the pumping equip
ment as well as the sewage treatment works equipment. The chlo
rine costs in Column 4 are based on six months’ summer operation 
only of chlorination equipment. The river is used for recreational 
purposes during the months from  M ay to October, and the cost of 
chlorination during the remainder of the year when the river would 
not be used for recreational purposes is not justified economically. 
The clam industry might gross in unpolluted waters about 8160,000 
per year, or about $70,000 during the six months of winter; there-
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Table 43. —  Massachusetts Salary Schedule of November, 1960.

T i t l e . G r a d e .

A n n u a l .

Minimum. Maximum.1

A d m in istra tion  a n d  E n g i n e e r i n g :
Director and Chief Engineer....................................................... 27 $11,808 $15,080
Assistant Director (Sanitary E ngineer).................................... 23 9,932 12,584
Principal Mechanical Engineer — Operations 20 8,476 10,712
Principal Mechanical Engineer — Maintenance 20 8,476 10,712
Purchasing (Business A g e n t)....................................................... 18 7,540 9,568
Head C l e r k .................................................................................. 11 4,680 5,828
Senior Clerk S te n o g ra p h e r ...................................................... 7 3,692 4,628
Clerk T y p i s t .................................................................................. 6 3,567 4,368

Laboratory:
Chief of L a b o r a t o r y ................................................................ 18 7,540 9,568
Senior C h e m i s t ......................................................................... 16 6,656 8,476
Assistant Bacteriologist................................................................ 14 5,824 7,384
Laboratory T e ch n ic ia n ................................................................ 9 4,108 5,200

Operation:
Chief Sewerage Treatment Plant Operator (1) 13 5,408 6,812
Treatment Plant O p e r a t o r ....................................................... 12 4,992 6,292
Assistant Treatment Plant O p e r a t o r .................................... 10 4,320 5,564
Pumping Station O p e r a t o r ....................................................... 10 4,320 5,564
Skilled L a b o r e r ......................................................................... 7 3,692 4,628

M aintenance:
Master (or Head) M e c h a n ic ....................................................... 16 6,656 8,476
Maintenance Foreman ................................................................ 12 4,992 6,292
E le c tr ic ia n .................................................................................. 11 4,680 5,828
M a c h in is t .................................................................................. 11 4,680 5,828
8.T.P. Equipment Repairman (Maintenance Specialist) 10 4,320 5,564
Storekeeper.................................................................................. 9 4,108 5,200
Skilled L a b o r e r ......................................................................... 7 3,692 4,628
Laborer . . .  . . . . . . . 6 3,496 4,355

1 Annual increments to reach maximum.

fore, chlorination to  protect the clam  industry at H averhill, M erri- 
mac, Am esbury and N ew buryport at a cost of over $100,000 during 
the six m onths of N ovem ber through April is not justifiable finan
cially. W hether or not sewage is chlorinated before discharge into 
the river, all river water w ould require further chlorination before it 
could be used as a m unicipal water supply. Colum n 5, “ E qu ip
ment and Supplies” , includes the costs for m aintenance and replace
ment of only the equipm ent and supplies needed in the operation 
and m aintenance o f the interceptor system  and the sewage works. 
Column 6, entitled “ M iscellaneous,”  provides for those contingency 
items not foreseen in the budget. T he estim ated total annual op-
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erational cost utilizing the district system  is about $1,850,800 for 
the year 1970.

T h e second m ethod, and the one we recom m end, for  operation 
and m aintenance of the sewage works, is b y  the individual com 
m unity  authority  w hich  constructed  the sewage works. Table 44, 
“ A nnual O peration and M aintenance Costs Under Individual Com 
m u n ity  C o n tro l” , presents the costs for  each com m unity and for 
the d istrict as a w hole w hen no central district equipm ent would be 
available. T h e item s listed in this table have been determined in 
the same m anner as were the item s in T able  42, described above. 
T h e tota l estim ated cost for operation and m aintenance under this 
m eth od  w ould  be about $2,049,400 for the year 1970.

U sing the costs arrived at (under ideal conditions) in Tables 42 
and 44, it can be seen that as m uch  as 10 per cent m i g h t  be saved 
in operation  and m aintenance costs b y  establishing a sewage pollu
tion  abatem ent district for  this purpose. N evertheless, there are 
2 m ajor factors w hich  w ould  probab ly  m ake operation b y  the Dis
trict system  im practical and uneconom ical.

T able 44 .—-Annual Operation and Maintenance Costs Under Individual Com
munity Control for the Year 1970.

(1) (2) (3) (4) (5) (6) (7)

L o c a t i o n  o f  
S e w a g e  W o r k s .

Electrical
Personnel. | and Heating. Chlorine.

Equipment 
and Supply.

Miscel
laneous. Total.

Town of Amesbury . $12,200 $5,700 $8,000 $3,000 $1,500 $30,500

Town o f Billerica 28,200 23,800 7,000 8,000 4,000 70,000

Haverhill Region 180,000 60,600 98,000 51,100 25,400 416,000

Lawrence Region 255,500 262,400 216,000 110,000 55,100 899,000

Lowell Region . 221,300 138,900 114,000 71,200 35,600 561,000

Town of Merrimac 7,500 600 1,500 2,000 1,000 12,600

City o f Newbury port 13,200 6,000 10,000 4,000 2,000 35,200

Town of Salisbury 4,500 1,100 2,500 1,200 600 9,900

Town o f Tewksbury . 4,500 300 1,300 1,000 500 7,600

Town o f West ford 4,500 300 1,300 1,000 500 7,600

Total . . . . $732,300 $499,700 $459,600 $252,500 $126,200 $2,049,400

The first factor has to  d o  w ith  the probability  that equipmen 
and procedures will not be sim ilar in the various sewage works, a- 
the construction of the sewage treatm ent works recom m ended herein 
probably  will not be done under a M errim ack Pollution  A batem en
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District but, as explained hereinbefore, b y  the indh idual com 
munities. W ith ou t district control, the variation in types o f equ ip 
ment and in treatm ent methods from  area to  area w ould  increase 
the cost of district operation and m aintenance.

A second factor is the almost im possible difficulty o f arranging the 
distribution of operational costs on an equitable basis betw een 
(a) the metropolitan centers w ith their concentration  o f industry 
such as Lowel), Lawrence and H averhill; (6) the larger tow n  con 
tiguous to the industrial centers such as M ethuen , A ndover, N orth  
Andover, Chelmsford and D racu t; ( c )  the m edium  sized com 
munities somewhat separated from  the m etropolitan  areas such as 
Billerica, Tewksbury, Am esbury and N ew bu ryp ort; and ( d )  the 
smaller towns with very sparse population  and low  popu lation  
density centers such as Grovel and, M errim ac, Salisbury, T yn gs- 
borough, W estford and W est N ew bu ry . In  order to  illustrate this 
point Table 45 has been prepared.

Table 45 shows the costs to  the residents of individual cities and 
towns if the operation and m aintenance of the sewage w orks is b y  
the individual com m unity. C om m unities such as T yn gsborou gh , 
Groveland and W est N ew bury, wffiere sewage w orks’ construction  is 
not proposed initially, are not included.

It is possible that the sewage w orks recom m ended herein m ay be 
in full operation about 1970. F or this reason figures have been 
projected to the year 1970 w henever possible for  use in this table. 
The latest “ full va lu e”  equalization of assessed valuations, Colum n 
6, were made in 1963 for the year 1962 b y  the M assachusetts D e 
partment of Com m erce. T h e operation  costs were prepared using 
1970 sewage flows and the 1960 salary schedule presented in T able 
43. The operation costs for the Law rence and Lowell regions were 
allocated am ong the com m unities in the regions b y  distributing the 
cost according to  the ratio o f the num ber of persons connected  to  
the sewer system  of each  com m unity  to  the total num ber of such 
persons served in the region.

Column 8, T able  45, shows the per capita  sewered operation  cost 
to vary from  $2.50 to  $8.95 per capita if the operation is to  be b y  
individual com m unities. I f the operation  were to  be b y  a M erri
mack Pollution A batem ent D istrict, the total operation  cost w ould  
be $1,850,800, as show n in T able  42. A t a total sewered population  
of 297,800, the average operation cost for the entire va lley  w ould  be 
about $6.25 if operation were to  be b y  a M errim ack D istrict and if 
costs were apportioned on the basis of sewered popu lation ; thus the



T a b l e  45. —  Apportionment of Operation and Maintenance Costs for the Year 1970, if Construction and Operation of Sewage IS orks
are by Individual Communities.

( 1 ) (2) (3) (4) (5) ( 6 ) (7) (8) (9) (10) (i d (1 2 )

T o w n ,  C i t y  o r  
M e t r o p o l i t a n  R e g i o n .

Type of 
Treatment.

1970
Sewered

Population.

Average 
Sewage 

Flow, 1970 
(mgd).

1970
Total

Population.

1962
Equalized
Valuation
(millions).

1970
Operation

Costs.

1970
Per Capita 

Sewered 
Operation 

Cost.

1970
Per Mgd 

Operation 
Cost.

1970
Per Capita 
Operation 

Cost.

Increase in 
Tax Rate 
per $1,000.

Increase 
in Water 
Rate per 

1,000 Gal.

Town of Amesbury . Primary 7,800 2 . 1 11,300 $33.50 $30,500 $3.92 $14,500 $2.70 $0.91 $0,040

Town o f Billerica Ext. Aeration 8 ,0 0 0 1.9 26,000 76.30 70,000 8.75 36,800 2.70 0.92 0 .1 0 1

City of Haverhill Primary 46,500 19.8 50,000 180.00 416,000 8.95 20,900 8.35 2.31 0.057

Lawrence Region Ext. Aeration 114,000 45.4 135,000 628.65 899,000 7.90 19,800 6.65 1.43 0.054

Town o f Andover . 16,000 3.9 2 0 ,0 0 0 103.50 126,000 7.90 32,300 6.30 1 .2 1 0.088

City of Lawrence . 67,000 30.1 6 8 ,0 0 0 311.90 529,000 7.90 17,600 7.80 1.70 0.048

Town of Methuen . 2 0 ,0 0 0 6 . 9 32,000 123.50 158,000 7.90 22,900 4.95 1.28 0.063

Town of North Andover 1 1 ,0 0 0 4.5 15,000 89.75 8 6 ,0 0 0 7.90 19,100 5.75 0.96 0.052

Lowell Region . Ext. Aeration 97,500 25.8 131,000 385.00 561,000 5.75 21,800 4.30 1.46 0.060

Town of Chelmsford 4,500 3.7 2 2 ,0 0 0 89.25 26,000 5.75 7,000 1 .2 0 0.29 0.019

Town of Dracut 4,000 0.7 18,000 58.75 23,000 5.75 32,900 1.30 0.39 0.090

City of Lowell 89,000 21.4 91,000 237.00 512,000 5.75 23,900 5.65 2.16 0.066

Town of Merrimac . Primary 2,500 0 . 8 4,000 11.00 12,600 5.05 15,800 3.15 1.14 0.043

City of Newburyport Primary 14,200 2.5 14,800 53.75 35,200 2.50 14,100 2.40 0.65 0.039

Town of Salisbury Lagoons 3,300 1.0 3,600 17.20 9,900 3.00 9,900 2.75 0.57 0.027

Town o f Tewksbury . Lagoons 2 ,0 0 0 0.5 2 1 ,0 0 0 53.50 7,600 3.80 15,200 0.35 0.14 0.042

Town of West ford Lagoons 2 ,0 0 0 0.5 1 0 ,0 0 0 51.75 7,600 3.80 15,200 0.75 0.15 0.042

Totals . . . . 297,800 100.3 406,700 $1,490.65 $2,049,400
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communities paying at this rate under D istrict operation w ou ld  be 
charged from  2.5 times to 0.7 times the am ount they  w ould  pay  for 
individual com m unity operation and m aintenance.

If the D istrict operation costs were apportioned on  the basis of 
sewage flow, the estimated average annual cost per m illion  gallons 
per day would be $18,500. The com m unities paying at this rate 
would be charged from  2.6 times to  0.5 tim es the am ount they 
would pay for individual com m unity operation and m aintenance.

If the District operation costs were apportioned on  the basis of 
total community population, the estim ated average annual cost per 
capita would be $4.50. The com m unities paying at this rate w ou ld  
be charged from  12.9 times to  0.5 tim es the am ount th ey  w ou ld  pay  
for individual com m unity operation and m aintenance.

It is our recom m endation that the operation  and m aintenance of 
the sewage works in the study area be b y  the individual tow n, city  
or metropolitan region rather than b y  a M errim ack P ollu tion  A b a te 
ment District even if established solely for adm inistration of the 
sewrage works in the area after their construction  b y  other public 
entities.

The estimated operation and m aintenance costs referred to  above 
and presented in Tables 42, 44 and 45 are based on chlorination of 
the flow at the proposed sewage treatm ent plants for  six m onths 
per year, and do not include the costs of operating and m aintaining 
the storm overflow chlorination stations proposed for future con 
struction.

We estimate that the additional annual costs for operation  and 
maintenance of the storm  overflow  chlorination stations during the 
six months from  April through O ctober w ould  be about $91,000 for 
Lowell, about $40,000 for Lawrence, and abou t $46,000 for H aver
hill. These annual costs for operation and m aintenance include the 
costs for personnel, chlorine, heat, e lectricity , equipm ent replace
ment and m aintenance.
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Chapter IX. Financing and Assessment of Costs.

General.

It  is recom m ended that the sewage w orks in the study area be 
constructed  and operated either b y  individual com m unities or by 
m etropolitan  pollution  abatem ent boards (in the 3 m etropolitan 
areas w ith core cities of Low ell, Law rence and H averhill). It 
is expected  that the design and construction  o f the recom m ended 
dry  w eather flow  sewage w orks will require approxim ately 6 years. 
T h e dry  w eather flow  sewage w orks recom m ended could be con
structed b y  about 1970 and are expected  to  cost about 94 million 
dollars, based on O ctober, 1963, construction  costs at an Engineering 
N ew s-R ecord  C ost Index o f about 910.

T he proposed chlorination w orks for  m ixed sewage and storm 
w ater in excess of the dry  w eather flow  will require about 4 years 
for  design and construction . These works, required for Lowell, 
Law rence and H averhill, are estim ated to  cost an additional 47 
m illion dollars. In  our judgm ent, these chlorination works cannot 
be financed reasonably b y  the com m unities in volved  at the present 
tim e w ithout very  substantial financial assistance. W e, therefore, 
have n ot included these w orks in the proposed initial construction 
program . W e do recom m end that one such chlorination works be 
constructed  in Law rence for  the purpose o f acquiring operating ex
perience w hich  will be o f great value in the design o f the proposed 
overall program  for ch lorination o f m ixed sewage and storm  water.

I t  should be em phasized again that the program  proposed herein 
for  pollu tion  abatem ent in the M errim ack  R iver requires the chlo
rination o f overflow s o f m ixed sewage and storm  water, in addition 
to  treatm ent o f the dry  w eather flows, and that full recreational 
use o f the river cannot be obtained until such treatm ent of overflows 
is accom plished.

Grants for Construction of Sewage Works. j

There is little financial aid available at this tim e from  Federal 
sources, and none from  state sources, to  aid in this program . Public 
Law  660 provides for grants for  construction  o f interceptors, pu m p
ing stations, and treatm ent facilities up to  30 per cent o f construc
tion  costs but not to  exceed $600,000 for any one city  or tow n, nor 
to  exceed $2,400,000 for any group o f cities and tow ns. T h e annual,)
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allocation o f funds b y  Congress to be disbursed under Public Law 
660 averages about $100,000,000. This is divided proportionally  
among States on so-called “ n eeds”  form ula w hich takes into ac
count. the per capita incom e, so M assachusetts’ share averages 
about $2,000,000 per year. T he com m unities along the M errim ack 
River cou ld  n ot expect m uch m ore than a third of this each year 
during the construction  o f the required sewage works. M assachu
setts’ p roportion ate Federal tax load is m ore than the proportionate 
amount o f the aid that M assachusetts receives under Public Law  660 
for aid in construction  o f sewage works. A lthough  these grants will 
be of assistance to  the individual cities and tow ns, thejr cannot be 
expected to  m aterially help finance the sewage w orks for the m etro
politan regions.

During the last year som e $900,000,000 was disbursed in the form  
of Accelerated P ublic W orks G rants in distressed areas in the U nited 
States. This is not a continuing program . H ow ever, legislation is 
now being studied in Congress for  a second A ccelerated Public W orks 
Grant program . A ll com m unities w ithin  the study area, w ith the 
exception o f W estford  and M errim ac, are classified as distressed 
areas due to  the relatively high unem ploym ent rate in the area. The 
latest unem ploym ent figures released b y  the M assachusetts D ivision  
of Em ploym ent Security for  August, 1963, appear in T able  46. The 
communities, w ith  the exception  o f W estford  and M errim ac, w ould 
be eligible for  A P W  grants w hich  am ount to  about 50 per cent of 
total construction  costs. T o  be eligible for  a Grant, however, the 
work m ust be under w ay  w ithin 120 days o f receiving the Grant. 
This means that construction  plans and specifications should be 
prepared before the legislation is passed for  a com m unity  to  be 
able to prom ise to  start construction  w ithin 120 days. N ew buryport 
had construction  plans available and so was able to  apply and re
ceive a 50 per cent P u b lic W ork s G rant for  the construction  of the 
sewage w orks for that city.

Possible Financial Returns with Pollution Control.

There is a financial advantage to  be gained in pollution  control 
which can on ly  be  approxim ated . W ith in  the study area, the river 
is approxim ately 50 miles long w ith about 100 miles of shoreline. 
Up to abou t 40 m iles of this shoreline could be developed for 
recreational purposes to  attract tourists and m ore summer resi
dents, if the river pollution  were abated.
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In ) 958, the U nited States Census of business indicated the 
am ount o f business for prom otion  of amusement, recreation and 
sports; bands and orchestras; casinos; dance halls; bow ling, bil
liards and p o o l; com m ercia l sports; racing; etc. (n ot including 
m otion  pictures). T h e total value of this type of business for M as
sachusetts in 1958 was .$75,000,000 in 2,450 establishm ents produc
ing abou t $31,000 per business establishm ent. Per fam ily ex
penditures for  this business averaged $49 for  the State as a whole, 
but on ly  about $25 in the com m unities in the study area. An influx 
o f tourists and sum m er residents w ould  increase the am ount of this 
type  o f business in the valley. These recreational facilities would 
have an increased usage from  sum m er tourists and residents whose 
prim ary reason for  com ing to  the va lley  w ould be the use of the 
M errim ack R iver for  the recreational pursuits o f swim m ing, fishing, 
boating, p icknick ing, water skiing, cam ping, etc., in  pleasant sur
roundings readily accessible from  B oston .

T able 46. —  Unemployment in Study Area.

L o c a t i o n . Unemployed. Labor Force.
Per Cent 

Unemployed.

Lawrence-Haverhill standard metropolitan statistical 
a r e a .................................................................................. 6,050 90,180 6.7

Lowell Standard metropolitan statistical area . 4,150 51,490 8.1

Commonwealth of M a ssa ch u setts .................................... 122,600 2,306,700 5.3

United S t a t e s ......................................................................... - - 5.5

A t the present tim e, despite river pollution , there are large num
bers o f m any types of warm  water fish present in the M errim ack 
R iver, including such types of gam e fish as chain pickerel and bass. 
T h e long, w ide stretches of the M errim ack R iver w ould make boat
ing a pleasure if pollution  were rem oved. W ith  pollution-free waters, 
the swim m ers and water skiers also w ould en joy  these fresh river 
waters. U p to  40 miles along the shore are adaptable to recrea
tional usages. It is estim ated that at least 10,000 persons per day 
for  the m onths o f M a y  through Septem ber could be attracted to  the 
area if a sound recreational developm ent program  accom panied the 
river pollution  abatem ent. These 10,000 persons could bring in an 
average o f $7 a day  o f business in to  the area. This cou ld  repre
sent an additional annual gross incom e to  the region o f approxi
m ately $10,000,000, w hich could be started only after there has been 
a clean-up of the river as the first step.
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Financial Statistics.
Table 47 entitled “ Financial Statistics has been prepared to  de

tail the financial capacity of the com m unities in the study area. 
This table presents statistics that prim arily relate personal incom e 
and property tax rates to the individual citizen of the com m u n ity  
and not to the industrial or com m ercial interests in the com m unity . 
Income data not readily available for industrial and com m ercia l 
properties.

Financing Required for Construction and Operation.
Table 48 entitled “ Financing of the Proposed D ry  W eather F low  

Sewage W orks”  contains summaries of construction , operation  and 
financing costs, plus the effect on taxes, for the sewage w orks pro 
posed for the study area. A  description of the factors considered in 
the preparation of each colum n o f T able  48 follow s:

The name of each com m unity where proposed sewage w orks are 
to be located is shown m  C olum n 1. T h e nam es of com m unities 
sharing metropolitan sewage w orks are inset below  the nam e o f the 
metropolitan region. The sewage w orks for  N ew bu ryport are now  
under construction with aid from  the Federal G overn m en t; there
fore, figures for the cost of sewage w orks for  N ew bu ryport have not 
been included in Table 48.

The operation costs in C olum n 2 have been taken from  T able  45 
and the construction costs in Colum n 3 have been taken from  
Chapter V II. The sewage works recom m ended d o  not include local 
collection systems but do include interceptors and pum ping stations, 
as well as treatment works. In  som e com m unities the cost of inter
ceptors exceeds the cost of the treatm ent facilities, while in other 
communities interceptors are not required at all. T h e degree of 
treatment required and the availability  o f sites for  treatm ent w orks 
also is different in each com m unity, and this is reflected in the costs 
of construction and of operation.

The recom m ended allocation  of construction  costs and operation 
costs, between m unicipalities sharing metr opolitan  regional sewage 
works, has been m ade on different bases in  this report. T he o p 
eration costs in the Low ell and Law rence regions were allocated 
among the com m unities in the regions b y  distributing the cost ac
cording to  the ratio of the num ber of persons connected to  the sewer 
system of each com m unity  to  the total num ber of such persons 
served in the region.
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T a b l e  47. —  Financial Statistics.

(1) ( 2 ) (3) (4) ( 5 ) ( 6 ) (7)

L o c a t i o n .

1982
Full Value 
Assessed 

Valuation.

1963 
Actual 

Tax Rate.

1963 
Tax 

Rate at 
Full Value.

Ratio to 
Average 

Full Value 
Tax Rate for 

Massachusetts.

Per Capita 
Tax

Based on 
Column 2.

Per Cent 
Valua
tion in 
Resi

dential 
Property

Massachusetts - $70.64 $27.83 1.00 $162.50 -

Amesbury $33,500,000 42.00 32.50 1.17 103.30 68

Andover 103,500,000 29.00 27.10 0.97 179.30 71

Billerica . 76,300,000 95.00 34.10 1.22 150.00 72

Chelmsford . 89,250,000 90.00 28.70 1.03 170.40 85

Dracut . 58,750,000 8 8 .0 0 25.10 0.90 108.80 57

Groveland 13,250,000 64.00 33.50 1.20 132.50 91

Haverhill 180,000,000 75.60 33.70 1.21 134.50 29

Lawrence 311,900,000 81.60 24.80 0.88 112.10 52

Lowell . 237,000,000 94.00 52.40 1.88 138.00 60

Merrimac 11,000,000 67.00 33.80 1.21 113.00 81

Methuen 123,500,000 72.00 22.50 0.81 101.20 87

Newbury port 53,750,000 51.00 27.70 0.99 109.70 69

North Andover 89,750,000 63.00 16.40 0.59 138.50 30

Salisbury 17,200,000 90.00 30.00 1.08 164.40 68

Tewksbury 53,500,000 108.00 35.60 1.28 132.90 30

Tyngsborougb 14,500,000 130.00 26.20 0.94 118.20 82

Westford 51,750,000 87.00 19.50 0.70 163.30 60

West Newbury 9,500,000 37.00 27.90 1.00 156.40 60
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T a b l e  47. — Financial Statistics.

(8) (8) (10) d o (12) (13) (14)

Per Capita 
Tax Median.

Ratio to 
Median Family

Population P rojections. Average
1970

Based on 
Columns 
6 and 7.

Family
Income

1959.

Income in 
Massachusetts 

($6,272).
1960

Census.
1970 Total 

Population.
1970 Sewered 
Population.

Sewage
Flow

(MGD).

- $6,272 1.00 - - - -

$70.30 5,709 0.91 10,787 11,300 7,800 2.1
127.20 7,694 1.23 15,878 20,000 16,000 3.9
108.00 6,349 1.01 17,867 26,000 8,000 1.9
144.50 7,130 1.14 15,130 22,000 4,500 3.7
62.00 6,205 0.99 13,674 18,000 4,000 | 0.7

120.00 - - 3,297 5,000 500 0.1
39.00 6,077 0.97 46,346 50,000 46,500 19.7
58.30 5,508 0.88 70,933 68,000 67,000 30.1
82.80 5,679 0.90 92,107 91,000 89,000 21.4
91.50 - - 3,261 4,000 2,000 0.8
88.20 6,278 1.00 28,114 32,000 20,000 | 6.9
75.70 5,628 0.90 14,004 14,800 14,200 I 2.5
41.50 6,793 1.08 10,908 15,000 11,000 4.5
112.00 - _ 3,154 3,600 3,300 1.0
39.80 6,646 1.06 15,902 21,000 2,000 0.5
97.00 - 3,302 4,500 - -
98.00 - 6,261 10,000 2,000 0.5
93.80 - 1,844 2,500 - -
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Studies were m ade to  determ ine the construction cost to  each 
m unicipality  w ithin a region for intercepting and treating its own 
wastes. T h e total construction  cost for individual treatm ent fa
cilities is necessarily higher than the recom m ended regional treat
m ent plan. T he cost of each com m u n ity ’s individual treatment 
facilities has been determ ined as a percentage of the tota l cost for 
all such facilities. These percentages have been used in allocating 
the construction  cost of the recom m ended regional plan to  the par
ticipating com m unities.

It has been assumed, for the purposes of this study, that each 
m unicipality  constructing treatm ent facilities individually, will re
ceive the m axim um  financial aid possible under present law. It 
has also been assum ed that each m etropolitan  region constructing 
jo in t sewage w orks over a 4-year period w ould receive 4 Federal 
grants of $600,000 each. It  is assum ed that current lim itations on 
availability  o f Public Law  660 funds will be offset b y  future state 
and Federal grants from  program s in the process o f being established 
at this tim e. T he am ounts o f the assumed assistance are shown in 
C olum n 4.

In  C olum n 5 are show n the num ber of bond  issues proposed for 
each  com m unity  and Colum n 6 indicates the length of each bond 
issue. T he present interest rate of about 3.3 per cent for thirty-year 
bonds and 3.6 per cent for  forty -year bonds has been used to  com 
pute interest charges. F orty -year bonds were used for  the metro
politan  regions, where there are com bined sewers, to  reduce the 
annual cost as m uch  as reasonably possible.

T h e proposed  sewage w orks for dry  w eather flows m ight be com 
pleted b y  the year 1970. Therefore, 1970 has been selected as the 
year to  be used in com paring annual costs for  construction  and op
eration o f the proposed dry  weather flow  sewage works. The annual 
paym ents for  principal and interest in 1970 appear in Colum n 7. It 
is probable  that the m unicipalities will secure the m oney for  these 
annual paym ents b y  increases in the property  tax rate.

T h e  total annual cost for both  construction  and operation for 
each  com m u n ity  was obtained b y  adding Colum ns 2 and 7.

In  1956 a special State Com m ission studied the division o f assessed 
va luation  betw een residential, com m ercial, industrial, etc., prop
erties. The per cent o f the tota l assessed valuation in residential 
property  appears in Colum n 9.

T o  determ ine the construction  costs per person, the annual cost
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of principal and interest payments in Colum n 7 was m ultiplied b y  
the per cent o f the assessed valuation in residential propi i t }  in t k 
municipality shown in Column 9 and divided b y  the estim ated total 
population in 1970. The results of these calculations appc ui in 
Column 13, as the 1970 cost per person not served b y  sewers.

It is probable that communities will obtain  the m oney required to  
operate the proposed sewage works b y  setting up sewer charges per 
service connection or b y  setting up a charge to  persons served b y  
sewers based on water use. T o  determ ine the cost of operation  pew 
person served by  sewers, the costs of operation appearing in C o l
umn 2 were divided by  the estim ated num ber o f persons to  be served 
by sewers in the m unicipality in 1970. T he estim ated 1970 cost of 
operation per person served was added to  the 1970 annual cost per 
person for the sewage works construction  to  obtain  the estim ated 
annual cost to persons served b y  sewers for  1970 w hich appears in 
Column 12.

In 1963 the M assachusetts D epartm ent of C om m erce established 
a “ full value”  equalized valuation  for the year 1962 in each m u
nicipality in the study area w hich has been presented in C olum n 15. 
The annual cost for construction  (C olum n 7) d ivided b y  the equal
ized valuation in thousands o f dollars gives the probable tax increase 
(Column 16) that w ould be required to  m eet the construction  costs 
in 1970. The equalized tax rate of 1963 added to  the expected  tax 
rise for construction costs gives the tota l tax rate to  be expected  in 
1970 as shown in Colum n 17.

In Column 18 is shown the percentage increase in tax rate that 
would be caused if the tax rate is raised to  pay  for  the sewage w orks 
construction.

An analysis of the figures in T able  48 indicates that the average 
family served by  the new sewage w orks w ou ld  have an annual p a y 
ment fo r  such works in 1970 of from  about $28 in W estford  to  about 
$68 in M ethuen.

The increase in the equalized tax rates to  pay  for  the cost of 
construction of the proposed sewage w orks required to  treat dry 
weather sewage flow w ould be from  about 80 cents per $1,000 for 
Tewksbury to  about $7.15 per $1,000 for  H averhill. T h e corre
sponding percentage increases in the equalized tax rates w ould  be 
from about 2.2 per cent for  T ew ksbury  to  about 21.2 per cent for 
Haverhill.

After the dry weather flow sewage w orks have been constructed,
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T a b l e  48 . —  Financing of the Proposed Dry Weather Flow Sewage Works.

(1) (2) (3) (4) (5) (6) (7) (8) (9)

T o w n , O i t y  o r  
M e t r o p o l i t a n  R e g i o n .

Annual
Operation

Cost,
1970.

Construc
tion

Cost.

Possible 
Federal 
Grants, 
PL 660.

Num 
ber of 
Bond 

Issues.

Term of 
Bond 
Issue 

(years).

Principal
and

Interest,
1970.

Annual
Sewage
Works
Cost,
1970.

Per Cenl 
Valua
tion in 
Resi

dential 
Property 

1956.

Town of Amesbury . $30,500 $2,350,000 $600,000 1 30 $110,700 $141,200 68

Town of Billerica 70,000 1,600,000 480,000 1 30 67,533 137,533 72

City of Haverhill 416,000 23,980,000 2,400,000 4 40 1,287,000 1,703,000 29

Lawrence Region 899,000 31,200,000 2,400,000 4 40 1,718,000 2,617,000 -

Town of Andover . 126,000 2,430,000 - - - 135,000 261,000 71

City of Lawrence . 529,000 19,450,000 - - - 1,070,000 1,599,000 52

Town o f Methuen . 158,000 6,080,000 - - - 335,000 493,000 87

Town of North Andover 86,000 3,240,000 - - - 178,000 264,000 30

Lowell Region . 561,000 31,200,000 2,400,000 4 40 1,718,000 2,279,000 -

Town of Chelmsford 26,000 3,850,000 - - - 212,000 238,000 85

Town o f Dracut 23,000 2,150,000 - - - 118,000 141,000 57

City of Lowell 512,000 25,200,000 - - - 1,388,000 1,900,000 60

Town of Merrimac . 12,600 725,000 217,500 1 30 32,017 44,617 81

Town of Salisbury . 9,900 1,385,000 415,000 1 30 61,433 71,333 68

Town of Tewksbury 7,600 955,000 286,500 1 30 42,933 50,533 30

Town of West ford 7,600 1,180,000 354,000 1 30 52,233 59,833 60

Totals . . . . $2,014,200 $94,575,000 $9,553,000 $5,089,849 $7,104,049
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Table 48. — Financing of the Proposed Dry Weather Flow Sewage Works.

(10) (ID (12) (13) (14) (15) (16) (17) (18)

1970
Estimated

Total
Population.

1970
Estimated
Sewered

Population.

1970
Cost per 
Person 
Served 

by Sewer.

1970
Cost per 
Person 

Not 
Served 

by Sewer.

1962
Equalized
Valuation
(millions).

1963
Equalized 
Tax Rate 
per $1,000.

Estimated 
Tax Increase 

in 1970 for 
Construction 

per $1,000.

Estimated
1970

Equalized 
Tax Rate 
per $1,000.

Per C ent1 
Increase 
in Taxes 
Due to 
Costs of 

Construc
tion

11,300 7,800 $10.53 $6.61 $33.50 $32.50 $3.28 $35.78 10.0
26,000 8,000 10.62 1.87 76.30 34.10 0.88 34.98 2.6
50,000 46,500 17.01 8.05 180.00 33.70 7.15 40.85 21.2
135,000 114,000 - - 628.65 - - - -
20,000 16,000 12.65 4.79 103.50 27.10 1.31 28.41 4.8
68,000 67,000 16.10 8.20 311.90 24.80 3.45 28.25 13.9
32,000 20,000 17.02 9.12 123.50 22.50 2.71 25.21 12.1
15,000 11,000 11.39 3.56 89.75 16.40 1.98 18.38 12.1
131,000 97,500 - - 385.00 - - - -
22,000 4,500 13.94 8.16 89.25 28.70 2.38 31.08 8.3
18,000 4,000 9.48 3.73 58.75 25.10 2.01 27.11 8.0
91.000 89,000 14.90 9.15 237.00 52.40 5.85 58.25 11.2
1,000 2,500 11.52 6.48 11.00 33.80 2.92 36.72 8.6
3,600 3,300 14.60 11.60 17.20 30.00 3.57 33.57 11.9
21,000 2,000 9.92 6.12 53.50 35.60 0.80 36.40 2.2
10,000 2,000 6.93 3.13 51.75 19.50 1.01 20.51 5.2
*1,900 283,600 $1,436.90
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the next stage of the proposed construction program  calls for 
chlorinating the overflow s of m ixed sewage and storm  w ater from  
the com bined  sewer system s in Lowell, Lawrence and H averhill. 
These works, described in C hapter V II , will cost, respectively, 
about $23,900,000, $11,400,000 and $11,500,000. T he costs below 
are based on financing w ith 2 issues o f 40-year bonds at 3.6 per 
cent interest, plus 2 grants to  each city, under P ublic Law 660, 
o f $600,000 each. On this basis, if the w orks were to be com 
pleted b y  1975, the estim ated annual costs w ould  be about $1,384,500 
for  Low ell, about $613,700 for  Law rence, and about $619,0C0 for 
H averhill. These annual construction  costs to  an average family 
w ould  be about $36.50 for  Low ell, about $19 for Lawrence and 
abou t $14.40 for H averhill.

These annual paym ents for  chlorination w orks w ould increase the 
tax  rate b y  an estim ated $5.80 per $1,000 to  about $64.05 per $1,000 
at Low ell, b y  about $2 per $1,000 to  about $30.25 per $1,000 at 
Law rence, and b y  abou t $3.45 per $1,000 to  about $44.30 per $1,000 
at H averhill.

Metropolitan Water Pollution Abatement Boards.

It  is recom m ended that m etropolitan  pollution  abatem ent boards 
be established to  m anage and control the construction  and operation 
of sewage w orks serving three or m ore com m unities in a m etro
politan area.

It  is possible that H averhill in the future m ay serve Groveland. 
It  is probable that G roveland, presently w ithout m unicipal sewers, 
will require sewerage w orks w ithin the next 20 years. It is recom 
m ended that H averhill construct its ow n sewage works and pro
v ide som e capacity  for the treatm ent of sewage from  G roveland; 
the plant to  be operated b y  H averhill, and G roveland to  be charged 
for the services rendered b y  H averhill.

It  is recom m ended that a m etropolitan  water pollution abatement 
district be form ed com prising Law rence, A ndover, M ethuen and 
N orth  A ndover to  be m anaged and controlled b y  a m etropolitan 
water pollution  abatem ent board. Construction  and operation of 
regional interceptors, pum ping stations, and the sewage treatment 
plant w ould be a district responsibility.

It  is also recom m ended that a m etropolitan water pollution  abate
m ent district be form ed com prising Lowell, Chelm sford and D racut
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to be managed and controlled by a m etropolitan w ater pollution  
abatement board. Provisions should be m ade to intercept and treat 
the Billerica wastes if the low-flow augm entation plan for  the C o n 
cord River does not materialize. Construction and operation  o f 
regional interceptors, pum ping stations and the sewage treatm ent 
plant would be a district responsibility.



204 H O U SE  — N o. 3733. [June

A p p e n d i x  A .

Early P o llu tion  A batem en t Studies.

C h a pt e r  I. H ist o r ic a l . 1

T h e sanitary condition  of the M errim ack  R iver has been a matter 
o f public concern for  m ore than 60 years. T h e exam ination of water 
supplies in M assachusetts was begun in 1887 at w hich tim e the M er
rim ack R iver was being used directly  as a source of water supply for 
the cities o f Low ell and Lawrence. B oth  o f these cities discontinued 
the direct use o f untreated M errim ack R iver  water shortly there
after bu t the city  of Law rence installed water filtration facilities 
and has continued the use o f M errim ack R iver w ater to  the present 
tim e.

In  accordance w ith  chapter 114 o f the R esolves o f 1908, the State 
B oard  of H ealth  subm itted a report, H ouse D ocu m en t 1401 of 1909, 
upon  the sanitary condition  o f the bed, banks and waters of the 
M errim ack  R iver and the streams tributary thereto. The results 
o f the investigation  of 1908 and 1909 indicated that the pollution 
o f the river, in term s of the concentration  o f album inoid ammonia, 
had increased about 40 per cent during the preceding 20 years. 
T he report indicated that the pollution  was due to  both  sewage 
and industrial wastes. One o f the principal sources of complaint 
was the grease resulting from  the scouring of w ool. The total 
popu lation  living w ithin the w atershed in 1900 was about 640,000, - 
o f w hich  420,000 were in M assachusetts and 220,000 were in New 
H am pshire. It  was estim ated that about 403,700 were discharging 
sewage into the M errim ack R iver or its tributaries in 1908, of which 
som e 269,000, or 67 per cent o f the total, were located in Massa
chusetts.

A ctin g  under chapter 505 o f the A cts o f 1909, the State Board of 
H ealth further investigated the sanitary condition  o f the river and 
streams tributary thereto. T h e results o f this investigation were 
reported in H ouse D ocu m en t 2050 of 1913. This report stated that 
the ob jectionable conditions fou n d  in the M errim ack R iver  at that

1 From the “ Report of the Joint Board Established to Investigate and Study, and to Prepare Plans and 
Maps for the Disposal of Sewage in the Merrimack River Valley” , Senate Document No. 550, 1947.
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time were due chiefly to two causes: (1) the discharge o great 
quantities o f w ool-scouring wastes into the river at Lawrence, b y  
which the beds, banks and waters of the stream were seriously p o l
luted for several miles below that city, and (2) the fouling o f the 
bed and banks of the river and some of its tributaries b y  the dis
charge of sewage at numerous sewer outlets in the cities along its 
banks. The investigation further showed that the river was al
ready considerably polluted b y  sewage and m anufacturing w astes 
at the point at which it enters the State, bu t that at a poin t just 
above the city of Lowell, considerable im provem ent had taken place 
in the condition of the water. The principal poin ts o f pollu tion  
within the Commonwealth were at Low ell, Law rence and H aver
hill. It was the opinion of the B oard that for  the m aintenance o f 
proper sanitary conditions in the river, the w ool-scouring wastes dis
charged at Lawrence should be  treated for  the rem oval of grease. 
It was suggested that the collection  and treatm ent o f sewage be 
undertaken by  the cities and tow ns them selves and prelim inary 
plans to accomplish this purpose were prepared and subm itted  to  
the authorities of the m unicipalities. T h e 1913 report indicated 
that of all of the increase in organic m atter occurring in the river 
at Lawrence, about 50 per cent was due to  w ool-scouring wastes, 
about 30 per cent to  other industrial wastes, and on ly  20 per cent 
to the sewage of the city  of Law rence and the tow ns o f M ethuen  
and North Andover.

In compliance with the requirem ents of chapter 49 o f the R esolves 
of 1923, the D epartm ent o f P ublic H ealth  again investigated the 
sanitary condition of the M errim ack  R iver and studied the m atter 
of sewerage and sewage disposal in the valley, w ithin the lim its of 
the Commonwealth. T he results o f this investigation  included the 
cities of Lowell, Law rence H averhill and N ew bu ryport and the 
towns of D racut, Tyngsborough , Chelm sford, Billerica, T ew ksbury, 
Andover, N orth  Andover, M ethuen, G roveland, W est N ew bury, 
Merrimac, A m esbury and Salisbury.

The 1923 investigation indicated that the river received sewage 
from Lowell and neighboring tow ns am ounting to  about 12 m gd 
during dry weather, and industrial wastes am ounting to  abou t 
20 mgd, one half of w hich contained putrescible organic m atter. 
From Lawrence and the neighboring tow ns, the river received 
about 11 m gd of sewage during dry weather, and about CO m gd 
of m anufacturing wastes of w hich about 22 m gd contained o b 
jectionable m atter. A t H averhill the river received sewage am ount-
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ing to  abou t 5.5 m gd, and industrial wastes am ounting to  5 to  6 
m gd. A ccord in g  to  the 1920 census, the population within the 
w atershed o f the M errim ack R iver  above the city  o f Low ell was
343,000, of w hich 231,000 were in N ew  H am pshire and 112,000 in 
M assachusetts, chiefly w ithin the N ashua R iver watershed. The 
population  o f the M errim ack R iver V alley from  Low ell to  the ocean, 
including Low ell, was 340,000.

In the 1923 investigation, tw o plans for the disposal of sewage were 
studied : 11) a trunk sewer to  collect the sewage and objectionable 
m anufacturing wastes along the M errim ack R iver and to  discharge 
them  in to the sea off P lum  Island, and (2) local treatm ent plants 
along the va lley  o f the river for the collection  and the treatm ent of 
sewage and the industrial wastes from  each m unicipality, and its 
subsequent discharge in to  the river. B oth  plans were developed 
so that the w orks w ould be adequate until the year 1965. It was 
estim ated that the total population  o f the cities and tow ns concerned 
w ou ld  be  568,120 in the year 1965; that the average flow  o f sewage 
and industrial wastes tributary  to  the proposed works would be 
84,185 m gd ; and that the m axim um  rate o f flow  w ould  be 156.57 
m gd. B oth  plans included prelim inary designs for  local intercept
ing sewers.

T he estim ated cost o f construction  of the trunk sewer from  Lowell 
to  the sea, including the cost of interceptors and including land- 
takings and engineering, was $9,992,400. T he cost of maintenance 
and operation  for  the trunk sewer schem e was estim ated at $173,500 
per year. T h e plan for  local treatm ent, involv ing  the construction 
o f 13 separate treatm ent w orks together w ith collecting sewyers and 
pum ping stations, was estim ated to  cost $8,371,000. The annual 
cost o f operation  and m aintenance of the separate wrorks wras esti
m ated at $359,100 w hich  included a credit of $110,000 for the sale 
of grease at 1.5d per lb. C apitalization of the estim ated cost of 
m aintenance and operation  at 4 per cent interest indicated that the 
adoption  o f the trunk sewrer plan w ou ld  result in a saving of the 
interest on about $4,640,000. T h e report recom m ended the adop
tion of the trunk sewrer plan and recom m ended the form ation of a 
district to  em brace the cities and tow ns concerned.

Chapter 26 of the R esolves of 1928 directed the D epartm ent of 
Public H ealth to  again investigate the sanitary condition  of the 
M errim ack R iver to  determ ine whether the condition  had changed 
m aterially within the 5-year period since the previous investiga
tion. The results of this study were reported in H ouse D ocum ent
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82 of 1929. It was found that there had been a m arked reduction  
in industrial operations in the principal cities in the M errim ack  
Valley due to the business depression in the industries in volved . 
The consequence, therefore, was a considerable reduction  in the 
amount of pollution entering the M errim ack R iver due to  a de
crease in the amount of both industrial wastes and sewage.

In 1927 a meeting was held at H averhill w hich was attended b y  
various mayors and selectmen in the M errim ack V alley  and w hich 
later was followed by the form ation of the M errim ack  V alley  Sew 
erage Committee. On N ovem ber 30, 1934, a conference was held 
at Haverhill to  discuss the m atter of construction  of a trunk sewer 
in the Merrimack Valley. The conference expressed the opin ion  
that it was in favor of the construction  of a trunk sewer and it 
authorized the chairman to  negotiate w ith  the Federal G overn 
ment for a Grant-in-Aid.

Chapter 446 of the Acts of 1935 established the M errim ack  R iver 
Valley Sewerage District, created the M errim ack  R iver V alley 
Sewerage Board and defined its duties and powers, and provided  
that the terms of the A ct should cease to  be effective January 1, 
1936, unless $10,000,000 had been allocated for construction  b y  
the Federal Governm ent. N o  funds were m ade available but 
chapter 420 of the A cts of 1936 re-established the M errim ack  
River Valley Sewerage D istrict and prov ided  for  an unpaid board 
to be known as the M errim ack R iver V alley  Sewerage B oard. 
The duties of the B oard were defined bu t no funds were a llocated 
to the district. The A ct provided, how ever, that construction  of 
works might be started if funds were allocated b y  the Federal G o v 
ernment under authority of appropriate Federal legislation for the 
project. The A ct further provided  that the district should cease 
to exist and the authority invested in the board  to  undertake con 
struction should cease on January 1, 1938, unless prior thereto suf
ficient funds for construction had been allocated to  the district b y  
the Federal G overnm ent. N o  funds were m ade available and no 
construction was undertaken under this A ct, bu t under the term s 
4 the A ct the board was continued in order to  act jo in tly  w ith  the 
Hew Hampshire W ater Resources B oard as the M errim ack R iver 
Talley A uthority.

Chapter 60 of the R esolves of 1937 established a special com m is
sion to  study certain problem s in the M errim ack V alley, including 
the problem  of pollution  and sewage disposal. T he special com m is-
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sion studied the proposal of the D epartm ent of Public Health, Sen
ate D ocu m en t 492 of 1924, and presented in its report Senate D ocu
m ent 100 of 1938, a revised proposal to  take account of the changed 
conditions in the V alley  and the changes in costs of construction and 
operation. C onditions were found to  have changed considerably 
since 1924 due to  the reduction in the rate of population growth, 
changes in industrial activities, and increased demands on the part of 
residents to  use the river m ore extensively for  recreational purposes. 
T h e Forestry  D ivision  and the D ivision  of Fisheries and Game of 
the D epartm ent of C onservation indicated the possibility of the 
developm ent of the M errim ack R iver for recreation by  construct
ing park sites, bathing beaches, picnic and cam ping grounds and 
other recreational facilities; provided, the pollution of the stream 
w ould not prevent it. Fish and game authorities found that fishing 
was com paratively  good  above Lowell but very poor below Lowell. 
T o  com ply  w ith  the various recom m endations of the recreational 
and fishing interests for im provem ent of the river, the special com
m ission considered local treatm ent to be inadequate and recom
m ended the trunk sewer schem e. It further recom m ended a sewage 
treatm ent plant for the trunk line sewer to  be located in the vicinity 
of N ew buryport, the plant to  provide for prim ary treatment of the 
sewage for the rem oval of suspended solids, grease and floating 
m atter.

D espite the fact that the increase in population since 1924 was 
not as great as was anticipated in the 1924 report of the Department 
o f P ublic H ealth, the special com m ission recom m ended that the 
capacity  of the trunk sewer be the same as was recom m ended in the 
1924 report. The estim ates of cost of construction of the trunk 
sewer plan, together w ith  proposed sewage works, was $27,050,000. 
The estim ated cost of m aintenance and operation was $298,500 
which, when capitalized at 3 per cent interest, am ounted to $9,-
950,000. Thus, the special com m ission found that the total capi
talized cost for the trunk sewer plan, based on 1937 costs, would 
be $37,000,000.

A  similar revision in the estim ated costs of the local disposal plan 
subm itted b y  the D epartm ent of Public H ealth in 1924 was made 
b y  the special com m ission. The revised estim ate of the cost of 
construction  of local disposal w orks was $20,088,000. The revised 
estim ate of the cost of m aintenance and operation was $470,000 
per year which, when capitalized at 3 per cent interest, amounted
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to $15,667,000. Thus, the special commission found that the total 
capital cost for the local disposal plant, based on 19,;7 pi ices, ^ ° ’ .ul 
be $35,755,000.

The special commission gave consideration to  the effect of poLu- 
tion and sewage disposal on the shellfish industry in N ew bury  port 
and Salisbury. The sewage from  N ew buryport, Salisbury and 
Haverhill was found by  the D epartm ent of Public H ealth  to  be the 
principal cause of contam ination of the shellfish industry in N ew 
buryport and Salisbury. It was suggested b y  the special com m is
sion that the construction of the trunk sewer plan w ould  d ivert 
sewage from the shellfish beds and thus result in a reduction  in the 
cost of chlorination of the shellfish taken therefrom . It  was pointed 
out, however, that the extensive State developm ent of Salisbury 
Beach then in progress would m ake it inadvisable to  discharge raw 
sewage from the M errim ack V alley  in to  the sea off P lum  Island. 
For this reason it was recom m ended that the plan be accom panied 
by primary treatment of the sewage.

Chapter 49 of the Resolves o f 1936 and chapter 66 of the R esolves 
of 1937 directed the D epartm ent of P ublic H ealth  to  study the 
sanitary condition of certain rivers in  the Com m onw ealth, in c o 
operation with the Federal W orks Progress A dm inistration. These 
rivers included the M errim ack R iver. T he results of this study are 
contained in H ouse D ocum ent 1735 o f 1938. Sam ples of the M erri
mack River water were collected during the period from  June to  
November, 1937, and these sam ples were analyzed. Analyses 
showed that the river, as it enters M assachusetts, was not sufficiently 
polluted to be objectionable for  recreational purposes or to  cause 
nuisance, although it was pollu ted  so as to  be unsuited for  water 
supply purposes even after treatm ent. T h e analyses indicated m uch 
pollution below  Lowell, gross pollution  below  Law rence and below  
Haverhill. The dissolved oxygen  present in the stream  was greatly 
decreased between Low ell and a point just below  H averhill. Tests 
made by  the W P A  showed that below  Lawrence the average b io 
chemical oxygen dem and was over 6 ppm , while the m axim um  
found by  the D epartm ent in 1937 was 21 ppm  in the m onth of 
August, with an average for 1937 of 13.5 ppm . T h e lowest dis
solved oxygen determ ined b y  the D epartm ent was below  H aver
hill in August of 1937 when the water was on ly  11.6 per cent satu
rated with oxygen. T he pollution  below  Law rence was found to be 
so serious that it practically  depleted the oxygen in the stream  dur
ing the drier periods of the year and this and other portions o f the
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stream  bordered on the nuisance stage. There was fou n d  to  be an 
im provem ent near the m outh  of the river.

T he 1937 stu dy included a survey of the river to  determ ine the 
location  of various sewer outlets and also a survey of industrial 
wastes discharging into the river. N o  gagings were m ade on either 
the flow  of sewage from  the sewer outlets or of the quantities of in
dustrial wastes, and no sam ples w ere taken o f the industrial wastes 
for  analysis. Estim ates of quantities of industrial wastes were made, 
how ever, and were reported  in H ouse, N o . 1735.

C hapter 62 of the R esolves of 1945 established a Joint Board 
com prising the M errim ack R iver V alley  Sewerage B oard and the 
D epartm ent o f P ublic H ealth, and directed the Joint B oard: (IV  
to  prepare suitable plans and m aps for the disposal o f sewage in the 
cities and tow ns com prising the D is tr ic t ; (2) to  consider the various 
m ethods o f disposal o f sewage and application  o f such m ethods to 
any part of the present sewerage system  in said cities and towns; 
(3) to  em ploy  such engineering and other assistants as m ay be 
necessary for  carrying out the ob jects  of this resolve: and (4) to 
ascertain and report the cost o f any m eans for the disposal of sewage^ 
recom m ended b y  it. Funds were prov ided  for  carrying out the 
purposes o f the resolve and these funds were supplem ented by an 
additional appropriation  in chapter 47 of the R esolves of 1946.

A ctin g  under the authority  o f chapter 62 o f the Resolves of 1945, 
the Joint B oard  em ployed  the w riter to  m ake the engineering studies 
d irected  b y  the resolve and to prepare a report to  include the results 
o f these studies, together w ith  prelim inary plans, estimates of cost 
and recom m endations. T he report so authorized is submitted 
herein.
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A p p e n d i x  B .

The D ilution  M ethod  o f D isposa l.1

The dilution m ethod for the disposal of sewage now  being used 
ineffectively on the M errim ack R iver consists prim arily o f discharg
ing the sewage into enough clean water that the concentration  o f the 
polluting matters in the mixture will be low  enough to  satisfy sani
tary standards. In early Am erican practice, betw een the years 1887 
to 1925, the dilution required for the prevention o f offensive con 
ditions in the disposal of m unicipal sewage in rivers was stated b y  
various authorities to be from  2 cfs per thousand popu lation  to  
about 10 cfs per thousand people. T he 1912 standards o f the 
British Royal Commission on Sewage D isposal required a dilution 
of 500 to 1 for the disposal o f sewage w ithout treatm ent. T h is is 
equivalent to a river flow o f about 27 cfs per 1,000 population . 
Standards of this type are not used in m odern waste disposal and 
sewage treatment practice because they  take little account o f the 
volume and character of industrial wastes, the extent to  w hich the 
river is already polluted, the character of floating solids, bacterial 
pollution and factors related to the required use o f the river and its 
ability to recover its purity. A ttention  is here focused on the d ilu
tion method because it has been proposed to  extend the m ethod for 
the Merrimack R iver b y  means o f reservoirs to  be constructed  
primarily for flood control and pow er purposes.

The four new reservoirs contem plated in N ew  H am pshire b y  the 
t;. S. Engineers, know n as the L iverm ore Falls, Sm ith R iver, B lack- 
rater and Bennington Reservoirs, are planned for  both  pow er and 
flood control purposes. O f the tota l storage to be provided , 303,000 
acre-feet are earmarked for pow er and 254,000 acre-feet for  flood 
control, as indicated in Fig. 4. T he reservoirs are to  be operated 
luring dry weather for optim um  pow er generation. T h e resulting 
effect on the flow of the stream at Lawrence w ould be to m aintain 
the dry weather flow at not less than about 2,500 cfs as shown b y  
'he figure. T h is w ould effect an increase in dilution of less than 
19 per cent during the1 3 driest m onths of the year, but w ould 
increase the dilution b y  60 per cent for the 10 per cent rate o f flow.

1 From the same note as for Appendix A.
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\\ hile such an increase in dry  weather flow is desirable, the increase 
is not sufficient, as will be  shown presently, to  effect any savings in 
the cost o f rem edial measures required for pollution abatement.

T h e organic loadings on the river in the D istrict, in terms of 
b iochem ica l oxygen dem and m easured during 1946, have been con
verted  to  equivalent population  for the D istrict on the basis of 0.19 
lbs of B O D  per person per day. T he equivalent populations are 
show n in T ab le  4, w hich also shows the required m inimum flow of 
the M errim ack  R iver, based on early standards for the dilution 
m ethod  o f sew'age disposal. T he low er standard used in this table,
2 cfs per thousand persons, is about the m inim um  which might be 
set for  avoidance o f gross nuisance and w ould not permit much use 
o f the river water. The higher standard, 27 cfs per thousand per- , 
sons, is that of the British R oya l Com m ission. Since it is proposed to . 
use the M errim ack R iver for  recreational purposes, the higher stand
ard w ould  certainly be desirable in the absence o f further studies. 
It  w ill be noted  that to  com ply  w ith this standard, the Lowell wastes 
alone require a flow  in excess of the average flow  o f the river. For 
the D istrict as a whole, the required flow  w ould have to be about 
five tim es the average for  the river.

T able 4. —  Required Minimum Flow of Merrimack River Based on Early Standards 
for Dilution Method of Sewage Disposal.

R e q u i r e d  F l o w  i n  c f s .

1947 E q u i v a l e n t  P o p u l a t i o n  b a s e d  o n  BOD L o a d i n g .
At 2 cfs per 

1,000 persons.
At 27 cfs per 
1,000 persons.

Lowell Region:
338,000 ................................................................................................... 676 9,120

Lowell and Lawrence Regions:
1,123,000 .......................................................................................... 2,246 30,300

Lowell, Lawrence and Haverhill Regions:
1,215,800 .......................................................................................... 2,431 32,800

Entire District :
1,271,985 .......................................................................................... 2,544 34,400

In  C hapter V I I  it is dem onstrated that com plete treatment of 
b o th  sewage and industrial wastes m ust be effected at Lowell and 
Law rence and prim ary treatm ent at H averhill, Am esbury, New- 
bu ryport and Salisbury in order to  keep the dissolved oxygen con
tent o f the river sufficiently high to  protect fish life. Such a plan 
w ould com prise the rem oval of approxim ately  seven eighths of the 
B O D  now7 being discharged into the M errim ack R iver in M assa-
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chusetts. T o  accom plish  equivalent results by  the dilution m ethod 
would require an 8-fold  increase in the rate of flow of the river 
during dry periods. U sing the 10 per cent flow, or 1,500 cfs, as a 
base, the required flow  w ould  be  12,000 cfs w hich exceeds the 
average.

I It is also dem onstrated in C hapter V I I  that in order to  m ake the 
I flerrimaek R iver safe, during dry weather, for swim m ing and recre- 
I ational purposes and for  shellfish culture, the treatm ent o f the sew- 
' age and industrial wastes described above m ust be follow ed by  
I chlorination so as to  effect an overall rem oval o f coliform  bacteria 
| amounting to  abou t 99.99 per cent. Results equivalent to or better 
t than those obtained b y  treatm ent can be obtained b y  rem oval of all 

of the sewage and industrial wastes from  the river in the D istrict b y  
| means o f a trunk sewer dow n to  the ocean. It is to  be noted, how - 
I ever, that the bacterial pollution  in the river as it enters the State 

at the N ew  H am pshire line is som ew hat too  high to  perm it the safe 
I use of the w ater for  sw im m ing or recreational purposes betw een the 

state line and Low ell. Thus it appears, for full, safe use of the river 
in M assachusetts during dry  weather, the State o f N ew  Ham pshire 
must also undertake the rem oval o f bacteria from  the M errim ack.

Consideration has also been given to  the possibility that the di
lution m ethod b y  m eans o f reservoirs m ight be used as a substitute 
for secondary treatm ent, assum ing that prim ary treatm ent of sew
age and industrial wastes in M assachusetts is follow ed b y  chlorina
tion to effect adequate bacterial rem oval. Prim ary treatm ent m ay 
be expected to  rem ove about 27 per cent o f the B O D , leaving about 
60 per cent to  be accounted  for  b y  dilution. T he dilution required 
is 2.5 tim es the present flow . This am ounts to  a m inim um  o f 3,750 
cfs, based on the present 10 per cent flow  o f 1,500 cfs. Since the 
U. S. E ngineers’ plan for  conservation reservoirs contem plates a 
minimum flow  o f about 2,500 cfs, a 2 .5 -fold  increase w ould require 
additional reservoirs so as to  raise the m inim um  flow another 1,250 
cfs. It is p robab ly  n ot feasible to  regulate the flow  b y  means of 
reservoirs such that the m inim um  flow will be much greater than
3,000 cfs. C om plete regulation to  a theoretical m axim um  so as to 
have uniform  flow  the year round, w ould result in a flow not ex
ceeding the average o f about 7,000 cfs. In order to  bring the mini
mum flow o f the river at Law rence up to  3,750 cfs during the 6 
dry m onths o f the year, it w ould be necessary to  find new reservoir- 
capacity in addition  to  those already proposed by  the U. S. Engi
neers, am ounting to  a total o f about 288,000,000,000 gallons, or
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NSO.OOO acre-feet. Assum ing that suitable sites for such reservoirs 
cou ld  be found, the cost w ould probab ly  not be less than $200,000 
per billion gallons of effective capacity. The resulting capital in
vestm ent w ould am ount to  $57,600,000. Thus the use of conserva
tion reservoirs to  provide additional dilution is not an economical 
substitute for  secondary treatm ent of sewage.

Our studies indicate that it is neither feasible nor economical to 
substitute the dilution m ethod for the treatm ent of sewage or for 
a trunk sewer from  Lowell to the ocean. T he construction of reser
voirs such as those proposed b y  the U. S. Engineers for power pur
poses will be helpful in increasing the discharge in the river during 
periods of extrem e drought. H ow ever, such reservoirs will not avoid 
any of the construction costs necessary for an adequate abatement 
of pollution. There will be no saving b y  virtue of such reservoirs 
in the construction  of either sewage treatm ent works or the trunk 
sewer, w hichever plan is adopted for pollution relief.
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C A R R - D E E  T E S T  B O R I N G
6 B EA C O N  STREET

To__CAMP,^ ORE SSER  & MCKEE, ENG RS.

Location_____ MERRIMAC Rl VER S TUDY,

BO STO N ,

BOSTON,

MASS.

BORING / l

A N D  C O
M A SSA C H U SETTS

MASS.

BORING ft I —A

N S T R U C T I O N

______P a t ,* AlJQ. 23,

C O R P O R A T I O N
Telephone LA fayeM e 3-1373

____ Job  No.___ 63201_____

----------- Scale 1" = _  J* a

BORING )A|—0

GROUND SURFACE

LOOSE LOAMY SANO 2

HARD VERY 
F I ME SANO,
TRACE OF 
GRAVEL

34

-  REFUSAL -

NO WATER ENCOUNTERED

Ground  s u r f a c e

LOOSE LOAMY 8AN0 6

MAR® VERY 
F IN E  SAND, 
TRACE OF 
GRAVEL

30

-  REFUSAL -

DATE e-22~S3
NO WATER ENCOUNTERED

G r o u n d  s u r f a c e

L008E LOAMY 6ANO 6

HARD VERY 
FI tC BAND, 
TRACE OF 
GRAVEL

30

-  REFUSAL -

NO WATER ENCOUNTERED

DATE 0-22-63

NOTEl TH IS  BORING MADE 
10*0" EAST o r  BOREHOLE / l

DATE 8~22-*63

NOTEl T H IS  BORING MADE 
20*0" EAST OF BOREHOLE f \





C A R R - D E E  T E S T  B O R I N G  A N D  C O N S T R U C T I
6 B E A C O N  STREET BO STO N , M A SSA C H U SETTS

Tn CAMP, D RESSER  & MCKEE, ENG R S . , BOSTON, MASS.______________________ r>n , „  «UG.

. .. UERRIMAC R IV ER  STUOY, MASS.1 nrnrinn w

O N  C O R P O R A T I O N
T«l«phone LAf<ry«tt« 3-1373

2 3 ,  1963 j „ h  N o ___ 6 3201

_____________________ Sca le  1 " =  *  t*

BORING fZ BORING f Z - K BORING /3

GROUND SURFACE

2 ' 0 "

|2 ' 0 "

LOOSE LOAMV SAND

HARD FI NE 
BAND, TRACE 

OF ORAVEL

36

-  REFUSAL -

NO HATER ENCOUNTERED 

DATE 6 - 2 2 - 6 3

GROUND SURFACE

LOOSC LOAMY SAND 6

HARD F IN E  
SAND, TRACC 
OF GRAVEL

36

-  REFUSAL -

NO WATER ENCOUNTERED

DATE 8-22-63

NOTEt T H IS  BORING MADE 
7 '0 "  EAST OF BOREHOLE fZ

GROUND 8URFACE

2 * 0 "

16*0"

LOOSE LOAMY SAND

HARO FI NE 
SAND, 80ME 
ORAVEL

AO

-  REFUSAL -  
( n o t  e n c o u n t e r e d )

NO WATER ENCOUNTERED

DATE* 8-22-63





c  A  R R '  °  f  E l  E f  T b o r i n g  a n d  c o n s t r u c t i o n  c o r p o r a t i o n
B O ST O N , M A SSA C H U SETTS T . l . p h . n .  LA , 3 1 373

To C M P ,  DRESSER & MCKEE, CNQ RS. , BOSTON, MASS.

MERRIMAC RIVER STUDY, MASS.

■ Do Ia - * 6 , 23» 1963 i~u  N n  63201

Locatio rL

BORING /4 

GROUND SURFACE

5*0 "

12*0"

I 3’6"

NO WATER ENCOUNTERED 

DATE 6-21-63

BORING / 4 -A  

Gro un d  s u r f a c e

L008C
LOAMY 4 LOOSE
SAND LOAMY 7

SAND

FIRM  VERY 
T INE SAND

14 FIRM VERY 
F IN E  KANO

12

HARD FI NE 8AND, 
80ME ORAVEL

44
| 2 ’ 0 "

HARD F IN E  SAW ), 
SOME GRAVEL 40

-  REFUSAL - i -i*C"
-  REFUSAL -

NO WATER ENCOUNTERED

DATE 8-21-63

NOTE 1 TH IS  BORI NQ MADE 
S’ O" WEST or BOREHOLE /4

-Scale 1" =  _ _.ff.

BORING f 5

Gro und  s u r f a c e

25’ 0*

HARD FI EC 

SA M ), SOME 

GRAVEL & 

ST0NE6

44

-  REFUSAL -
( n o t  e n c o u n t e r e d )

NO WATER ENCOUNTERED 

DATE 8-20-63

UNLESS OTHERWISE SPECIFIED, WATER LEVELS NOTED, WERE OBSERVED AT COMPLETION OF BORINGS, AND DO N O T NECESSARILY REPRESENT PERMANENT

GROUND WATER LEVELS. FIGURES IN RIGHT HAND COLUMN INDICATE NUMBER OF BLOWS REQUIRED TO DRIVE____TWO-INCH SPLIT SAMPLER

I J  INCHES USINO 140 LB. W EIGHT FALLING 30 INCHES. SHEET-------?---------- OF---------- ®-------------





C A R R - D E E  T E S T  B O R I N G  A N D  C O N S T R U C T I O N  C O R P O R A T I O N
6 B E A C O N  STREET BO ST O N , M A SSA C H U SETTS T« l«phon« lA lo y » l l»  3-1373

To CAMP, DRESSER & MCKEE, ENG RS. ,  BOSTON, MASS, 

ME R RIM AC RIVER STUDY, MASS.

n n t.  AUG, 2 3 ,  1963 N o  63201

Loca tion ,

BORING { 6  

GROUND 6URFACE

20*0"

HA RO PI NE 

6ANO, SOME 

GRAVEL & 

STONES

48

_  REFUSAL -  
( not  e n c o u n t e r e d )

NO WATER ENCOUNTERED

DATE & -2 0 -6 3

BORING f l  

Ground  s u r f a c e

I ’ 6"

20 * 0 "

L006E LOAMY 8ANO, 
SOME GRAVEL

HARO r i  FC 

SAND, SOME 

GRAVEL l> 

6T0NE8

42

_  REFUSAL -  
( not e n c o u n t e r e d )

NO WATER ENCOUNTERED

OATE 8 - 2 0 -6 3

.Scale 1"  =n _ 4

BORING f 8 

Gro u n d  s u r f a c e

20 '  0*

HARO TINE 

SAND, SOME 

GRAVEL A

STONES

44

, -  REFUSAL -  .( not ENCOUNTERED)

NO WATER ENCOUNTEREO

DATE 8 - 2 0 - 6 3





C A R R - D E E  T E S T  B O R I N G  A N D  C O N S T R U C T I O N  C O R P O R A T I O N
6  B E A C O N  STREET BO STO N , M A SSA C H U SETTS T .U p h o n .  L A lo y . t l .  3-1373

Tn C*»P. DRESSER A MCKEE, ENGRS., BOSTON, MASS._____________________ r>nl» AUO. 2 3 ,  1963 j 0b N o _____63201

Seals l " =  4 H.

BORING #|0

Location _ MERRIMAC RIVER STUDY, MASS.

BORING #9 BORINQ # 9 - A

GR0UN0 SURFACE

4*6"-

15'0*

| 7 '0 "

FIRM FIN E

b a n d , t r a c e

OF LOAM
16

N rm  r i  n e

b a n d , t r a c e

OF CLAY & 22

INORQANIc

61 LT

HARO F I NE SAND, 
80ME GRAVEL

36

-  REFUSAL

WATER LEVEL 14*0"
BELOW GROUND SURFACE

Gro und  s u r f a c e Gr o u n d  s u r f a c e

4 ' 6 "

14*0" 

16* O'
-  REFUSAL

WATER LEVEL | 4 '0 "
BELOW QROUNO 6URFACE

FIRM r  1 ME
FIRM LOAMY BAND 1 4

SAND, TRACE 13

or LOAM

FIRM

FI NE 26

n  RM FINE
BAND

BAND, TRACE
22

OF INORGANIC | 0 ' 0 "

S IL T HARD FI NE 
BATE), SOME 
INORGANIC 
S I L T

30

HARO FINE 6AN0, 40 l 5 ' 0 *
S O M E  G R A V E L -  REFUSAL -  

( n o t  e n c o u n t e r e d )

NO WATER ENCOUNTERED 

DATE 8—21—63

DATE 8 - 2 1 - 6 3

DATE 8 - 2 1 - 6 3 NOTE: T H IS  BORINQ MADE
7 ' 0 "  NORTH o r  BOREHOLE #©





C A R R - D E E  T E S T
6 B E A C O N  STREET

B O R I N G  A N D  C O N S T R U C T I O N  C O R P O R A T I O N
BO STO N , M A SSA C H U SETTS Tataphona LAloyatla 3-1373

To CAMP, DRESSER & MCKEE, ENG R S .,  BOSTON, MASS. U n i .  23> «g 6 3  J n h  N o  63201

Location MERRIMAC RIVER STUOY, MASS. _ScaU 1" =  _ _ h .

BORINQ f l  I BORING if12

Ground surface

3 *0 "

10*0"

14*6"
-  REFUSAL -

WATER LEVEL 6 ' 6 "  
BELOW GROUND SURFACE

DATE 8 - 2 1 -6 3

F IR M  FI NE SAND,
l i t t l e : g r a v e l ,
TRACE OF LOAM

22

FIRM  FI NE
BAND &
INORGANIC
B IL T

26

HARD INORGANIC

B IL T  i  SOME 50

F IN E  SAND

Ground surface

LOOSE LOAMY SAND 7

F IRM  F I NE SAP© , 
80ME INORGANIC 
S IL T ,  TRACE OF 
GRAVEL

18

riRM r u e

SAND, TRACE
28

OF INORGANIC

s i l t

-  REFUSAL -

WATER LEVEL 7*0" 

BELOW GROUND SURFACE

DATE 8 -1 9 —63

UNLESS OTHERWISE S PEC ,TIED, WATER LEVELS NOTED. WERE OBSERVED A T COMPLETION OF .O R ,N O , AND DO N O T NECESSARILY U P R E «N T  REUAANENT 

GROUND WATER LEVELS. FIGURES IN RIGHT HAND COLUMN INDICATE NUMBER OF BLOWS REQUIRED TO  DR.VE TW C M N C H  -------------

n  INCHES USING 140 LB. WEIGHT FALLING 30 INCHES. SHEET.
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A p p e n d i x  D .

Definitions and Abbreviations.
Definitions.

'."B O D ”  (Biochemical Oxygen Dem and) o f a wastewater or polluted 
water is the quantity o f dissolved oxygen used by bacteria in the 
oxidation o f organic matter present. The B O D  is a measure o f the 
quantity of decom posable organic matter present. The standard 
analysis, referred to as the 5-day, 20° C B O D , is the determination o f 
the loss of dissolved oxygen in a sample kept at 20° C over a 5-day 
period. Other periods and temperatures m ay be used.

2. “Coliform Bacteria”  originate in the lower intestinal tract o f warm
blooded animals. The presence o f these bacteria is the best evidence 
of recent fecal pollution. The coliform  bacteria die off at about the 
same rate as pathogenic bacteria and therefore are measured as the 
indicator o f pollution that is dangerous to the public health.

3, “Combined Sewer”  shall mean a sewer receiving both sewage and 
surface runoff from  rainfall.

1. “Dry Weather F low ”  shall mean a flow of wastewater equal to the 
sum of the flows of sanitary sewage, industrial wastewater and in
filtration in the sewerage system.

5. “ Grease”  shall mean materials, such as grease, oil or soap which are 
extracted from an acidified sample o f sewage by petroleum  ether 
(boiling point o f 35° to 54° C) in accordance with “ Standard M ethods 
for the Examination of W ater and W astew ater” , eleventh edition.

(i. “ Industrial W astes”  shall mean the wastewaters from  industrial proc
esses, as distinct from sanitary sewage.

1. “ Infiltration”  shall mean the ground water which enters sewerage 
works through cracks and holes in the sewerage works, due to the lack 
of complete watertightness in the structures.

8. "M P N ”  shall mean the “ M ost Probable N um ber”  of coliform  bac
teria present in a given volume of a liquid sample, as measured by  the 
techniques given in “ Standard M ethods for the Exam ination o f W ater 
and Wastewater, Eleventh Edition, 1960” . The M P N  results given in 
this report for the 1962 and 1963 river sampling programs were attained
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