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SUMMARY 

In 1966 Massachusetts established the Division of Water Pollution Control to improve 

the condition of the waters of the Commonwealth. The Division gave the Charles River 

high priority. The river was classified in April 1967 after a public hearing. An extensive 

stream survey was conducted that summer and the sources of pollution were determined. 

Four towns and seven industries were ordered to construct waste treatment facilities. 

An analysis of the conditions expected by 1980 and 2000 indicated that treatment 

plants giving high degrees of removal of organic materials and nutrients would be required. 

In some cases the treatment efficiency of these plants must be above 95%. With the imple

mentation schedule established by the Division of Water Pollution Control it was estimated 

that the upper river will be improved to the prescribed level by 1974 and that the largest 

part of the pollution will be eliminated by 1972. 

Pollution in the reaches between the Mother Brook diversion in Dedham and the Water

town Dam was of a sporadic nature such as town dumps, oil spills, occasional overflows 

from pumping stations or defective sewers. It can be eliminated by a permanent surveillance 

of the river coupled with quick legal action on the polluters. 

For the lower basin it appeared that the river would reach C quality within the next 2 to 

5 years with the completion of the overflow facility at the Boston University Bridge and the 

new dam at Warren Avenue, at a cost of about $33 million. To obtain B quality would 

require additional expenditures of $50 to $500 million depending on the methods used. 

It was recommended that, if B quality is desi1ed, a river management system be studied to 

achieve rapid improvements in the water quality at much lower costs than the proposed 
deep tunnel system. 
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I. INTRODUCTION 

A. Massachusetts Water Pollution Control Program 

As early as 1884 the Massachusetts General Court recognized that governmental control 
was needed to safeguard the waters of the Commonwealth, thus it established a State Board 
of Health to advise on public health problems related to water. The control of water pollution 
was strengthened in 1945 when the Massachusetts Department. of Public Health was estab
lished and authorized to adopt water pollution regulations. Finally, ·,n 1966 the General 
Court passed the Massachusetts Clean Waters Act which established a Division of Water 
Pollution Control under the Water Resources Commission. The Division was given compre
hensive responsibilities, including the establishment of Water Quality Standards and classi
fication of all waters of the Commonwealth_ 

The water pollution control program in the Commonwealth receives strong financial 
support from the Federal Water Pollution Control Act of 1956. The act provided for financial 
aid by the Federal Government to communities constructing pollution abatement facilities. 
The 1966 amendments liberalized the grants program so that the Fedenil share of the cost 
of a pollution abatement facility could reach 50 percent if the State agreed to pay not less 
than 25 percent and had established enforceable water quality standards. An additional 5% 
is granted if the area is part of a regional planning agency. 

1. Water Quality Standards 

After pub I ic hearings in 1967 the Commonwealth estab I ished water qua I ity standards 
for all its streams and coastal waters. The standards include three essential parts. They reflect 
the desired uses for each stretch of water, they establish critical limits for the various pollu
tants to be allowed in the waters so that the desired uses may be realized, and thirdly, the 
standards include a plan for implementation and enforcement. 

2. Classification of the Charles River 

On April 14, 1967 a public hearing was held relative to the classifications to be applied 
to the Charles River and coastal waters of Massachusetts. Over 300 people attended the 
meeting in Gardner Auditorium of the State House in Boston. The Director of the Division 
of Water Po 11 ution Control presented the proposed classification for the Charles River, in
cluding the recent upgrading of the river to a B classification from Bridge Street in Dover to 
the Watertown Dam. 

Several spokesmen for the Legislative and Executive branches of the Commonwealth 
indicated their support of the proposed classification, especially the B quality in the reach 
above Watertown Dam_ Others expressed a desire that the Lower Basin also be raised from C 
to B classification. Representatives of conservation groups and the League of Women Voters 
urged a B classification for the entire river_ Petitions and letters received were unanimously 
in favor of raising the entire river to a B classification. At least 250 letters, 12 telegrams and 
several petitions asked that the entire river be classified B. 

The final classifications formally adopted by the Division and accepted by the Federal 
Government include a B classification for the entire river except for the Lower Basin and the 
upper reach from Milford to Medfield (Figure 1 and Table 1). The exceptions were included 
because no technologically feasible means were available to raise the waters to a B classifica
tion in those reaches. When such means become available the possibility of raising the class
ification will be reconsidered. -



3. Organization of the Division of Water Pollution Control 

The Division has four regional offices: in Boston, at the University of Massachusetts, 
at Merrimack College and in Pembroke. Their function is to handle local problems and 
afford quick communications with cities, towns, and industries. The Division's central office 

in Boston consists of an administrative staff, a legal council and seven sections to administer 

the broad functions of the program. 

E_n_forcement - The Division has developed an implementation plan which established 
dates by which each polluter must accomplish the several steps of an abatement program. 
The Enforcement Section is responsible for maintaining the implementation schedules of 
some 550 known municipal and industrial polluters by cooperative action or through legal 
enforcement measures, if necessary. 

Construction Grants - One of the greatest needs in the State Water Pollution Control 
Program is to provide adequate financial assistance to the municipalities for the constructi"on 
of pollution abatement facilities. Legislation enacted concurrently with the Massachusetts 
Clean Waters Act included a $150 million bond issue for this purpose. An additional bond 
issue was passed in 1970 raising the total for construction grants to $400 million. The Con
struction Grants Section reviews engineering reports, final plans and specifications and makes 
grants to municipalities for developing a plan for abatement of water pollution and for 
financing a portion of the construction. 

Water Quality - Massachusetts is blessed with abundant water resources including 5,600 
miles of streams, 2,000 miles of coastline, and 1,215 ponds of ten or more acres. The Water 

Quality Section has the responsibility for surveying, analyzing and reporting on the condition 

of all the Commonwealth's natural waters. The Section develops basin plans in order to 

effectively control water pollution, and reviews Regional Plans for their impact on Water 

Quality. Several extensive river surveys have been conducted to obtain sufficient data for 

mathematical models of the rivers. The models simulate dissolved oxygen levels along the 
entire length of the stream, and are used to determine the necessary degree of treatment for 
municipalities and industries. 

Industrial Wastes - To date over 400 industries have been found that are discharging to 

the waters of the Commonwealth. The large number as well as the diversity of wastewater 

discharges requires critical review of engineering reports. In reviewing proposed designs, 

engineers of the Industrial Waste Section meet with the industries and their consulting 

engineers to insure installation of the most effective pollution abatement facilities. This 
Section assists in conducting investigations of industries during river basin surveys and also 
directs the pilot plant studies for treating industrial wastes. 

Oil Pollution Increased concern with the detrimental effect of oil pollution on our 

marine resources and recreation led to the passage of the Oil Pollution Control Act of 1968. 
The Oil Pollution Section of this Division is responsible for investigating and cleaning-up 
oil spills and for licensing marine oil terminals and waste oil collectors. The Section also has 

a continuing program of research to develop and evaluate new methods for oil pollution 
abatement. 
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ANTICIPATED 
BOUNDRY PRESENT USE FUTURE USE CLASSI FICATION 

T he Char les River from Water Suppl y Water Supply A 
its source to Dill a Street , 
Milford 

T he Charles River fr om Bath ing Same B 
Dil la Street , Milford Fish & Wi ldli fe Propagat ion 
To Main Street, Milford Fishing 

The Char les River from Recreational Boating Same C 
Main Street, Milford to Fish & Wildli fe Propagation 
Br idge Street, Dover Fishing 

Assim ilatio n 

T he Charles River from Recreatio nal Boatin g Same & Bathing B 
Br idge Street, Dover to Fish & Wildl ife Propagat ion 
vVatertow n Dam, Watertow n Fishing 

Assimilat ion 

Th e Charles River from Recreat ional Boating Same C 
Watertown Dam, Watert ow n Fish & Wild l ife Propagat ion 
to t he Charles River Basin Fishing 
Dam in Boston Assimi lati on 

Medfie ld-Farm Pond Water Supply Wat er Supply A 
Sherbon 

All other streams in the ---- ---- --- - - -- - B 
Char les River Watershed 
unless denoted above 

Table 1. Classificat ion Boundries on Charles River 



Operation and Maintenance - Supervision of th e exist ing waste water treatment facilities 
is an essential feature of the water pollution control program (Figure 2). The Operation and 
Maintenance Section, through plant inspections and the review of monthly operating records, 
endeavors to insure that plant efficiency does not suffer as a result of inadequate funds, poor 
operation, or general neglect. The Section works toward developing an awareness on the part 
of those operating treatment facilities of the importance of maintaining adequate treatment 
in order to enhance water quality. The certification of operators of waste water treatment 
plants has been made mandatory to improve the qua I ity of operation. 

Research and Training - The Massachusetts Clean Waters Act authorized $10 million 
over a ten year period from the $150 million bond fund for a Research and Demonstration 
Program. The overall program is intended to provide direction in developing more efficient 
wastewater treatment systems. Most studies are conducted by consu !ting engineering firms 
or research institutions. Training activities refer primarily to the training of wastewater 
treatment operators but also include in-service training of Division Personnel. 

8. Measures of Water Pollution 

The following discussion should assist in interpreting the data on pollution in this report . 
Pol lution degrades the physical quality of water and creates an ecological imbalance in the 
normal ratio of aquatic plants and animals. If the pollution is severe enough, the waterbody 
becomes malodorous and unsightly and its uses are sharply I imited. In addition there is the 
ever-present danger of water-borne diseases. These intangible characteristics are difficult to 
measure, thus certain physical, chemical and biological parameters have been established in 
order to quantify the level of pollution. These parameters include: oxygen, biochemical 
oxygen demand (BOD), suspended solids and coliform bacteria of fecal origin. Phosphates 
and nitrates may also indicate pollution since they stimulate excessive plant growth. The 
presence of toxic materials such as cyanide, copper and mercury is another measure of 
pollution since these chemicals are lethal at low concentrations to fish and other organisms. 

The level or organic wastes is measured in terms of the rate of oxygen depletion. Certain 
bacteria are capable of decomposing the organic matter contained in sewage, but the bacteria 
(aerobic) require oxygen to function. As they decompose the organic matter, they remove 
dissolved oxygen from the water. The BOD of a waste therefore refers to the amount of 
oxygen required to stabilize the organic matter in that waste. The BOD of a waste is gradually 
exerted and generally consists of two stages: a first stage in which it is largely the carbon 
aceous matter that is oxidized and a second stage in which nitrogenous substances are stabil
ized . Most of the carbonaceous BOD is exerted within five days so the carbonaceous BOD is 
measured by the 5-day B iochernical Oxygen Deman~ test. 

Some of the organic material in a wastewater cannot be decomposed by microorganisms, 
but it can be broken down by chemical oxidation. The Chemical Oxygen Demand (COD) 
refers to the amount of oxygen required to chemically oxidize the organic matter in a waste
water. The COD will be higher than the BOD and is a particularly important measure in 
analyzing an industrial waste which may contain a large amount of non-biodegradable 
material. 
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Figure 2. Existing Sewage Treatment Plants on Upper Charles River 
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Phosphorus appears in waterbodies in combined forms know as ortho, complex and 
organic phosphorus. The major sources of phosphorus are from domestic sewage (60% from 
detergents), industrial wastes, and agricultural runoff where fertilizers are used. Phosphates 
are essential for plant growth and, provided other essential nutrients are present, excessive 
amounts of phosphates will result in nuisance growths of algae and aquatic plants. 

Algal blooms often develop in lakes when the average concentration on inorganic phos
phate as P exceeds 0.01 mg/1. The Division of Water Pollution Control has established a 
maximum allowable total phosphate concentration of 0.05 mg/1 as P in class Band C rivers. 

Domestic sewage and many industrial wastewaters contain varying amounts of nitrogen 
compounds. Nitrogen is in the form of organic nitrogen before any decomposition of the 
wastes occurs. The organic nitrogen is then converted successively by microorganisms to 
ammonia nitrogen, nitrite nitrogen, and nitrate nitrogen. Sinch each decomposition reaction 
is dependent on the preceeding one, the progress of decomposition of a nitrogenous waste 
can be determined in terms of the relative amounts of the four compounds. 

Ammonia nitrogfil} results from the decomposition of organic nitrogen. It can also be 
formed when nitrites and nitrates are reduced. Ammonia nitrogen is toxic to fish and has a 
high chlorine and oxygen demand. The Division has set allowable concentrations of 0.5 mg/1 
in class B waters and 1.0 mg/1 in class C waters. 

Nitrite Qitrogen is the oxidation product of ammonia. It has a fairly low oxygen demand 
and is rapidly converted to nitrate. The presence of nitrite generally indicates that active 
decomposition is occurring. 

Nitrate nitrogen is important since it is the end product of the decomposition of nitro
genous matter. Nitrate is the principal form of nitrogen which is readily available to plants. 
If phosphorus and other essential elements are present, excessive amounts of nitrate may 
result in severe algal growth. 

Coliforms are a group of non-pathogenic bacteria found in the intestinal tract of warm 
blooded animals. This group can be detected in water by relatively simple procedures. The 
presence of coliforms in water offers significant evidence of the potential presence of path
ogens such as typhoid bacilli. The rate of destruction or removal of coliforms from water 
and sewage is substantially parallel to that of the pathogenic bacteria, therefore coliforms 
are used as indicators of the possible presence of contaminating organisms. 

The two members of the coliform group found in water are the so-called fecal coli 
(which make up 90% of the coliforms discharged in fecal matter) and the non-fecal coli 
(which usually originate in soil, grain and decaying vegetation). 
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Although natural waters can vary widely in composition, the following data indicate 

the range and substance in headwaters of rivers in Massachusetts. These figures may serve 

as a reference to evaluate the levels of pollution reported from the enclosed study. 

Housatonic Charles Ten-Mile 
Parameter River River River 

BOD in mg/1 1.4 0.5 2 

Dissolved Oxygen in mg/1 5 10 4-8 5-9 

Suspended Solids in mg/1 3 7 

Total Coliform per 100 m1 290 430 215 

Ammonia as Nitrogen in mg/1 0.09 0.01 0.04 

Nitrite as Nitrogen in mg/1 0.000 0.000 0.006 

Nitrate as Nitrogen in mg/1 0.0 0.0 0.5 

Total Phosphates in mg/1 as P 0.13 0.03 0.10 

II. LITERATURE REVIEW 

The purpose of this report was to assess the water quality of the upper Charles River in 
eastern Massachusetts, to compare the present river conditions with the classification assigned 
in 1967, and to explore alternate solutions to the major pollution problems on the river. 
This report on the Charles River was preceded by Part A, "Data Record on Water Quality," 
(9) and Part B, "List of Wastewater Discharges" ( 10) both of which are available from th is 

Division upon request. 

The Charles River has long been the subject of investigation with increased numbers of 

studies during the 1960's. An investigation in 1894 on the sanitary condition of the lower 
Charles resulted in construction of the present dam in 1910 to eliminate unsightly tidal 

flats in the Back Bay and to develop the lower basin for recreation (15). 

A comparison of the river conditions observed in 1938 with predictions for the Charles 
River Basin made in 1901 showed that all of the expectations had been met, except that the 

overflow of sewage into the basin made it unsafe at times for bathing (15). Its use for bathing 

far exceeded the engineer's original expectations, and so did the amount of sewage overflow. 
This publication reviewed the special studies sponsored by the Massachusetts Legislature on 
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pollution in the Charles River in 1893, 1894, 1903, 1920, 1928, 1932 and 1937. Mention 
should also be made of the 1939 study which followed this report. This made a total of nine 
comprehensive studies on the Charles River sponsored by the Legislature. 

A study of the river in the Spring of 1949 showed that it was polluted largely by a 
combined flow of stormwater and domestic sewage (7). The wastes from industrial plants 
did not appear to be of sufficient quantity to affect the condition of the river although some 
did discharge intermittently in strong quantities from Muddy Brook and Mine Brook. Coli -
form levels at the five beaches below Watertown were unacceptable for swimming. 

A newspaper reporter's review of the 1964 policies of the M.D.C., Department of Public 
Health and Department of Natural Resources concluded that these agencies saw the Charles 
River in the metropolitan area as a channel for sanitary and storm sewage to reach the harbor 
(1). The review concluded that recreational aspects of the river have been given minor 
places in the planning process. It was pointed out that parklands along the river have been 
severely neglected by the M.D.C. to the point that most of them are repulsive rather than 
inviting. The review presented a ten-point plan to develop storage on the upper Charles for 
recreation, pollution abatement and flood control, and also to develop park lands and river
banks along the Charles as recreation sites for the average family in the metropolitan area 
(Figure 3). 

Figure 3. Boat House at Riverside c. 1900 
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A review by the Metropolitan Area Planning Council on the recreational aspects of the 
Charles River concluded that it is of major importance for residents of metropolitan Boston 
and its unique contribution to the urban environment should be preserved (11). It was pro
posed that the Massachusetts Department of Natural Resources and the Metropolitan Dis
trict Commission should begin a planned acquisition of the river banks, that B classification 
should be established by the Commonwealth for the entire river and that up to $30 million 
should be expended before 1970 to accomplish this. 

After analysis of the pollution problem in the Lower Basin the Metropolitan District 
Commission concluded that the basin could be maintained at C classification, adequate 
for boating, but the additional cost of achieving B status to permit bathing, was too high 
(13). The Metropolitan District Commission is constructing a chlorination and detention 
station for treating the overflows from M.D.C. sewers overflowing above the Boston Uni -
versity Bridge, which are a source of pollution in the Lower Basin. If the station discharges into 
the river near Boston University (Plan A) the amount of fecal contamination in the river will 
be too high to allow swimming. Plan B involved a discharge below the Charles River Dam 
which would eliminate this source of pollution within the basin except during a storm of 
five-year frequency. The estimated 1967 cost for Plan B was $12 million compared to $8 
million for Plan A. The station is near completion and will discharge into the river near 
B.U., following Plan A. 

A study by the Corps of Engineers was initiated in 1967 to define in detail the best uses 
of the water resources through 1980 and give an outline of the potentials through 2020 (2). 
Components of this study have been published intermittently with the final report scheduled 
for publication in July 1970. The published reports cover hydraulics and hydrology, social 
and economic data, recreation inventories, water resources, flood control and navigation, 
summaries of meetings of the coordinating committee and status reports. Most of these 
reports are inventories and data summaries, although the report on flood control proposes a 
larger dam with a pumping station, to be constructed downstream of the existing Charles 
River Dam. The pumping station would increase flow through the Lower Basin during high 
tides and thus lower flood damages. The proposed pumping system and locks would increase 
control over saline intrusions into the basin, improving vertical circulation and water quality 
in the lower reaches. 

The League of Women Voters has published a summary of important historical and 
social aspects of the river with considerable emphasis on itt recreational value for the metro
politan area (8). The League was in favor of a B classification for the entire river, except 
where A standards have already been prescribed. An extensive bibliography is included 
covering nine books and over fifty reports. 

A water quality survey was conducted in the summer of 1967 by the Federal Water 
Pollution Control Administration in conjunction with the Massachusetts Division of Water 
Pollution Control. These reports define the current condition of the river in fairly complete 
terms (5, 9, and 10). By almost every standard the river is polluted from beginning to end, 
and it contributes significant pollution to Boston Harbor. 

The F.W.P.C.A. analyzed the cost of low-flow augmentation for the upper Charles 
River (6). Construction of storage reservoirs on the upper Charles would result in savings on 
sewage treatment of $30,000 to $50,000 a year for the towns above Sherborn, There would 
be many recreational benefits as well including swimming, boating, fishing, and flood control 
for the middle reaches of the Charles River. 
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Future water supply needs for the Charles River Basin will require further development 
of the river and importation of water from the Connecticut or Merrimack River Basins 
through the M.D.C. system at considerable expense (3). Thus the use of treated sewage for 
recharging the groundwater supply will be increasingly attractive as a means of augmenting 
the reserve for water supply . 

111. DESCRIPTION OF RIVER BASIN 

A. The Upper Valley 

The source of the Charles River is in Hopkinton 25 miles southeast of Boston . It runs 
south through Milford and Bellingham, turns northeast to cross Franklin and Medway, runs 
along the borders of Norfolk and Millis, and meanders through Sherborn, Dover, Natick, 
Wellesley, Needham, Westwood, Dedham, Newton, Weston and Waltham. It then trave ls 
eastward through Watertown, Cambridge and Boston. The river is some 80-miles long. 

In terms of hydrology and pollution, the river can be divided into three portions, 
beginning with the upper valley characterized by a high gradient and carrying small but 
concentrated loads of pollution from a number of small towns. This upper portion begins 
at the headwaters in Hopkinton and flows northeasterly to Medfield. The middle reach of 
the river begins after Medfield where the river gradient flattens out. There is little additiona l 
poll ution added as the river passes through relatively undeveloped areas to Wellesley. From 
Wei lesley to Watertown Dam the river has a steeper gradient (Figure 1). The third and f i na I 
portion, known locally as the Charles River Basin, is entirely backwater from the Charles 
River Dam, with virtually no velocities and a large amount of salinity from Boston Harbor. 
In this reach almost all the organic pollution comes from overflows of the M.D .C. and Boston 
combined sewer system. 

The Charles River watershed contains some 33 lakes and ponds and numerous tributaries. 
The river has one of the flattest gradients of any stream in Massachusetts with a total drop 
from the origin of the river to the harbor of about 400 feet in 80 miles. The minimum f low 
(seven days, ten years' frequency) at Charles River Village was 10.8 cfs. The lowest f low 
of record occurred on October 24, 1952 with 0 .5 cfs and the maximum flow on October 23, 
1955 of 3220 cfs. The average daily discharge up to 1965 was 294 cfs. Above the Watertown 
Dam, the drainage area is 245 square miles excluding 23.6 square miles drained by Stony 
Brook for the Cambridge water supply . About one-third of the flow in the Charles River 
is diverted to the Neponset River through Mother Brook in Dedham. 

B. Description of the Lower Basin 

The Lower Char les River Basin was created in 1910 with the completion of the Charles 
River Dam at Leverett Circle. Although this project was considered as early as 1859, it was 
not until 1905 that construction got underway. The dam presently defines the downstream 
boundary of the basin which begins 8½ miles upstream at Watertown Dam. The present 
populat ion around the Lower Basin is about 600,000 or 70 percent of the entire watershed 
popu lation . Prior to 1910 the river was tidal exposing unsight ly and malodorous marshes 
on low tide. The dam was constructed to eliminate the tidal fluctuations and sewage odors 
and establish attractive areas for recreational purposes. 
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The basin is 8.6 miles long and varies in width from 150 feet at the upper end to a 
maximum of 2,300 feet in the lower section. It is from 3 to 30 feet deep. At normal level 
the basin holds 3,349 million gallons in 696 acres ( 15). The Charles River Dam was designed 
to maintain a level of 2.38 feet above mean sea level or 2.52 feet mean high tide in Boston 

Harbor. 

In 1928, a special commission investigated "means and methods of making the Charles 
River Basin more safe, suitable and attractive for recreation and civic welfare purposes." 
The report of the commission printed as House Document No. 1050 of 1929 stated: 

"The aim of the Commission has been to make of 
the Charles River Basin the most beautiful and 
useful water park in America." 

The commission's recommendations were given to the Metropolitan District Commission 
and following plans by Olmsted the Landscape Architect, resulted in widening of playgrounds 
and parks by filling along the south banks of the basin. The basin has been subject to 
intensive recreatio na I use for many years. 

Primarily in response to the extensive flood damages along the Charles River since 1955, 
the Corps of Engineers was authorized by Congress in 1965 to study the Charles River 
Basin and tributaries to determine the advisability of improvements not only to flood 
control but water supply, recreation, water quality, navigation and other purposes related 
to land resources. Although the study is not completed, one of the Corps' interim reports 
concludes that because of the growth in metropolitan Boston and changes in runoff patterns, 
the rapidity of stormwater flow to the Charles River is such that the present dam is no 
longer adequate. Ninety percent of the water contributing to peak flood was found to 
originate in the area tributary to the lower twelve miles of the Charles River. 

1. Tributary Streams to the Charles River Basin 

Muddy River. The Muddy River is a small tributary stream of the Charles River Basin. 
It begins in Jamaica Pond south of Boston and travels north through a series of ponds, 
conduits and attractively landscaped parks for about two miles before it enters the Back 
Bay Fens at Park Drive. A conduit carries the dry weather flow some 0.8 miles to the 
Charles River Basin (Figure 4). 

Back Bay Fens. The Back Bay Fens flows 1.6 miles through the Back Bay to the Basin. 
It is a series of conduits and open channels with landscaped banks and receives storm over
flows from the Stony Brook Conduit (Figure 5). 

Stony Brook Conduit . This conduit follows the course of the old Stony Brook for 
7.8 miles and discharges storm water overflows into the Back Bay Fens. Dry weather flow 
goes into the Boston Marginal Conduit which runs along the south bank of the basin to the 
Charles River Dam. 
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2. Combined Sewer Overflows 

The major sources of pollution in the Charles River Basin are the combined sewer 
overflows. These are mixtures of sewage and stormwater that are released to the basin 

whenever flows exceed the capacities of the sewers. 

Combined sewers in Boston evolved from storm sewers following a pattern repeated 
in old cities throughout the country. As communities became concerned about flooding, 
first storm ditches and then storm sewers were constructed to carry the water to the nearest 
stream. When public water became available it was used as a carrier for domestic wastes and 
the existing storm sewers quite conveniently became combined sewers. This was the situation 
in Boston during the middle 1800's. 

Sewers were extended to remote ocean outfal Is or treatment plants when the receiving 
waters became polluted. Overflows along the system had by then become a necessary evil 
since it was impractical to construct sewers large enough to carry all of the combined storm 
flow. 

The more recently developed areas in metropolitan Boston are served by separate 
sanitary and storm sewers. These systems, however, in many cases discharge into the combined 
system which carries the total flow to either the Nut Island or Deer Island Sewage Treatment 
Plant. Both of these plants are located in Boston Harbor (Figure 6). 

The capacities of many of the sewers in metropolitan Boston are such that overflows 
occur as the result of rains of very low intensities. 

Although in many areas the obvious solution to this problem is complete separation, 
an engineering study ( 17) for the City of Boston found that it was much too expensive in 
this particular case and recommended an alternate plan that would almost completely 
eliminate pollution from combined sewer overflows by taking all the flows out to Deer 
Island via deep tunnels. 

The M.D.C. Charles River Valley Sewer intercepts the flows from Waltham, Newton, 
Watertown, Brookline and Boston travelling from Waltham along the South Bank of the 
Charles River to the B.U. Bridge before it turns southeasterly toward the Ward Street 
Pumping Station, near Symphony Hall. There are sixteen overflow outlets to the Charles 
River from this sewer (Figure 6). 

The M.D .C. South Charles Relief Sewer completed in 1967 originates at the Waltham 
Newton line and parallels the Charles River Valley Sewer crossing the River into Cambridge at 
one point and returns to the south bank of the river. This sewer was designed to receive over
flows from the Charles River Valley Sewer, intercept all runoff from a five-year storm and 
carry it to B.U. Bridge. 

The Boston Stony Brook Sewer drains part of Hyde Park, West Roxbury, Dorchester, 
Roxbury, Brookline and Back Bay. Overflows from this system occur at the M.D.C. Fens 
Gate House and other outlets along the Boston Marginal Conduit as well as the Back Bay Fens. 

The Boston West Side Interceptor drains the West End and much of the Back Bay and 
connects with the Boston Marginal Conduit (Figure 7). 
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Figure 6. 

SEWERS AFFECTING CHARLES RIVER WATER QUALITY 

Waltham 

I Deer Island STP 
2 Columbus Pk, Hd. Wks. 
3 Word St. Hd. Wks. 
4 Boston Main Interceptor 

Newlon 

5 Stony Brook Volley Sewer 
6 Stony Brook Volley Interceptor 
7 Stony Brook Conduit 
8 Boston Main Drainaoe Tunnel 
9 Interceptor 

10 West Side Interceptor 
11 MDC Morginal Conduit 
12 Charlestown Branch Sewer 
13 Combridge Bronch Sewer 
14 Charlestown Pumping Station 
15 South Charles Relief Sewer 
16 Charles River Volley Sewer 
17 Brookline Sewer 
18 Muddy River Conduit 
19 Back Boy Fens 
20 MDC Chlorinaled Overflow 

Belmont 

,/1 &erett \ Revere , ' , . . 
,..... 

II..._,, __ , \. 

/ ...... \ 
/ 

( \"' 
' " 'l Somerville 

(J \ 
\ Cambridge '"'c 

' 

I • 
I I 

I Irr ) 
I I 

- .. ✓ I 
J 

,,..$ , , 
I 

0 

- I ' 
/1 P , t 

, i I I I 
I 1, L----1-- ... 

// 4 I ...._~ 

7 // 5 It 'To Moon II. 

2 

MILES 

Deer Is. 

LEGEND 

-
MDC SEWER 
CITY OR TOWN SEWER 
CITY OR TOWN STORM DRAIN 
FLOW DIRECTION 



The M.D.C . Boston Marginal Conduit extends along the south bank of the Charles River 
from the lower end of the Stony Brook system at the Back Bay Fens to the Chari es River 
Dam at Leverett Circle. It was built in 1910 shortly after the construction of the Charles 
River Dam and discharges directly into the basin through six overflows or downstream of 
the Charles River Dam depending on the flow within the conduit and the tide . 

The Brookline Sewer empties into the South Charles Relief Sewer and the Charles River 
Valley Sewer. One overflow discharges into the Charles River Basin and other overflows 
empty into Muddy River . 

The M.D.C. Cambridge branch sewer runs from the Cambridge -Belmont line along the 
north bank of the Charles River to B.U. Bridge and across the river to the Ward Street 
pumping station. Another section of the sewer extends from B.U. Bridge to Main Street, 
Cambridge. There are seventeen overflows into the Charles River Basin from this system. 

3. Water Quality in the Charles River Basin 

The Charles River Basin is classified C, suitable for recreational boating, wildlife and 
fish habitat and certain industrial cooling . Good esthetic value is another requisite. 

Analyses of samples co llected in the basin show that many parameters violate the limits 
for a class C water . 

The characteristics related to esthetics perhaps are the most objectionable. Sludge de
posits in the basin have on occasion given rise to offensive hydrogen sulfide odors. Oil and 
sewage solids have been sighted on the water surface and turbidity caused by algae and 
suspended matter contribute to the total unappealing picture. 

The undesirab le conditions in the basin have been and continue to be caused bv the 
material carried downstream, the combined sewer overflows within the basin and the 
salt water intrusions . 

Bacterial Quality . Analyses of the water in the basin both above and below B.U . Bridge 
have shown coliform counts which at times exceeded 100,000 per 100 m1. Salmonella 
bacteria , agents of typhoid fever have been isolated in samples collected at Longfellow 
Bridge (5). Although the Water Quality Standards places no limit on the coliform numbers 
for class C waters, the close association of the high coliform counts with the combined 
sewer overflows has nevertheless disturbed those who use the basin for recreation. 

Many of the sources of coliform bacteria upstream of Watertown Dam can be controlled 
by chlorination. Downstream of Watertown Dam an attempt will be made by the M.D.C. at 
the B.U. Bridge Storm Detention and Chlorination Station to reduce bacterial contamination 
attributable to the stormwater and sewage overflows above B.U. Bridge. This facility will be 
operational by summer of 1971 and will be described more fully below . 

The separation of stormwater from combined sewers in Cambridge under a five-year 
construction program should reduce sewage pollution from the north bank of the basin. 

The Boston Marginal Conduit on the south bank of the basin must release its storm 
water and sewage overflows into the basin during high tide. A new M.D.C. pumping station 
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to be built at the same time as the proposed dam at Warren Avenue will permit discharge 
from the Boston Marginal Conduit into tidal water at high tide. This will reduce the frequency 
of overflows to the basin. 

Dissolved Oxygen. Dissolved oxygen data in the basin vary from values showing complete 
depletion to those approaching saturation depending on where the samples were collected. 
Samples collected near the surface tended to be high in dissolved oxygen due to photosyn
thesis of algae. Depth samples in the basin were low in dissolved oxygen reflecting decompo
sition of organic matter and poor vertical mixing. In many cases the values were below the 
3.0 mg/1 minimum for a class C water. 

Algae: The Charles River Basin has many of the characteristics of a large pond. The 
large storage capacity and low flow during the summer simulate many eutrophic ponds in 
Massachusetts, except for the salt water stratification. 

Algae have been found in large numbers in the basin and nutrients are present in super
abundant quantities. Algae die, sink to the bottom, release nutrients and the cycle is repeated. 
With the large concentrations of nitrogen and phosphorus spilling over the Watertown Dam 
and being discharged into the basin from combined sewer overflows, the algae situation is 
not expected to change significantly in the next few years. 

None of the data on dissolved oxygen show night-time values. Since respiration occurs 
in algae around the clock, it is reasonable to expect much lower dissolved oxygen concen
trations in areas with high algae counts when there is no photosynthesis. 

Salinity and Bottom Deposits. The intrusion of salt water into the basin has occurred 
since the construction of the Charles River Dam in 1910. Salt water enters through the 
locks when they are in use, through the corroded lock gates and through the sluice gates. Salt 
water is also allowed into the basin to maintain the desired level during dry spells. 

The salt concentration as might be expected is higher near the dam than upstream. It 
is high during dry spells and low when the river is high. Most important, however, is 
the variation or chloride content with depth. The denser salt water is found in the lower 
depth and results in stratification at times throughout the entire basin. In 1957, after a pro
longed dry spell chloride values at North Beacon Street some seven miles above the Charles 
River Dam were 3,050 mg/1 at one foot depth and 10,200 mg/1 at eight foot depth. Near. 
the dam chlorides were 6,950 mg/1 at one foot depth and 14,100 mg/1 at 15 foot depth. 
Salt water stratification has prevented vertical mixing and the decomposition of the organic 
material within the deeper zones has in many cases resulted in a complete depletion of 
oxygen. 

Bottom muds in the Lower Basin have been found to be devoid of benthic animals and 
were described as "black oozy muds that emitted foul odors." This condition reflects the 
long-term effects of pollution and precludes any hope of recovery until the basin is destra
tified. 

The proposed new dam at Warren Avenue will reduce salt water intrusion and minimize 
stratification. This will be accomplished by operating the new locks more efficiently and 
by making it unnecessary to lower the basin level in anticipation of flooding, a practice 
which presently is followed by leveling of the basin with salt water if the storm does not 
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materialize. Pumps in the new dam will be able to maintain the desired level in the basin 
during a storm, thus the pre-storm lowering of the basin will be discontinued. 

4. Storm Detention and Chlorination Facility at Boston University Bridge 

This facility is expected to be completed and operating by the Spring of 1971. Its 
purpose is to provide some treatment for the combined storm flows which cannot be carried 
to Deer Island and which overflow into the Charles River Basin. The facility will have a 
capacity of 1. 1 million gallons and consist of six tanks with screening, skimming and chlorin
ation equipment. At the design flow of 233.1 mgd the detention time will be eight minutes. 
Storm flows will be chlorinated as they enter the tanks to provide a one mg/1 chlorine residual 
in the effluent. The skimmings, screenings and sludge will be returned to the sewer after the 
overflow ends. 

Flow to this facility will come from the South Charles Relief Sewer completed in 1967, 
the existing Brookline Sewer and the North Charles Relief Sewer presently under construc
tion. 

The South Charles Relief Sewer is designed to carry a five-year storm flow, i.e., that flow 
of storm water mixed with sewage that past records indicate would occur on an average of 
only once in five years. Flows in excess of this volume will overflow through the many out
falls above B.U. Bridge. 

The North Charles Relief Sewer is designed to carry a five-year storm flow after the 
City of Cambridge separates many of its combined sewers. It is anticipated that fifteen percent 
of all overflows to the detention facility will be held in the tanks and not discharged to the 
river. Overflows to the facility have been estimated to occur 22 times a year. Background 
data on water quality has been accumulated by the M.D.C. for many years in order to 
evaluate the effect of this installation on the river both above and below B.U. Bridge. The 
basin above B.U. Bridge will receive less overflows. Below B.U. Bridge, the overflows will be 
cleaner and contain less bacteria. The reduction in BOD, nitrogen and phosphorus however 
will be negligible, 

5. Enhancement of Water Quality in the Charles River Basin 

Projects Presently Under Construction. The B.U. Storm Detention and Chlorination 
Facility should be completed by summer of 1971. It will immediately reduce the frequency 
of overflows above the B.U. Bridge along the South Charles Relief Sewer to an average of 
once in every five years and reduce the frequency of overflows in the areas drained by the 
North Charles Relief Sewer to approximately once a year. This facility will release a cleaner 
overflow to the basin downstream of the B.U. Bridge several times a year after screening, 
skimming, settling and chlorination. The waters both above and below B.U. Bridge will be 
upgraded as a result of this project. 

Projects to be Implemented in the Near Future 

Cambridge Combined Sewer Separation. The City of Cambridge is planning a five-year 
program of separation of combined sewers. It has not yet begun. When the project is 
completed, the North Charles Relief Sewer will then operate at its design capacity and allow 
overflows on the north bank of the Charles River on an average of about once in five years. 
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Overflows on the Cambridge side of the basin occurring downstream of the B.U. Bridge will 
be similarly reduced as a result of this separation. 

Warren Avenue Dam. This will be a Corps of Engineers' project that reportedly is 
receiving high priority in Washington. Funds have been appropriated for part of its design but 
it is probably at least three years away from start of construction. The Federal share for this 
project as of July 1969 is $20,370,000, the M.D.C.'s share $8,630,000. The pumps and locks 
proposed for the new dam will reduce the amount of salt water entering the basin. 

Construction of the new multi-purpose dam was recommended by the Corps of 
Engineers after a study authorized by Congress to determine the "advisability of improve
ments in the interest of flood control, water supply, recreation, water quality control, 
navigation, total flood control, allied purposes and related land resources." 

The plan for the new dam, to be located 2,250 feet downstream of the present dam, 
was first proposed by consultants for the M.D.C. (13). The existing dam was found to be 
inadequate and it was not considered feasible to make the necessary improvements to meet 
the present and future needs. The new dam will include a pumping station with six river 
pumps, two small locks for recreational boats, one large lock for commercial craft and a fish 
ladder. The dam will be designed to support a highway viaduct between Charlestown and 
Boston. All sewage outfalls presently discharging just downstream of the present dam will be 
relocated downstream of the Warren Avenue Dam. 

The pumps in the new dam are expected to provide greater protection against flooding 
in the entire river particularly in the basin. The new locks are to be designed and operated so 
as to minimize salt water intrusion into the basin. To what degree this will be accomplished 
will determine the value of the new dam for the enhancement of water quality in the basin. 

M.D.C. Pumping Station. A new pumping station is to be constructed concurrently with 
the new dam. Its purpose will be to pump the combined storm flow from the Boston 
Marginal Conduit to tidewater downstream of the new dam. Presently the Boston Marginal 
Conduit cannot empty into tidewater during high tide. What the reduction in frequency of 
overflows to the basin will be after this pumping station becomes operational cannot be 
predicted. 

Proposed Projects 

Deep Tunnel Plan. It was recommended that combined storm flows be collected and 
discharged into five rock tunnels some 300 feet deep and 33 feet in diameter where it will 
be stored, carried to Deer Island and pumped through an ocean outfall nine miles into 
Massachusetts Bay after chlorination. The system would be designed to handle a 15-year 
frequency storm and would virtually eliminate all overflows to Boston Harbor and its 
tributaries (Figure 8). 
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The Deep Tunnel Plan would serve Boston, Brookline, Cambridge, Chelsea and Somer
ville and was estimated in 1967 to cost $430 million. Annual operating cost would be $66 
million. 

Charles River Reclamation. This proposal involves a four-phased program to upgrade 
the water in the basin to a quality suitable for body contact sports. 

The program includes: 

Phase 1. 

Phase 2. 

Phase 3. 

Phase 4. 

Construction of an in-stream water treatment plant in the vicinity of 
Watertown Dam to remove color, turbidity, nutrients, algae and bacteria 
from the water as it enters the basin. 

Dredging at Longfellow Bridge to remove the shallow barrier which 
presently serves to obstruct the flow of the heavier salt water. The 
river depth at Longfellow Bridge is 15 feet; it is 25 feet on either side. 

Modification to the present Charles River Dam by constructing a movable 
93-foot wide barrier ahead of the sluice gates to allow the withdrawal 
of the denser salt water from the basin when necessary. 

A management program for the Boston Sewerage System to flush sewers 
periodically to prevent accumulation of solids. A remote sensing and 
information system will be used to automate sudden release mechanisms 
in the sewerage system to flush solids to the M.D.C. sewage treatment 
plant. Combined sewer overflows that occur during storms will then not 
include the settled material. 

The cost of the entire project is estimated to be about 3.5 million dollars with a 0.45 
million dollar annual operating cost. It would take three years to complete ( 14). 

C. Economic Projections 

The general trend of the economy in the Charles River watershed is upward although 
textiles and other soft-goods industries are on a decline. Economic development is occurring 
primarily in non-manufacturing sectors of the economy while manufecturing employment 
is decreasing, partly due to automation (12). 

The industries which contribute to the present pollution of the upper Charles River 
are manufacturers of ceramic coatings, ceramic tiles, textiles, roofing materials, soft drinks, 
and urea formaldehyde foam. Because of improved highway facilities it is likely thet 

increased numbers of industries will locate in the upper valley. However, it is probable that 
the class of industries presently causing pollution will not increase; in fact it may decline. 
Three such industries have recently ceased operation; they are Unionville Woolen Mills of 
Franklin which closed in 1968, Tillotson Rubber Company of Needham which transferred 
to another state in 1969, and Sty Ion Corporation of Milford which ceased operation in 1970. 
The long-term decline in the amount of industrial discharge to the river has been significant, 
going from 3 MGD in 1939 to 1 MGD in 1967 (10, 16). For future estimates of industrial 

discharges, it was assumed that the 1967 flows will remain essentially constant through the 
year 2000, since the recent history has shown constant or declining trends. Industrial waste 
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discharges in the middle and lower reaches of the river connect to the M.D.C. system and will 
be considered under the subject of the Lower Basin. 

D. Population Projection 

At present, the highest population densities are in Newton and below, closest to the 
Harbor. The Wellesley, Needham, Dedham, Westwood, Natick and Dover areas show some
what smaller concentrations of inhabitants while the Hopkinton, Milford and Bellingham 
areas are occupied by even fewer people (Figure 1). A large sparsely populated area lies 
between Bellingham on the south and Natick and Dover at the north. Of the total 1965 
watershed population (848,790) 90.5 percent are located downstream of the South Natick 
Dam. The 1990 population of the entire Charles River watershed is expected to be 895,000 
( 12)_ 

Since 1955, the population in the Charles River Valley has been migrating upstream from 
the Basin toward the rim of the watershed. There is a noticeable decline in population in 
Cambridge and Boston Proper in the last decade, with increases in the suburbs and rural 
areas considerably exceeding the birth rate. Perhaps the unattractiveness of the lower part 
of the watershed caused people to seek more attractive surroundings, and modern trans
portation allows them to reside in the middle and upper watershed while maintaining jobs in 
the core city. These trends will be further strengthened by the recent completion of Inter
state Routes 95 and 495; thus estimates of population by the M.A.P.C. may be conservative, 
judging by the history of towns along Route 128. 

The most important population changes with respect to water pollution will be the 
anticipated increases in population in the upper valley and the subsequent increases in the 
number of persons served by domestic sewage treatment plants which discharge to the Charles 
River. 

The projected population for the upper valley by the year 2000 is about 200,000 with 
a possible range from 187,000 to 270,000 (Figure 9). The population projections used in 
this report were derived from a simply analysis of the 1950 to 1965 migration trends and 
natural increase rates for Milford, Holliston, Medway, Bellingham, Franklin, Sherborn, Millis, 
Norfolk, Wrentham and Medfield. The resulting projections were compared with those of the 
M.A.P.C. and the F.W.P.C.A. The comparison indicated large uncertainties in population 
trends, suggesting a need for high and low projections to indicate the possible range. 

The higher projected populations used in this report were based on the assumption 
that the yearly number of immigrants into the upper valley would continue at its 1960-65 
rate (3600 per year) until 1975. At this time, the population would be 124,000. Thereafter, 
the net rate of increase was assumed to be about 35 per 1000 per year, approximately the 
rate projected by the M.A.P.C. (Figure 9). This yields a population in 2000 of 270,000 
compared to an extrapolated M.A.P.C. figure of about 240,000. The M.A.P.C. figure is 
lower because they underestimated the number of immigrants from 1960 to 1970. Their 
projection for 1965 was 78,000 whereas the actual State Census was 85,000. 

The F.W.P.C.A. used a year 2000 population of 219,000, even lower than the M.A.P.C. 
figures(Figure 9). The F.W.P.C.A. used a population projection which assumed low immigra
tion rates. It seems doubtful that this is an accurate projection since recent figures show the 
upper valley to have the highest immigration rates in Massachusetts. 
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The factor which will determine whether the population will follow the low or the 
high estimates is the rapidity of changes in zoning in these small towns to allow apartments 
and high-rise buildings. It is important to note that the zoning changes will depend on whether 
the sewage treatment facilities are available to handle larger populations. Thus there is a 
feedback between construction of sewage treatment plants and population growth. Conse
quently it should be realized that accelerated construction of sewage treatment plants will 

cause accelerated population growth, giving support to the use of the higher population 
projections. In fact, they should be used with the realization that they too are probably un
derestimates. 

IV. PRESENT CONDITIOI~ OF THE RIVER 

During the survey of July and August 1967 the upper portion of the Charles River 
was low in oxygen at three points (Milford, Millis, and Dover) (Figure 10) and was also 
contaminated by metals immediately below Milford. The entire river below Milford con

tained high amounts of fertilizing chemicals such as phosphates, leading to large growths of 
vegetation and thus additional depletion of oxygen during the early morning due to plant 
respiration. 

Although the oxygen levels did not drop below 4 mg/1, it must be remembered the 
river flow was fairly high, being 80 cfs at the Charles River Village gage in Dedham (Tables 
2 and 3). If low flow conditions had occurred in 1967 the river would have been severely 
deficient in oxygen at the same three points noted above, with additional critical areas at 
intermediate stations and in the tributaries of Mine Brook in Franklin and Stop River in 

Norfolk. Expected conditions were calculated for a gage reading of 10.8 cfs at Charles River 
Village. The minimum oxygen concentrations to be expected with low flow in the river 
showed that almost every wastewater discharge in the Charles River was in violation of the 
Water Quality Classification of 1967 (Table 4). 

It was more difficult to predict the oxygen conditions in the lower portion of the river. 
Wastewater discharges come at numerous points from the M.D.C. and City of Boston sewer 
overflows, and these overflows are difficult to measure or monitor. Briefly the river showed 
evidence of gross pollution, with lower and lower oxygen concentration as the mouth of the 
river was approached. Less than 4 mg/1 D. 0. were observed in the lower basin near Long
fellow Bridge during the 1967 survey. Details on the condition of the Lower Basin were 
reported by the F.W.P.C.A. (5). 

The pollution of the river by fertilizing chemicals was severe. Phosphates exceeded the 
allowable concentration throughout the river course. Concentrations as high as 3 mg/1 of 
phosphates as phosphorus were recorded in the river below the Milford plant, whereas only 
0.05 mg/1 are permitted. Another large source of phosphates was an industry in Holliston 
which discharged directly to Chicken Brook (10). In addition, every domestic sewage dis
charge along the river contributed large amounts of phosphates. This fact was aggravated in 
the upper portion of the river by the small dilution available. Three of the four largest 
contributors of phosphates (Milford, Franklin and Filfast) are located in the upper reaches 

of the river (Table 5). 
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Low concentrations of dissolved oxygen were noted in Dover and Needham, imme
diately above the Mother Brook diversion. The minimum of 3 mg/ 1 was observed in 1967, 
but the cause of this low value was not located by the survey of wastewater discharges. 

A disruption of the ordinary bacterial population in the upper river was noted in 1967. 
The decay of the organic wastes discharged from the Milford Sewage Treatment Plant was 
unusually slow (the decay constant in the plant was 0.1, in the river it was 0.04). The most 
likely cause for this abnormal condition was the zinc and nickel being discharged by two 
industries in Milford (10). 

TABLE 2 

MINIMUM 7-DAY MEAN FLOW IN THE CHARLES RIVER DURING TEN YEAR DROUGHT 

U.S.G.S. 
GAGE 

LOCATION 

Charles 
River 
Village 

Mother 
Brook 

Wellesley 

Waltham 

Watertown 
Dam 

Charles 
River Dam 

AUGUST 
1965 

MEAN FLOW 
cfs 

17.5 

6.8 

13.0 

17.0 

ESTIMATED 
MEAN 

DROUGHT FLOW 
cfs 

10.8 

4.2 * 

8.0 * 

10.5 * 

19 ** 

25 ** 

* 

** 

Estimated from ratio at Charles River Village Gage 

Estimated from drainage area 

28 

DRAINAGE 
AREA 

SQ. Ml LES 

184 

211 

227 

269 

305 

RIVER 
MILE 
OF 

GAGE 

34.3 

26.5 

20.0 

12.6 

9.6 

1.2 



TABLE 3 

CHARLES RIVER 

FLOWS IN CUBIC FEET PER SECOND DURING 1967 RIVER SURVEY 

Month Date Charles River Mother Wellesley Waltham 
Village Gage Brook Gage Gage 

Gage 

August 22 72 4.5 65 87 

24 60 4.1 53 73 

September 5 106 7.9 112 128 

7 83 5.4 83 99 

Total Flow 321 21.9 313 387 

Mean Flow 80 5.5 78.4 97 

TABLE 4 

EXPECTED OXYGEN CONCENTRATIONS IN THE UPPER CHARLES RIVER IF THE 7-DAY 
MEAN FLOW WITH A 10 YEAR FREQUENCY HAD OCCURRED IN THE SUMMER OF 1967. 

River Town Owner of Mile Point of Expected Mean 
Mile Discharge Oxygen Sag Mean D.O. Allowable 

by 1967 
Classifi-

cation 

73.5 Milford Town 70.5 3.3 5.0 

51.6 Millis Town 49.2 2.4 5.0 

Cliquot Club 49.2 2.4 5.0 

Ruberoid 49.2 2.4 5.0 

49.2 Medfield Town 49.2 2.4 5.0 

Franklin Town Mine Brook 0 5.0 

Medfield Walpole Prison Stop River 0 5.0 
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TABLE 5 

AMOUNTS OF PHOSPHATES AND ORGANICS DISCHARGED TO 
THE UPPER CHARLES RIVER IN 1967. 

Flow in Phosphates BOD Receiving 
Owner of Discharge MGD lbs/day lbs/day 1.1\faterbody 

Bettinger Corporation 0.05 0.6 Cedar Swamp Pond 

Stylon Corporation 0.004 0.1 0 Cedar Swamp Pond 

Milford 1.446 100 360 Charles River 

Franklin 1.227 79 665 Mine Brook 

Your Laundry Co. 0.001 0.1 5 Charles River 

Buckley & Mann Corp. 0.19 ** 8 Mill River 

Walpole Prisons 0.4 8 167 Stop River 

Millis 0.2 12 28 Charles River 

Medfield 0.032 3 31 Charles River 

Ruberoid Corp. 0.18 ** 8 Charles River 

Clicquot Club Corp. 0.24 65 1480 Charles River 

Medfield Hospital 0.25 9 73 Charles River 

Filfast Corporation 0.04 135 72 Chicken Brook 

Wrentham School 0.4 17* 117 Eagle Brook 

Pondville Hospital 0.055 2* 23 Stoney Brook 

TOTALS 4.7 431 3038 

* estimated 

* * not estimated 

Color. One important measure of the esthetic value of the river is its color. The source 
of the high amount of color in the river is not known but it is generally assumed to be of 
natural origin, coming from vegetation in the upstream reaches or from microscopic organ
isms. 

There is some indication from previous writers that the Charles was not always the 
color of tea. Longfellow noted a celestial blue color in 1850 before construction of the 
Charles River Dam: 

30 



. And in better hours and brighter, 
When I saw thy waters gleam, 

I have felt my heart beat lighter, 
And leap o~ward with thy stream, 

Not for this alone I love thee, 
Nor because thy wave of blue, 

From celestial seas above thee~
Take their own celestial hue. 

Where yon shadowy woodlands bid thee, 
And thy waters disappear, 

Friends I love have dwelt beside thee, 
And have made thy margin dear. 

Henry W. Longfellow 
"To the River Charles" 
C. 1850 

The high degree of correlation between color and algae counts in the river indicated 
that vegetation was the source of the color. However, four of the sampling points show high 
color but low algae counts. Two of these points receive color from industrial polluters, 
Clicquot Club and Filfast. The source of color in the others is unknown and should be 
investigated. In conclusion, the vegetation was a major source of color in the river, but 
industrial pollution also added significant amounts of color and must be controlled. 

Additional Study. 

Analyses of the 1967 data indicated a need for additional information in the upper 
reaches of the river. In order to explain the concentrations of BOD observed in the river 
at Milford, Medway and South Natick, it was necessary to postulate the existance of addi
tional sources of pollution at those points (200 #/day of BOD at Milford, 650# at 
Medway and 700#at South Natick). Field inspection verified that there were no discharges 
at those points. After considerable analysis it became apparent that three impoundments 
(Box Pond in Bellingham, West Medway Dam and South Natick Dam) were generating the 
BOD loadings. It is probable that the eutropl1ication caused by the high phosphate concen
tration is the basic source of the pollution. The heavy algae growths produce BOD as they 
die and they also settle to the bottom of the impoundment along with sludge coming from 
upstream. 

The extent and expected duration of the pollution sources in these impoundments 
should be investigated, primarily to determine whether dredging will be needed in these 
impoundments or whether they can be expected to eventually restore themselves once the 
fertilizing pollutants are removed. 

A critical reach of the river showed ox·1gen and BOD values indicating sludge settling 
and benthal demand for oxygen. These factors should be measured as well as time of travel 
in the reach from Mine Brook to Bogastowe Brook to clarify the real character of the river. 
This reach is very important since the oxygen sag curves from several major polluters overlap 
and the extent of the overlap can change the degree of treatment required. 
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A final point noted in the analysis was the unusually low rates of deoxygenation in the 
river upstream of Millis. The calculated K1 values (to the base 10) range from 0.04 in Milford 
to 0.012 in Medway. Perhaps toxic materials from Bettinger and Stylon of Milford, or other 
industries on the river, reduced the bacterial population. 

V. FUTURE CONDITIONS OF THE RIVER 

From an analysis of the 1967 river survey, it was determined that new treatment facili
ties are needed for almost every industrial and domestic discharge to the upper Charles River, 
that control to the combined sewer overflows in the lower basin is mandatory and, that a 
program of river management for pollution control is needed to implement the Water 
Quality Standards decreed in 1967. 

The analysis of the upper Charles River was accomplished with the aid of computer 
simulation of the river. The computer model simulated the dissolved oxygen concentration 
and BOD, and was verified with the data from the 1967 river survey. The input data from 
the model analysis are available for inspection at the office of the Division of Water Pollu
tion Control in Boston, and a description of the reaches is included in the Appendix of this 
report. 

A. The Upper Valley 

The degree of treatment required for existing discharges in the upper valley calculated 
by simulating low flow conditions in the river for the year 1980. Because the polluters are 
already well along in their engineering studies there was little point in evaluating possilbe 
regional consolidations for this generation of treatment plants. However, the subsequent 
analysis for the year 2000 does compare regional versus individual configurations for the 
many communities involved. 

In the calculation of the river capacity it was assumed that the major sources of pollu
tion in 1980 will be Milford, Bellingham, Franklin, Medway, Millis, Clicquot Club, and Med
field (Table 6). A system of individual treatment plants with a few regional consolidations 
was assumed for these communities (Figure 11). River conditions for the analysis corres
ponded to a flow at the Charles River Village Gage equal to the sum of 10.8 cfs ( minimum 7-
day mean flow with a 10 year frequency, as of 1970) plus the additional wastewater dis
charges to be added by 1980 (3.2 cfs), a total of 14 cfs. Deoxygenation and reareation 
rates in the analysis were calculated from the 1967 survey, with allowance made for benthal 
oxygen demand, aeration over dams, sedimentation, and photosynthesis. In the analysis the 
capacity of the river was defined as that organic loading which produced a mean dissolved 
oxygen concentration of 5.5 mg/1 or higher at 30° C water temperature. This mean of 5.5 
mg/1 conforms to the oxygen requirements for class B and C waters, assuming a moderate 
amount of photosynthesis. 

The allowable organic loadings for the major discharges are from 200-800 lbs per day 
of ultimate BOD (Table 7). This assumes aeration of the plant effluents to moderate levels 
by 1980 and high levels by 1990. High degrees of BOD removal will be necessary as soon as 
the plants are constructed and by 1990 removal efficiencies of about 95% will be needed. 
In every case high removals of phosphates will be needed. Thus the new plants must give 
tertiary treatment to the wastes, including aeration during periods of low flow in the 
summertime. 

A sensitivity analysis with the computer model indicated that additional attention should 
be paid to time of travel for low flow in the Millis-Medfield reach, and to the deoxygenation 
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Point of 
Discharge 

A 

B 

C 

D 

E 

F 

G 

H 

TABLE 6 

PROJECTED FLOWS INTO INDIVIDUAL TREATMENT PLANTS 
IN THE UPPER VALLEY OF THE CHARLES RIVER, 1980. 

River Owner of Projected Projected 5-Day 
Mile Discharge Flow - cfs Raw BOD-mg/1 

73.5 Milford 3.9 160 

63.0 Bellingham 0.5 250 

63 .0 Franklin 1.5 250 

63.0 SUM 2.0 250* 

60.9 Medway 0.9 250 

Stony Brook Pondville 0.1 150 
Hospital 

Stop River Walpole 0.7 440 
Prisons 

50.8 Clicquot Club 0.3 740 

50.8 Millis 0.5 210 

50.8 Ruberoid 0.2 5 

50.8 SUM 1.0 330* 

49.2 Medfield 0.7 350 

47.3 Medfield 0.3 200 
Hospital 

* WEIGHTED AVERAGE 

33 



~ 
N 

0 I 2 3 4 5 

MILES 

NUMBER = HIGHWAY ROUTE 
LETTER= DISCHARGE LOCATION 

Figure 11. 

-BOSTON 

EXPECTED LOCATION OF MAJOR DISCHARGES 
ON UPPER CHARLES RIVER IN 1980 

34 



TABLE 7 

CALCULATED ASSIMILATIVE CAPACITY FOR UPPER CHARLES RIVER 1980 

PLANT 

Milford 

Bellingham 
Franklin 

Medway 

Millis 
Clicquot Club 

Medfield 

OXYGEN 
CONCENTRATION 

IN 
EFFLUENT 

mg/1 

5 

2 

2 

4 

3 

TABLES 

APPROXIMATE 
REMOVAL 

1980 

90% 

82% 

82% 

92% 

90% 

CAPACITY 
OF 

RIVER IN 
UL Tl MATE 

BOD 
LBS/DAY 

500 

800 

300 

450 

200 

SEASONAL VARIATIONS IN REMOVAL REQUIRED FOR MILFORD SEWAGE 
TREATMENT PLANT DURING HYPOTHETICAL DROUGHT- 1980 

ASSUMED ORGANIC 
MEAN FLOW IN REMOVAL 

CHAR LES RIVER ASSUMED REQUIRED REQUIRED 
AT C.R.V. GAGE TEMPERATURE FOR EFFLUENT D.O. IN 

(1965) OF RIVER WATER FROM MILFORD EFFLUENT 
MONTH cfs oc mg/1 

May 158 20 80% 2 

June 93 25 80% 2 

July 33 30 92% 2 

August 18 25 92% 4 

September 20 20 92% 3.9 

October 28 15 92% 2.7 

November 33 10 80% 2 
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rates below the Milford STP. A refinement of the data in these areas might cause significant 
changes in the calculated capacity of the river. However capacity in the other reaches of the 
river was very insensitive to changes of even 50% in time of travel, and the degradation con
stants were in the normal range. Changes of 2 or 3' Chad only minor effects on the calculated 
oxygen levels in the river (0.1 mg/1 in the mean D.O.). 

Seasonal requirements for the operation of the Milford STP were explored with the 
river model by calculating the removal required for the various months of 1965, a year 
which corresponded closely to a ten-year drought. By 1980, under river conditions equivalent 
to a drought it was determined that 80% removal of BOD would be satisfactory from 
November to June, but well over 90% removal would be needed in the summer (Table 8). 
In addition the effluent would have to be aerated from August through October, and high 
degrees of phosphate removal obtained from March through December. The automation of 
certain portions of the Milford Sewage Treatment Plant to produce varying degrees of treat
ment as required by river conditions would then yeild appreciable savings in costs of chemicals 
for phosphate removal and power for effluent aeration. The same would be true for Franklin 
and perhaps Medway, Millis and Medfield. 

A similar analysis of the assimilative capacity of the river was made for the year 2000 
when the minimum flow in the river will be somewhat higher due to increased discharges. 
For this analysis the possibility of a regional configuration was also analyzed. The expected 
discharges of individual treatment plants for the year 2000 include a few plants in addition 
to those analyzed for 1980, due to expected population growth (Tables 6 & 9). The first 
configuration examined (Figure 11) is similar to that assumed for 1980. 

For individual treatment plants in the year 2000 the degree of organic removal necessary 
will be 90-98%, even with highly aerated effluents (Table 9). In addition high removal of 
phosphates will be needed throughout the year. 

Since such high-degrees of treatment are unlikely to be obtained except in the most 
efficient plants, the possibility was investigated of combining the effluents of the various 
communities into two regional plants (Table 10). Plant A was located just below Medway 
and would receive discharges from Milford, Bellingham, Franklin, Medway and Wrentham. 
Plant B was placed near Millis and received flows from Medfield, Millis and Holliston. Other 
smaller discharges to the river were ignored in th is analysis (Figure 12). 

The analysis indicated a river capacity of 700-1200 lbs. per day of ultimate BOD at the 
site of Plant A. The 500 lbs. per day range is caused by the differences in two sets of deoxy
gentation rates. The lower value was calculated using the low rates observed in the 1967 
survey (K1=0.05 to 0.09, to the base 10). The higher rates were estimated when it was 
assumed that K1=0.1, a more common value. This value might be expected when the toxic 
effects of industrial discharges are eliminated. Until this problem is clarified, the lower value 
- 700 lbs per day - should be used for the stream capacity. This is equivalent to 97-98% 
removal. 

Analysis of the river at the location of Plant B indicated a capacity of 700-1200 lbs/day 
of ultimate BOD, equivalent to 96% removal. The K1 values in this reach were normal, The 
range in allowable load is due to uncertainties in the sedimentation and photosynthesis rates, 
and again the lower value should be used. 
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Point of 
Discharge 
(Figure 11) 

A 

B 

CSUM 

D 

E 

F SUM 

G SUM 

H 

TABLE 9 

ASSIMILATIVE CAPACITY OF THE UPPER CHARLES RIVER, 
CALCULATED FOR MAJOR DISCHARGES IN THE YEAR 2000. 

Owner of 
Discharge 

Milford 

Bellingham 

Franklin 

Holliston 

Medway 

Pondville 
Hospital 

Walpole 
Prisons 

Millis 

Clicquot 
Club 

Ruberoid 

Medfield 

Sherborn 

Medfield 
Hospital 

Dover 

Projected 
Flow cfs 

10.5 

2.0 

5.4 

2.8 

2.5 

10.7 

0 .1 

0 .7 

1.6 

0.3 

0.2 

2.8 

4 .9 

0.1 

0 .3 

0.4 

0.1 

Projected Raw 
BOD 5 
lbs/ day 

9 ,100 

1,800 

8,500 

2,500 

2,300 

13,300 

50 

1,700 

1,750 

3,000 

10 

5,250 

10,000 

1,300 

900 --

2,200 

250 
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Allowable 
BOD -ultimate 
lbs/day 

600 

280 

1230 

2 

68 

680 

260 

34 

Oxygen 
Required in 
Effluent 
mg/ 1 

5.5 

5.0 

2.8 

1.5 

7.0 

7.6 

1.0 

1.0 
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TABLE10 

-

PROJECTED DISCHARGES FROM REGIONAL TREATMENT PLANTS 
IN UPPER VALLEY OF CHARLES RIVER FOR THE YEAR 2000* 

PLANT RIVER SOURCES OF FLOW FLOW B0D5 
MILE IN IN 

cfs mg/1 

A 60.9 Milford 10.5 160 

Bellingham 2.0 250 

Franklin 5.4 290 

Medway 2.5 250 

Wrentham 1.8 250 

TOTAL 22.2 217* 

B 50.8 Medfield 2.8 350 

Medfield Hospital 0.4 200 

Millis 1.6 210 

Clicquot Club 1.0 740 

Holliston 2.8 250 

TOTAL 8.6 340* 

* Weighted Mean 
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Thus a comparison of regional versus individual treatment plants by the year 2000 shows 
that the same degree of treatment would be required for the communities considered for 
Plant B, but for Plant A (Milford, Bellingham, Franklin and Medway) separate plants would 
not require quite as high degrees of treatment (96%, 94% and 94% respectively). 

It was concluded that there was little justification for any high degree of regionaliza
tion in the upper valley before 2000 from the point of assimilative capacity of the river. 
The advantage of better operation, cheaper maintenance and economies of large-scale con
struction must be added to this analysis however. Preliminary indications are that the annual 
costs would be about the same for Regional Plant A as for individual plants so the primary 
consideration will be the improved operation to be expected in a large plant. 

In the case of Plant B however, the regional plant is more economical than individual 
plants, and a regional plant in this location should be developed if at all possible. 

B. The Lower Basin 

There are a number of decisions required in connection with improvement of water 
quality in the lower basin. The first choice is between the desirability of B quality versus 
C quality. In 1967 a C classification was assigned to the lower basin, but since that time the 
M.A.P.C., League of Women Voters and other public oriented groups have called for B 
classification. The following discussion compares the costs and time tables involved in the 
two alternatives. 

C Classification. The 1967 survey established the fact that the existing quality was con
siderably below the assigned C values. Dissolved oxygen went as low as 3.5 rng/1; there were 
no bottom organisms recovered; indicating highly toxic conditions; nutrient levels were 
excessively high and coliform and salmonella organisms indicated a potential health hazard. 
Most of these conditions are due to the overflows from combined sewer systems and the 
stratification caused by conditions at the dam. 

The M.D.C. is constructing a detention and chlorination facility for the overflows from 
the combined sewers, located at the B.U. Bridge. In addition, it appears that the Corps of 
Engineers will construct a new darn below the existing one, thus decreasing saline intrusions 
to the basin. Probably these two measures will raise the quality to a C condition. The first 
improvements should be noted by the summer of 1971 but the final step - the new darn -
would not be completed before 1975. These two facilities will cost about 5$ million and $27 
million respectively. 

B Classification. In order to achieve a quality suitable for bathing and recreation, 
considerable expenditures will be required beyond the $32 million for the MDC storm
water detention facility and the new dam. There are at least four possible ways of obtaining 
B quality: by the deep rock tunnel system; by separation of the combined sewers which 
discharge into the basin; by construction of another stormwater detention facility for the 
overflows in the Charlesgate-Esplanade area; and by careful management of the present river 
system for pollution control. However, except for the Deep Rock Tunnel there is still some 
question whether these methods will raise the quality to B. 

The Deep Tunnel plan might be the ideal solution for the entire Metropolitan area, 
although costing $500 million and requiring at least 5, perhaps 10 years to complete. It 
would remove pollution not only from the basin but also from Boston Harbor. The high 
cost of the original proposal almost puts it out of consideration however. 
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DISCHARGE SOURCE 1973 1974 

3 FRANKLIN TOWN 
4 FILFAST 

5 YOUR LAUNDRY 

6 MEDWAY TOWN 

7 MEDFIELD TOWN 

8 CLICQUOT CLUB 

9 RUBEROID 

Figure 13. 

SCHEDULE FOR COMPLETING TREATMENT FACILITIES 

ON UPPER CHARLES RIVER 



The second more conventional proposal of separating the most critical combined sewers 
would cost about $51 million. This would improve the basin but not necessarily Boston 
Harbor. It offers the advantage of increasing the flow of runoff to the basin, whereas the 
Deep Tunnel plan would eliminate it and would cause additional stagnation and stratification 
problems. One of the first areas in need of separation is the area contributing to overflows 
near the Esplanade. The Boston Marginal Conduit that presently overflows into the Charles 
River receives combined sewage and wastewater from the West Side Interceptor and the 
Stony Brook System (figure 7). Separation of the combined systems in the tributary areas 
not already separated (360 acres for West Side Interceptor and 1500 acres for Stony Brook 
System) would eliminate sewage pollution in the Charles River from the Boston Marginal 
Conduit. The estimated cost of separation of $51 million does not include the additional 
costs to the city for storm drains which could double this figure, or the plumbing costs in indi
vidual buildings. 

The third method would be construction of another stormwater detention facility. This 
would postpone the necessity for separation of the local sewers and could be based on the 
experience with the facility at the B.U. Bridge. The cost has not been estimated but it might 
be less than $10 million. Its effect on water quality is difficult to predict, except for the 
Back Bay Fens area where it would eliminate a severely polluted condition. 

The fourth proposal for management of the river would be the cheapest and could 
offer the quickest improvements in water quality. Conceptually it assumes that the rational 
use of pollution management facilities may give the same benefits as the construction of 
expensive diversion facilities or sewers. For example, the basin can be destratified using 
mixing devices, even before the new dam is constructed. In-stream treatment devices can be 
used to purify the water in the basin at those times when pollution conditions become 
critical, or the storm overflows can be treated until the storm and sanitary systems are 
separated. Flow through the basin could also be raised during critical periods by elimination 
of the Mother Brook diversion in Dedham or by drawing from other sources. Management 
systems for controlling combined sewers are already in operation on the Mississippi River, 
and it is probable that the same techniques can be used on the Charles River at considerably 
less expense than separation or the deep tunnel. This kind of system should be operational 
within 5 years and perhaps some components within 2 or 3 years. 

C. Recommendations for Further Study 

1. Additional studies should be initiatedonthe LowerBasinto determine the feasibility 
and cost of alternate methods for raising the water quality to a B standard, suitable for 
bathing. The tremendous importance of this Basin for people in the Metropolitan Area 
requires high priority for this recreational asset. 

2. The towns of Needham, Newton, Wellesley, Weston, Waltham, Watertown and 
Brookline and the cities of Cambridge and Boston should conduct surveys to locate and stop 
the small, illegal discharges to the Charles River and its tributaries. These small discharges 
should be eliminated by 1974 to coincide with the program of this Division for the major 
polluters. 

3. A regional authority for the upper valley should be studied, to eventually operate 
the several individual treatment plants which are currently in operation or being planned 
(Figure 13). 

4. Research on the Charles River should be conducted to determine the nature of the 
pollution-generating impoundments in Milford, Medway and South Natick. It is necessary to 
determine whether these sources can be eliminated by controlling phosphate discharges to 
the river, or whether dredging or other measures will be necessary. 
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5. Time of travel studies are needed in the reach from Stop River to Medfield to 
determine whether the river has a greater assimilative capacity than presently assumed. 

6. The degradation rates in the river below Milford should be studied to determine 
whether toxic materials caused the low rates in 1967. 

VI. CONCLUSIONS 

The 1967 survey of the Charles River indicated that the entire river from Cedar Pond 
in Milford to the mouth in Boston Harbor was below the classification assigned by the Water 
Quality Standards of 1967. 

Major discharges contributing to this pollution were the towns of Milford and Franklin, 
and some of the towns and cities connected to the M.D.C. sewers, especially the City of 
Boston. Industrial pollution came from seven sources in the upper valley, but for the river as 
a whole the major class of pollution was from domestic sewage. In the Lower Basin the pollu
tion from storm water overflows of the M.D.C. and metropolitan sewers was the primary 
cause of severe pollution. During low flow the Basin was a stagnant, stratified reservoir with 
virtually no aquatic animal population. It was unfit for bathing because of high degrees of 
human pollution, and at times it was hardly fit for boating because of foul odors and oil. 

To raise the river quality to the assigned standards will require improved sewage treat· 
ment on almost all existing discharges, control or elimination of the combined sewer over· 
flows, destratification of the Lower Basin, and careful management of the entire river. The 
upstream discharges will need high nutrient removal, 90-98% removal of organics and 
aeration of effluents. 

Although there are no clear economic advantages to be gained at present by regional 
sewage treatment plants for communities in the upper valley, it appears that regionalization 
may be worthwhile by the year 2000, especially in terms of efficiency of operation and 
maintenance, a critical problem in certain towns. 

The expense of waste treatment in the upper valley should be minimized by operating 
tertiary treatment facilities only when required by river conditions. This rationalized opera· 
tion will require automated sensing devices for dissolved oxygen and phosphates at critical 
points on the river. 

Dumps on the Charles River (especially in Milford, Newton and Waltham) should be 
moved or so modified that they cease pollution of the river. If dumps are not removed under 
the new regulations of the Department of Public Health then the Division of Water Pollution 
Control should put each dump on an implementation schedule for correction of the pollution 
by no later than 1974. 

The City of Boston should be placed on implementation to take immediate remedial 
action with respect to the overflows in the Fenway behind the Museum of Fine Arts. This 
action might include dredging of the Fens which is now filled with sewage and which is 
obnoxious in the summer due to hydrogen sulfide odors. 
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TABLE A1 

DEFINITION OF REACHES IN CHARLES RIVER MODEL 

Square Miles of 
Reach Upstream Downstream Description 
Number Mile Point Drainage Area 

1 78.9 2.3 Echo Lake Dam to M ii ford 
Waterworks Dam 

2 77.3 6.0 Milford Waterworks Dam to 
Bettinger effluent 

3 76.0 7.8 Bettinger effluent to Cedar 
Swamp Dam 

4 75.5 10.0 Cedar Swamp Dam to Milford 
S.T.P. 

5 73.5 14.2 Milford S.T .P. to inlet of 
Box Pond 

6 70.3 24.8 Inlet of Box Pond to Caryville 
Dam 

7 64.7 25.0 Caryville Dam to Hopping Brook 

B 64.3 36.6 Hopping Brook to Mine Brook 

9 63.2 52.6 Mine Brook to Chicken Brook 

10 63.0 65.0 Chicken Brook to Medway Dam 

11 60.9 70.0 Medway Dam to Mill River 

12 57.6 91.5 Mill River to Stop River 

13 51.8 109 Stop Riverto Millis S.T.P. 

14 50.8 110 Millis S.T.P. to Medfield S.T.P. 

15 49.2 113 Medfield S.T .P. to Bogastowe Brook 

16 48.4 141 Bogastowe Brook to Medfield Hospital 

17 47.3 145 Medfield Hospital to St. Stevens 
School 

18 43.7 156 St. Stevens School to South Natick 
Dam 

19 41.1 160 South Natick Dam to Waban Brook 

20 39.4 179 Waban Brook to Trout Brook 

21 37.2 183 Trout Brook to Cochrane Dam 

22 34.5 184 Cochrane Dam to Gage at Charles 
River Village 

45 



TABLE A2. CONSTANTS FROM VERIFICATION OF MODEL WITH DATA FROM FEDERAL SURVEY 1967 

K1 KS K2 T4 C7 
Reach (Base 10) (Base 10) (Base 10) Hours mg/1 

1 0.045 0 0.2 5 8 

2 0.045 0 0.1 50 8 

3 0.045 0 0.1 106 8 

4 0.045 0 1.0 109 8 

5 0.025 0 0.2 116 8 

6 0.024 0 0.8 157 8 

7 0.021 0 0.8 158 8 

8 0.018 0 0.8 163 8 

9 0.015 0 0.8 164 8 

10 0.012 0 0.8 177 8 

11 0.050 0.7 0.2 195 0 

12 0.094 0.2 0.1 212 0 

13 0.094 0.2 0.1 215 0 

14 0.094 0.2 0.1 223 -10 

15 0.094 0.2 0.1 227 -10 

16 0.087 0.2 0.1 235 -10 

17 0.080 0 0.2 255 8 

18 0.080 0 0.2 300 8 

19 0.076 0 0.05 310 8 

20 0.076 0 0.05 320 8 

21 0.076 0 0.05 330 8 

22 0.076 0 0.05 332 8 
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TABLE A3. CONSTANTS USED IN EVALUATION OF INDIVIDUAL TREATMENT PLANTS 1980 

Downstream 
Kl KS K2 T4 C7 Q 

Reach (Base 10) (Base 10) (Base10) Hours ·mg/1 cfs 

0.045 0 0.2 40 8 1.0 

2 0.045 0 0.1 400 8 1 . 1 

3 0.045 0 0.1 852 8 1.2 

4 0.045 0 1.0 872 8 1.2 

5 0.025 0 0.2 924 8 5.2 

6 0.024 0 0.8 1254 8 5.4 

7 0.021 0 0.8 1267 8 5.4 

8 0.018 0 0.8 1302 8 5.6 

9 0.015 0 0.8 1309 8 6.0 

10 0.012 0 0.8 1375 8 8.2 

11 0.050 0.2 0.2 1480 0 9.2 

12 0.094 0.2 0.1 1560 0 9.6 

13 0.094 0.2 0.1 1641 0 9.9 

14 0.094 0.2 0.1 1722 ·10 11.6 

15 0.094 0.2 0.1 1801 -10 12.3 

16 0.087 0.2 0.1 1880 · 10 12.8 

17 0.080 0 0.2 2040 8 

18 0.080 0 0.2 2400 8 

19 0.076 0 0.05 2480 8 

20 0.076 0 0.05 2560 8 

21 0.076 0 0.05 2640 8 

22 0.076 0 0.05 2656 8 
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TABLE A4. CONSTANTS FOR ANALYSIS OF INDIVIDUAL TREATMENT PLANTS· 2,000 

K1 KS K2 T4 C7 
Reach (Base 10) (Base 10) (Base 10) Hours mg/1 

0.1 0 0.1 11 0 

2 0.1 0 0.1 110 0 

3 0.1 0 0.04 234 

4 0.1 0 0.1 240 8 

5 0.1 0 0.25 254 8 

6 0.1 0 0.2 345 8 

7 0.1 0 0.2 349 

8 0.1 0 O.fi 358 

9 0.1 0 0.6 360 8 

10 0.1 0 0.8 378 2 

11 0.1 0 0.2 407 1 

12 0.1 0 0.1 429 8 

13 0.1 0 0.1 451 8 

14 0.1 0 0.1 473 8 

15 0.1 0 0.1 495 8 

16 0.1 0 0.1 517 8 

17 0.1 0 0.1 539 8 

18 0.1 0 0.2 553 8 

19 0.1 0 0.1 568 8 

20 0.1 0 0.1 587 8 

21 0.1 0 0.1 611 8 

22 0.1 0 0.1 612 8 
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