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I. INTRODUCTION 

The Clean Water Act 

The Clean Water Act of 1977 (PL95-217) was passed by Congress as an amend
ment to the 1972 Federal Water Pollution Control Act (PL92-500). As stated 
in Section lOl(a), "the objective of this Act is to restore and maintain 
the chemical, physical, and biological integrity of the nation's waters." 
The Clean Water Act provided for a comprehensive, nationwide program to 
meet its objective. Major goals and policies of this program were: 

1) The elimination of pollutant discharges by 1985; 

2) water quality that provides for the protection of fish, 
shellfish, and wildlife and allows for recreational use 
in and on the water by 1983; 

3) prohibition of the discharge of toxic pollutants; 

4) financial assistance for the construction of publicly
owned treatment works; 

5) area11ide waste treatment management planning; and 

6) funding for a major research and demonstration program 
to develop technology related to pollution control. 

If the above goals and policies seem ambitious, they do represent a 
response to strong public sentiment that clean water is essential to public 
health and an adequate standard of living, and, therefore, should be a 
major national objective. 

Since the original "Water Pollution Control Act of 1948" was passed, a 
number of revisiens and amendments have been formulated in a continuous 
effort to redefine goals and objectives as they relate to the cleaning up 
of the nation's waters. In fact, the Clean Water Act is presently before 
Congress for reauthorization. 

It was recognized by the Congress that a critical aspect of proper water 
quality management is a comprehensive water and wastewater planning 
program. Therefore, the Clean Water Act provides for water quality manage
ment planning at the federal, state, areawide, and local levels. 

Areawide Waste Treatment Management 

Section 208 of the Clean Water Act established guidelines for the develop
ment of areawide waste treatment management plans for particular urban and 
industrialized areas that exhibit complex water quality problems. The 
major emphasis of the "208" planning effort was to be on the control of 
local municipal and industrial wastewater, stormwater and urban runoff, 
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combined sewer overflows, non-point sources of pollution, and water quality 
problems associated with various land use types. 

In December, 1974 the governor of Massachusetts designated the Northern 
Middlesex Area Commission (NMAC) as the agency responsible for developing 
an areawide water quality management plan for the communities in the 
Lowell Metropolitan Area. This area is comprised of the towns of 
Billerica, Chelmsford, Dracut, Tewksbury, Tyngsborough, Westford, and the 
city of Lowell. This planning effort culminated in the publication of the 
Northern Middlesex Water Quality Management Plan/Environmental Impact 
Statement in March, 1980. This p1an presents technical and management 
alternatives for dealing with municipal and industrial wastewater, com
bined sewer overflows in Lowell, and non-point sources throughout the 
region. Furthermore, it made specific recommendations to public and pri
vate agencies relative to the improvement of water quality conditions in 
the seven communities that comprise the NMAC. 

Likewise, the Merrimack Valley Planning Commission (MVPC) was designated in 
1975 to formulate an areawide wastewater management plan for its member 
cities and towns. These municipalities, located primarily within the 
Merrimack River watershed but also in the Shawsheen and Ipswich/Parker River 
basins, are Amesbury, Andover, Boxford, Georgetown, Groveland, Haverhill, 
Lawrence, Merrimac, Methuen, Newbury, Newburyport, North Andover, Rowley, 
Salisbury, and West Newbury. Results of this areawide planning were 
published in June, 1979 as the Final Water Quality Status Report for the 
Merrimack Valley Region. 

A map of the Merrimack River Basin is presented in Figure 1. Adjacent 
river basins are designated by code numbers as follows: 

Code Number 

(81) 
(82) 
(83) 
(91) 
(93) 

Watershed 

Nashua 
Concord 
Shawsheen 
Parker 
North Shore 

On the figure are superimposed the regional planning commission jurisdic
tional areas described above. Also included in the Merrimack River 
Watershed are small portions of the designated Montachusett Regional 
Planning Commission and Metropolitan Area,Planning Council regions. 

MDWPC River Basin Planning 

Sections 106 and 303 of the Clean Water Act provide for a water pollution 
control program at the state level. This program includes, but is not 
limited to, the establishment of state water quality standards, monitoring 
of surface and ground water, and the formulation of implementation plans 
whereby the goals and objectives of the water quality standards are 
attained. 

7 



,. ________________ MERRIMACK RIVER BASIN----------------, 

NO 
,. AAINAGE LOCATION 

NH TYNGSBOROUGH 

Merrimack Valley 
Planning Commission (MVPC) 

. ~,r1t . liTlTTTTlTlll Northern Middlesex 
TEwKSou•v 111 Willillilll Area Commission' (NMAC) 

~I~ I~ 11 I j Montachusett Regional 

(81) Basin Code 
(see text) 

2 3 4 !5 

Planning Commission (MRPC) 

Basin/Drainage Divide 

Metropolitan Area 
Planning Council (MAPC) 

o---, ~--cc,---=-,--:;--;-- --...M,,,. Figure 1 
---~'-~ d'IILOMETERS MERRIMACK RIVER BASIN AREAWIDE 

REGIONAL PLANNING COMMISSIONS 



The Massachusetts Division of Water Pollution Control (MDWPC) is the state 
agency that has administered the pollution monitoring and abatement program 
for Massachusetts since its inception in 1967. Therefore, when federal 
grants became available through Section 106 of the Federal Water Pollution 
Control and Clean Water Acts, they were awarded to the MOWPC to continue 
the Commonwealth's water pollution control program. 

In order to guide the administration of treatment facility construction 
grants, issuance of NPOES discharge permits, and other pollution abatement 
related activities, it was necessary to develop river basin water quality 
management plans. It was felt that planning at the river basin or 
watershed level was preferable to planning based on political boundaries. 
The river basin plans were to provide technical assistance to the various 
programs of the MOWPC in the form of water quality standards, pollution 
abatement priorities, waste load allocations and recomme1dations for NPOES 
permit limitations, and implementation schedules for compliance with water 
quality standards. 

In February, 1975, the MDWPC published a report entitled The Merrimack 
River Basin Water Quality Management Plan in accordance with the U.S. 
Environmental Protection Agency (U.S. EPA) guidelines for Section 303(e) of 
the Federal Water Pollution Control Act (PL92-500). The plan consisted of 
a summary of the water quality standards as they applied to the Merrimack 
River and selected tributaries, a description of existing water quality 
conditions, a water pollution abatement strategy for the Merrimack River, 
and a proposed monitoring program for the river basin. 

The MDWPC 303(e) Basin Plan was intended to be a short-term plan that dealt 
primarily with known water quality problems. As such, it was to be sub
jected to periodic reviews and revisions with appropriate public par
ticipation. Since the publication of the 1975 basin plan, water quality 
surveys of the Merrimack River Basin were conducted by the MDWPC in 1979 
and 1981. Furthermore, the Commonwealth's water quality standards were 
revised in 1978, and again early in 1985. 

As a result of the above-mentioned changes, the following report is pre
sented as an update of the original 303(e) water quality management plan 
for the Merrimack River Basin. Included is a water quality analysis based 
on the MDWPC surveys of 1974, 1979, and 1981. In addition, a list of 
wastewater discharges, an updated pollution abatement plan, and a proposed 
future monitoring program are presented. Future monitoring proposals have 
been expanded to include the evaluation of water quality degradation from 
toxic pollutants and hazardous waste materials. 

This updated report examines wastewater collection and treatment needs of 20 
cities and towns that are situated wholly or partially within the Merrimack 
River Basin. These communities are listed with land area and population 
information in Table 1 and are highlighted in Figure 2. 

Peripheral municipalities that are located in more than one watershed may be 
treated in this report and/or other 303(e) basin plans. For example, the 
towns of Groton, Ayer, and Harvard are all included in the updated Nashua 
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River Basin Water Quality Management Plan (September, 1981). In general, 
borderline communities are assessed insofar as they impact water quality 
issues of the Merrimack River Basin. 
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TABLE 1 
MASSACHUSETTS CITIES AND TOWNS IN THE MERRIMACK RIVER BASIN 

LAND AREA AND POPULATION INFORMATION 

POPULATION 
LAND AREA ACTUAL PROJECTED 

MUNICIPALITY COUNTY (mi2) 1975 1990 2000 

Amesbury Essex 13.86 13,752 21,800 29,000 
Andover Essex 31.10 26,050 36,863 39,100 
Chelmsford Middlesex 22.54 31,650 39,509 43,000 
Dracut Middlesex 21.09 20,258 29,531 33,500 
Dunstable Middlesex 16.94 1,531 2,570 3,000 
Groveland Essex 8.90 5,253 5,600 5,720 
Haverhill Essex 33.11 44,399 46,300 48,254 
Lawrence Essex 7.36 67,515 66,000 66,000 
Littleton Middlesex 17.73 6,800 8,800 10,600 
Lowell Middlesex 13.38 91,000 100,000 102,000 
Merrimac Essex 8.66 4,202 4,400 4,980 
Methuen Essex 12.41 35,500 51,000 60,000 
Newbury Essex 25.35 4,239 4,721 5,000 
Newburyport Essex 8.30 16,431 17,600 19,248 
North Andover Essex 26.63 15,864 18,900 23,084 
Salisbury Essex 15.74 4,967 8,225 11,500 
Tewksbury Middlesex 20.70 23,980 33,051 36,000 
Tyngsborough Middlesex 16.86 4,864 8,828 11,400 
Westford Middlesex 30.25 12,935 22,854 
West Newbury Essex 13.90 2,626 3,423 3,600 
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II, LAND AND WATER USE IN THE MERRIMACK RIVER WATERSHED 

Historical Overview* 

The Merrimack River served both as a major transportation route and as a 
source of drinking water for settlers and their livestock as Massachusetts 
Bay colonists made their way inland, clearing large tracts of land for 
agriculture and establishing small trading centers along the river. During 
the seventeenth and eighteenth centuries more than half the land area of 
the southern portion of the Merrimack River Basin was used for agricultural 
purposes. In the sparsely populated northern area of the river basin, 
however, man's activities were primarily centered around trapping for the 
fur trade, and, somewhat later, clearing and cutting timber for a growing 
forestry. 

By the mid 1800's, as agriculture flourished in the south and midwest, 
farming in New England played a smaller role in the region's economy. In 
its place, the American industrial revolution brought about the establish
ment of large textile manufacturing centers in the cities of Manchester and 
Nashua, New Hampshire and Lowell, Lawrence, and Haverhill, Massachusetts. 
Again the resources of the Merrimack River were harnessed; this time for 
hydropower obtained through the design and construction of dams and elab
orate canal systems. These man-made hydrologic features, considered 
advanced for their time, are still evident today in Lowell and Lawrence 
where they once furnished power to some of the largest mill complexes in 
New England. Downstream, the city of Haverhill became known for its shoe 
and leather goods manufacturing. 

Situated at the mouth of the Merrimack River, the smaller city of 
Newburyport, Massachusetts harbored a small fishing fleet. In addition, 
the extensive tidal flats located in the river's estuary yielded an abundant 
supply of soft shell clams up until the early 1900's when deteriorating 
water quality conditions forced the closure of most of the shellfish beds. 

As alluded to above,the water quality of the Merrimack River steadily wors
ened throughout the latter half of the nineteenth and into the twentieth 
centuries. Unfortunately, in addition to providing hydropower, the river 
was also used to convey untreated wastes away from the large manufacturing 
centers. Furthermore, as urban populations increased, sewerage systems 
were constructed in the major cities to collect sanitary wastes and release 
them, untreated, directly to the Merrimack River. 

Following the end of World War I the textile industry that for years.had 
played such an important role in the region's economy, moved out of New 
England and relocated in the south. This had a severe impact on cities like 
Lowell and Lawrence. In fact, it was not until the 195D's and 1960's that 
new high-technology industries, such as electronics and computer firms, 

* SOURCE: Merrimack River Basin Overview. New England River Basins 
Cormnission, 1978. 
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moved into the region and cities in the Merrimack River Valley began to 
formulate and implement plans to revitalize their commercial districts and 
stimulate economic growth. Results of recent urban renewal projects ar2 
particularly evident in the city of Lowell. The creation of the Lowell 
National Urban Cultural Park, for example, demonstrates a commitment to 
preserve significant historical and cultural landmarks such as the mill 
complex and canal system, beautify river banks and parks, and enhance the 
recreational potential within the city. 

Present Water Use 

For many years, the poor water quality condition of the Merrimack River 
limited its use to the transport of wastewater, the generation of electric 
power, and the supply of public drinking water following adequate treat
ment. In recent years, however, the implementation of pollution abatement 
programs such as the construction of wastewater treatment facilities has 
served to improve the water quality of the Merrimack River and its major 
tributaries. As a result, a number of uses for the river and/or its 
environs have recently been realized or proposed. These are discussed 
along with the more traditional uses in the following sections. 

Public Water Supply: 

Communities within the Merrimack River drainage rely on both surface and 
ground water for the supply of public drinking water. Some towns such as 
Methuen and West Newbury purchase water from neighboring communities. 
Treated water from the Merrimack River is used for public supply in Andover 
(following diversion through a surface reservoir), Lawrence, Lowell, and 
Methuen (purchased from Lawrence). A new water treatment plant, designed 
with a 10 MG □ capacity, for the town of Methuen commenced operation during 
the winter of 1982. In addition, plans have been formulated for the 
construction of a facility to treat up to 6.0 MGO of water from the 
Merrimack River for distribution to the residents of the town of Tewksbury. 
The town of Tyngsborough is the only municipality in the Massachusetts por
tion of the Merrimack River Basin that has no public water supply. 
Residents of Tyn§sborough rely wholly on private wells for domestic use. A 
complete list of existing and proposed municipal water supplies, adapted 
from a report by the Division of Water Resources (December, 1981), is pre
sented in Table 2. 

Fisheries: 

Finfish - Anadromous fish such as the Atlantic salmon (Salmo salar), and 
American shad (Alosa sapidissima), as 1vell as numerous resident freshwater 
species were once abundant in the Merrimack River drainage system. With 
the construction of dams at Lowell and Lawrence and the degradation of 
water quality in the Merrimack River, the anadromous fisheries virtually 
disappeared and freshwater fish generally associated with clean water were 
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MUNICIPALITY 

Amesbury 

Andover 

Chelmsford 

U7 
Dracut 

Dunstable 

Groveland 

Haverhill 

Lawrence 

Littleton 

Lowell 

* data unavailable 

TAGLE 2 

MERRIMACK RIVER BASIN 

MUNICIPAL WATER SUPPLIES 

SOURCE(S) 

SAFE 
YIELD 
(MGll) TREATMENT 

Powwow River 
Lake Attitash 
Tuxbury Pond 
2 1;e l ls 

Fi sh Brook and 
Merrimack River via 
Haggett's Pond 

2il wells 

7 we 11 s 

9 wel Is 

1 well 

Millvale Reservoir 
Kenoza Lake 
Crystal Lake 
Johnson Pond 
Chadwick Pond 

Merrimack River 

3 wells 

Merrimack Rive,· 

--* 

12.0 

7.04 

3.18 

0.14 

0.54 

8.7 

>60 

1. 4S 

* 

yes 

yes 

no 

no 

no 

yes 

yes 

yes 

yes 

yes 

PROPOSED 
SOURCES 

l\clditional wells 

Wells in Parker River 
Watershed 

Merrimack River 
Little River 



TABLE 2 (CONTINUED) 

SAFE 
YIELD PROPOSED 

MUNICIPALITY SOURCE ( S) (MGD) TREATMENT SOURCES 

Merrimac Sargeant Wellfield 0.5 no Renew E. Main Street 
Wel lfield 

Methuen Lawrence Water Department yes Merrimack River; 
A 10.0 mgd water 
treatment plant was 
recently completed 

Newbury 12 wells 0.23 no Groundwater explora-
tion; Parker River 

Newburyport Lower and Upper Artichoke 1.1 yes New reservoir for 
Reservoirs regional supply 

"' 
2 wells 1.2 

2.3 

North Andover Lake Cochichewick 3.0 yes Groundwater 
2 wells (emergency) 1.0 

4.0 

Salisbury 4 wells 2.2 yes Groundwater 

Tewksbury 15 wells no A 6.0 mgd water 
treatment plant on 
the Merrimack River 
is proposed 

Tyngsborough Private wells 

Westford 5 wells 2.8 yes 

west Newbury Newburyport Groundwater 

SOURCE: Division of Water Resources (1981) 



replaced by pollution tolerant species that were of little sport or commer
cial value. Many tributaries to the Merrimack River, however, continued to 
support both warm- and cold-water fisheries. Table 3 presents water bodies 
within the river basin to which trout are released by the Massachusetts 
Division of Fisheries and Wildlife. Major bass fishing ponds include Flint 
Pond and Althea Lake in Tyngsborough, and Massapoag Pond in Dunstable. In 
addition, Flint Pond was stocked with muskie (Esox masquinongy) in 1980, 
Lake Attitash, situated in the towns of Merrimacand Amesbury is known to 
contain northern pike (Esox lucius). 

Recent water quality improvements in the main stem Merrimack River and 
strong public interest have prompted the development of a program whereby 
anadromous fisheries, particularly the Atlantic salmon, would be restored 
to the Merrimack River watershed. This program involves the cooperative 
efforts of the Commonwealth of Massachusetts, State of New Hampshire, 
United States Fish and Wildlife Service, and National Marine Fisheries 
Service. The long-range plan includes continued efforts to abate water 
pollution, provision for adequate fish passage around existing dams, and 
the protection of spawning habitat. For further information refer to A 
Strategic Plan for the Restoration of Atlantic Salmon to the Merrimack
River Basin (U.S. Fish and Wildlife Service, 1979). 

Shellfish - One of the most devastating impacts resulting from water 
quality degradation in the Merrimack River was on the shellfish industry 
located in the estuary. A recent report published jointly by the 
Massachusetts Department of Environmental Quality Engineering (MDEQE) and 
the Merrimack Valley Planning Commission (MVPC) describes the tidal flats 
of the Merrimack River estuary and presents a historical record of their 
annual production. The shellfish beds, located in over 850 acres of tidal 
flat, yielded almost 100,000 bushels of soft shell clams annually around 
the turn of the century. Worsening water quality conditions led to the 
closure of some clam beds as early as 1925. By the 1950's and 60's annual 
production had decreased to a few hundred bushels. A preliminary shellfish 
inventory conducted as a part of the MDEQE and MVPC sanitary survey of the 
Merrimack River estuary in 1980 indicates the presence of an abundant clam 
population with a commercial value of up to several million dollars 
annually. 

In anticipation of steadily improving water quality conditions both 
upstream as well as in waters around Newburyport and Salisbury, local 
shellfish management plans are being formulated in accordance with guide
lines established by the Division of Marine Fisheries. 

Recreation: 

The Merrimack River, downstream from the city of Haverhill and upstream 
from the dams at Lowell and Lawrence, is used for secondary contact 
recreation such as boating and fishing. Also, the Merrimack Valley 
Seaplane Base is located on the bank of the river in Methuen. A public 
bathing beach was maintained by the city of Lowell above the Pawtucket Dam 
until 1965 when it was closed due to the worsening condition of the river. 
In response to recent water quality improvements, however, the construction 
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TABLE 3 

MERRIMACK RIVER BASIN 

TROUT-STOCKED WATERS 

MUNICIPALITY 

Amesbury 

Chelmsford 

Dracut 

Dunstable 

Haverhill 

Littleton 

Merrimac 

Methuen 

Tyngsborough 

Westford 

WATER BODY 

Back River 
Powwow Rf ver 
Bailey's Pond 

Crooked Springs Brook 
Deep Brook 
Stony Brook 

Beaver Brook 
Richardson Brook 

Salmon Brook 
Lake Massapoag 

Little River 
East Meadow Brook 
Millvale Reservoir 
Lake Pentucket 
Saltonstall (Plug) Pond 

Beaver Brook 
Bennetts Brook 

Cobbler Brook 

Spicket River 
Bartlett Brook 
Forest Lake 

Bridge Meadow Brook 

Keyes Brook 
Reed Brook 
Stony Brook 
Long Sought-for-Pond 

SOURCE: Massachusetts Division of Fisheries and Wildlife 
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of a new bath house is being considered by the Lowell Heritage State Park 
near the site of the old bathing beach. Other state recreational areas 
within the Merrimack River Basin include the Lowell-Dracut State Forest 
(796 acres), and the Salisbury Beach State Reservation (520 acres). 

The Merrimack River estuary offers the potential for swimming, water skiing, 
and fishing as well as harboring larger ocean-going pleasure craft. 
Primary contact recreation will increase as pollution problems in Salisbury 
and Newburyport are corrected. 

In July 1980, reports entitled Recreation and oeen Space Opportunities 
Associated with Water Cleanup were published jointly by the MDEQE and both 
the Northern Middlesex Area Commission (Volume 7), and the Merrimack Valley 
Planning Commission (Volume 8). These reports present plans for utilizing, 
where possible, available space on or near major sewerage system lines or 
wastewater treatment facility sites for recreational purposes. Examples 
include bikeways or foot paths along major interceptor routes and picnic 
facilities or tennis courts at treatment facility locations. This multiple 
use concept has been successfully applied in the city of Lowell. A bikeway 
has been constructed along the Merrimack River above major interceptors of 
the new Lowell sewerage system. Others are designed into future intercep
tors as well. For specific recommendations to other municipalities, refer 
to the volumes cited above. 

Wildlife Management: 

In 1925 the Federation of New England Bird Clubs donated two Merrimack 
River island sanctuaries in Salisbury to the Commonwealth of Massachusetts. 
These sanctuaries, maintained by the Division of Fisheries and Wildlife, are 
the Isaac Sprague Bird Sanctuary (110 acres) located on Carr Island, and 
the Ram Island Wildlife Sanctuary (20 acres). Although located primarily 
within the Parker River drainage area, portions of the Parker River 
National Wildlife Refuge on Plum Island lie adjacent to the Merrimack 
estuary drainage. This refuge consists of 4,650 acres of sand dunes, salt 
marsh, freshwater marsh, and glacial upland. Also included are six miles 
of ocean beach along the eastern side of Plum Island. Bird activity on 
this refuge and the two aforementioned state sanctuaries is highlighted by 
the migration of shorebirds during summer months and concentrations of 
waterfowl throughout the winter. Occasional heavy concentrations of 
swallows occur at the Parker River Refuge, as well. 

Indu_stry and Hydropower: 

Major industrial water use in the Merrimack River Basin occurred at the 
height of the industrial revolution. Today, the river is used as a source 
of some industrial process water and non-contact cooling water. Those 
industries requiring high quality process water often rely on municipal 
water supplies rather than river water, The Merrimack River continues to 
be used for hydroelectric power generation by industries located on the 
canal systems in Lowell and Lawrence, In addition, a 15 megawatt 
hydroelectric installation, owned by Lawrence Hydroelectric Associates, has 
been completed at the Essex Dam in Lawrence. A similar project is being 
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planned by Boott Mills and proprietors of the locks and canals on the 
Merrimack River at the Pawtucket Falls Dam in Lowell. Both projects 
include the placement of devices to allow for the passage of fish around 
the dams. Projects such as these demonstrate renewed interest in har
nessing the river's energy for power generation and, at the.same time, 
enhancing other uses of the river. 

Massachusetts Water Quality Standards 

Water quality standards for the Commonwealth of Massachusetts were 
published by the Division of Water Pollution Control in 1967. Major revi
sions were published in May, 1974, September, 1978, and January, 1985. 
The standards include both the assignment of existing or anticipated water 
uses to the surface waters within the Commonwealth, and pertinent defini
tions and criteria to be met in order to achieve the water use goals. A 
copy of the Massachusetts Water Quality Standards is presented in Appendix 
1 of this report. These standards are scheduled to be revised again in the 
near future by the MDWPC. The updated standards will define future objec
tives of the state's water quality management planning program for the river 
basins and coastal waters throughout Massachusetts. 

The 1975 Water Quality Management Plan for the Merrimack River Basin, 
published by the MDWPC, assigned future water use classifications to the 
Merrimack River and its tributaries that were consistent with the 1974 
revisions to the Massachusetts Water Quality Standards. At that time, por
tions of the Merrimack River were designated Class C or SC waters. The 
1978 standards, however, upgraded the entire river system to Class B or SB 
except for public water supplies which were designated Class A and the 
Basin in the Merrimack River ·estuary which was designated Class SA. The 
current Merrimack River Basin water use classification is presented in 
Table 4 and Figure 3. 
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TABLE 4 

MERRIMACK RIVER BASIN 

WATER USE CLASSIFICATION 

BOUNOARY MILE POINTS 

Merrimack River 

State Line to confluence 49.8 - 21.9 
with Creek Brook 

Creek Brook confluence to 21.9 - 0.0 
Atlantic Ocean 

The Basin in the Merrimack 
River Estuary, Newbury and 
Newburyport 

Stony Brook 

Entire Length 

Beaver Brook 

State Line to confluence 

Spicket River 

State Line to Route 28 
Bridge 

Route 28 Bridge to con
fluence with Merrimack 
River 

10.3 - 0.0 

4.2 - o.o 

6.4 - 2.8 

2.8 - 0.0 

CLASSI
FICATION 

B 

SB 

SA 

B 

B 

B 

B 

DESIGNATED USES 

Warm Water Fishery 
Recreation (P&S) 

Marine Fishery 
Shellfishing (R) 
Recreation (P&S) 

Marine Fishery 
Shellfishing (0) 
Recreation (P&S) 

OTHER RESTRICTIONS* 

Cold Water Fishery (Sn) Regulation 4.2 
Recreation (P&S) 

Coldwater Fishery (Sn) 
Recreation (P&S) 

Regulation 4.2 

Cold Water Fishery (Sn) Regulation 4.2 
Recreation (P&S) 

Warm Water Fishery Regulation 4.2 
Recreation (P&S) 



TABLE 4 (CONTINUED) 

CLASSl-
BOUNDARY MILE POINTS Fl CATION DESIGNATED USES OTHER RESTRICTIONS* 

Little River 

State Line to confluence 4.3 - o.o B Cold Water Fishery (Sn) Regulation 4.2 
with Merrimack River Recreation (P&S) 

Cobbler Brook 

Entire Length 3.7 - 0.0 B Cold Water Fishery (Sn) Regulation 4.2 
Recreation (P&S) 

Powwow River 

Fresh water portion 6.4 - 1.3 [l Cold Water Fishery (Sn) Regulation 4.2 
Recreation (P&S) 

N Tidal portion 1.3 - 0.0 SB Marine Fishery N 

Shel lfi shi ng (R) 
Recreation (P&S) 

Plum Island River 

Entire Length 3.6 - 0.0 SA Marine Fishery Regulation 4.4 
Shellfishing (0) 
Recreation (P&S) 

Haggetts Pond to its A Public Water Supply 
outlet in Andover, those 
tributaries thereto and 
Fish Brook 

Lake Cochichewick to its A Public Water Supply 
outlet in North Andover 
and those tributaries 
thereto 



N 
w 

TABLE 4 (CONTINUED) 

BOUNDARY 

Millvale Reservoir to its 
outlet in Haverhill and 
those tributaries thereto 

Crystal Lake to its outlet 
in Haverhill and those 
tributaries thereto 

Kenoza Lake to its outlet 
in Haverhill, and those 
tributaries thereto 

Johnson's Pond to its 
outlet in Haverhill and 
those tributaries thereto 

MILE POINTS 

Other surface waters-· in the 
Merrimack River Drainage 
Area subject to the rise 
and fall of the tide unless 
otherwise denoted above 

Other surface waters in the 
Merrimack River Drainage 
Area unless otherwise 
denoted above 

CLASS!-
Fl CATION 

A 

A 

A 

I\ 

SB 

B 

* Regulation 4.2 - Protection of High Quality Waters 
Regulation 4.3 - Protection of Low Flow Waters 
Regulation 4.4 - Natural Resource Waters 

P&S - Primary and Secondary Contact Recreation 
R - Restricted 
O - Open 
Sn - Seasonal 

DESIGNATED USES 

Public Water Supply 

Public Water Supply 

Public Water Supply 

Public Water Supply 

OTHER RESTRICTIONS* 

Regulation 4.2 

Regulation 4.3 
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Div ide 

KILOMETERS 
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RIVER BASIN 
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III. PHYSICAL DESCRIPTION OF THE MERRIMACK RIVER WATERSHED 

Physiographic Delineation 

The Merrimack River is formed in central New Hampshire by the confluence of 
the Pemigewasset and Winnipesaukee rivers. The Pemigewasset River begins 
in the White Mountains, an area of rugged terrain with steep slopes and 
peaks reaching elevations of 4,000 to 5,000 feet above mean sea level. The 
source of the Winnipesaukee River is the lake of the same name which is the 
second largest lake situated entirely within New England. The main stem of 
the Merrimack River flows southward for approximately 66 miles to the New 
Hampshire-Massachusetts state line through an upland region characterized by 
topographic relief from 400 to 800 feet and covered with large expanses of 
hemlock-white pine-northern hardwood forest. Ten miles further downstream, 
near the city of Lowell, Massachusetts, the Merrimack River turns to the 
northeast and flows an additional 40 miles to the city of Newburyport where 
it empties into the Atlantic Ocean. 

The Merrimack River drainage area, fourth largest in New England, consists 
of a total of 5,010 square miles of land area in New Hampshire and 
Massachusetts. It is circumscribed by the Connecticut River drainage to 
the north and west, the Rhode Island-Massachusetts coastal drainage (i.e., 
the Ipswich-Parker, Charles, Mystic, and Blackstone river basins) to the 
south, and the Piscataqua and Saco drainage basins to the east. Only 24 
percent, or approximately 1,200 square miles, of the Merrimack watershed 
are located within the Commonwealth of Massachusetts. 

Major sub-watersheds situated within the Massachusetts portion of the 
Merrimack River drainage basin are the Sudbury-Assabet-Concord (SuAsCo), 
Shawsheen, and Stony Brook. Tributaries to the Merrimack River in 
Massachusetts that also drain portions of New Hampshire include the Nashua, 
Spicket, Little, and Powwow rivers, and Beaver Brook. Table 5 presents 
these tributaries with their drainage areas and the Merrimack River mile 
point at which the confluence is located •. 

From the state line to the Merrimack estuary, a distance of 50 miles, the 
river drops 90 feet in elevation. This fall includes flow over dams in the 
cities of Lowell and Lawrence. A river elevation profile is presented in 
Figure 4. Also included in this figure is a plot of river mile vs. 
drainage area which. demonstrates the relative contribution of each tribu
tary drainage system to the total Merrimack River watershed area. 

The maximum length of the Merrimack River estuary is nine miles. It drains 
approximately 4,200 acres of saltwater marsh. The surface area of the 
estuary at mean low water is 3.3 square miles and at mean high water it is 
6.2 square miles. The rise and fall of th•·ocean tide extends 22.miles 
upstream to the city of Haverhill. 

A detailed description of the bedrock and surficial geologies of the 
Merrimack River basin in Massachusetts is presented in Appendix I-A of the 
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TABLE 5 

THE MERRIMACK RIVER BASIN 

MAJOR TRIBUTARIES AND DRAINAGE AREAS 

TRIBUTARY 

Powwow River 

Little River 

Shawsheen River 

Spicket River 

Concord River 

Beaver Brook 

Stony Brook 

Nashua River 

TOTAL DRAINAGE AREA 
(sq. mi.) 

58 

30 

78 

78 

406 

114 

51 

530 

* at confluence with tributary 
** confluence is at Nashua, New Hampshire 
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MERRIMACK 
RIVER MILE* 

6.4 

18.9 

27.1 

27.4 

38.0 

39.l 

42.6 

54.8** 
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report entitled Merrimack Wastewater Management - Key to a Clean River 
published in November, l974 by the U.S. Army Corps of Engineers as a part 
of their Northeastern United States Water Supply Study. Most bedrock 
described from the study area is of Paleozoic origin or older. The predom
inant geologic material overlying the bedrock is glacial till. The average 
depth of the till, however, is less than 20 feet. The Corps report sum
marizes both the findings of earlier geological investigations reported in 
the literature, as well as 20 new site evaluations conducted specifically 
for the wastewater management study. For a detailed account of the find-
1ngs of these studies, the reader is invited to consult the Corps report. 

A total of 4,012 acres in the Merrimack River Basin in Massachusetts are 
covered by more than 75 lakes and ponds ranging in size from one acre to 
over 500 acres. Table 6 lists the lakes and ponds in the watershed that 
exceed one hundred acres. 

Climate 

The temperate climate of the Merrimack River drainage basin is typical of 
the entire New England region. It is characterized by mild summers, cold 
winters, and abundant precipitation that is rather evenly distributed 
throughout the year. Average monthly air temperatures in January and July 
are 26°F and 71°F, respectively. The average annual rainfall is approxi
mately 41 inches. 

The maritime location of the Merrimack River watershed exposes it to 
periodic tropical storms and "northeasters." Occasionally a hurricane may 
move into the region and cause considerable damage from strong winds and 
flooding. A summary of flood control projects undertaken to date in the 
Merrimack River basin is presented in a report entitled Water Resources 
Development in Massachusetts 1981 by the New England Division of the U.S. 
Army Corps of Engineers. These projects include local protection in the 
form of dike, floodwall, or pumping station construction, and/or channel 
rehabilitation, in Lowell, Haverhill, and Amesbury. 

The National Oceanic and Atmospheric Administration in Asheville, North 
Carolina collects and publishes climatological data from a number of sites 
throughout New England on a monthly basis. Included are precipitation 
data from Lowell, Lawrence, Haverhill, and Newburyport as well as numerous 
sites in New Hampshire. Rainfall records from dates prior to and during the 
1981 MDWPC water quality surveys of the Merrimack are presented in the 1981 
water Quality Survey Data Report publishEid in January, 1982. 

Hydrology 

Much of the following information was derived from the U.S. Geological 
Survey Atlas HA-616 entitled ~drology and iitater Resources of the Lower 
Merrimack River Basin. Massacusetts, from Concord River, Lowell, to Plum 
Island, Newburyport by Gay and Delaney (1980). Approximately 60 percent of 
the rain that falls on the Merrimack River drainage area, or nearly 25 
inches per year, flows as surface runoff directly to lakes and streams. 
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TABLE 6 

MERRIMACK RIVER BASIN 

LAKES AND PONDS EXCEEDING 100 ACRES 

LAKE MUNICIPALITY 

Lake Cochichewick North Andover 

Lake Atti tash (Kimba11s Pond) Amesbury 

Kenoza Lake Haverhi 11 

Haggetts Pond Andover 

Mascuppic Lake (Marcuppick Dracut/Tyngsborough 
Lake, Tyngs Pond) 

Forge Pond Westford/Groton/Littleton 

Johnsons Pond Groveland 

Crystal Lake (Creek Pond) Haverhill 

Long Pond (Lake Passaconaway) Dracut/Tyngsborough 

Chadwicks Pond Haverhi 11 

Upper Artichoke Reservoir West Newbury 

Nabnasset Pond Westford 

Long Sought-for Pond Westford 

29 

AREA 
(acres) 

555 

335 

287 

214 

209 

198 

180 

165 

163 

161 

117 

115 

1'J6 



The remainder either percolates through the soil.to the ground water or is 
lost to the atmosphere through evapotranspiration. In winter months water 
is stored in the form of ice and snow and later released in abundance 
during the months of March and April. Therefore, whereas the amount of 
precipitation remains fairly constant throughout the year, surface runoff, 
and ground water levels exhibit seasonal variations. 

The U.S. Geological Survey (USGS) maintains a flow monitor on the 
Merrimack River i11111ediately downstream from the confluence of the Concord 
River in Lowell. The average discharge at this gage over 57 years of 
record is 7,467 cubic feet per second (cfs), and the seven-day, ten-year 
low flow is approximately 940 cfs. Table 7 presents pertinent information 
such as locations, drainage areas, and past flow records for selected USGS 
discharge monitors in the Massachusetts portion of the Merrimack River 
watershed. 

The quantity of flow in the Merrimack River is not dependent solely upon 
the climatic conditions cited above. Upstream flow additions such as 
wastewater discharges and releases from reservoirs or impoundments, as well 
as water withdrawals and diversions all have a direct impact on the river 
flow at downstream locations. Furthermore, a complex interaction between 
surface and groundwater exists in the river system that ls difficult to 
quantify but may have a significant effect on stream flow. 

Upstream water diversions to the Metropolitan (Boston) District Corrmission 
(MDC) and/or the city of Worcester occur, as needed for public water supply, 
from 210 square miles of drainage area in the South Nashua and Sudbury 
River watersheds, both of which are tributary to the Merrimack River. 

As a part of their River Basin Planning Program, the Division of Water 
Resources (Massachusetts Department of Environmental Management) have com
piled a list of transfers of both clean water for domestic use and 
wastewater across major watershed boundaries that occur in Massachusetts. 
Interbasin transfers that occur between the Merrimack River Basin and 
neighboring watersheds are summarized in Table 8 and depicted in Figure 5. 
It is important to note, however, that, in many cases, water originating 
within the Merrimack River Basin is distributed outside the basin for use 
and then pumped back into the basin in the form of sewage for treatment 
and disposal. Therefore, there is actually little net transfer of water 
into or out of the Merrimack River watershed. Furthermore, no attempt 
has been made to quantify the interbasin water transfers for the Merrimack 
River Basin. It is sufficient to note here that the magnitude of flows 
across the drainage area boundaries are small and relatively insignificant 
with respect to the hydrology of the Merrimack River. 

Two dams (see Table 9) exist on the main stem of the Merrimack River in 
Massachusetts. The Essex Darn in Lawrence and the Pawtucket Darn in Lowell 
were both originally constructed in the mid to late 1800's to supply water 
through canal systems for hydroelectric power generation. These canal 
systems and power generators served large industrial complexes located 
along the banks of the Merrimack River in both cities. Most of the 
industrial water use was nonconsumptive and, therefore, the canal systems 
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USGS Gage Number: 

River: 

Town or City: 

Drainage Area (mi .2): 

Peri ad of Record (years): 

Average Discharge (cfs): 

Extremes for Period of Record: 

Maximum Discharge (cfs) 
Date 

Minimum Discharge (cfs) 
Date 

7-day, 10-year low flow (cfs): 

TABLE 7 

USGS FLOW MONITORS IN THE 

MERRIMACK RIVER BASIN 

01100000 

Merrimack 

4,635 total 
4,425 net 

58 

7,467 

173,000 
3-20-36 

199 
9-23-23 

938 

01096 500 

Nashua 

East Pepperell 

433 total 
316 net 

46 

561 

20,900 
3-20-36 

1.1 
8-13-39 

60 

01099500 

Concord 

Lowell 

405 total 
312 net 

45 

624 

5,410 
1-28-79 

4.0 
9-29-57 

31. 5 

01100600 

Shawsheen 

Wilmington 

36.5 

18 

58. 3 

1,660 
1-26-79 

1. 2 
8-31J to 9-4-60 

2.1 



TABLE 8 

MERRIMACK RIVER BASIN 

INTERBASIN TRANSFERS OF SEWAGE AND PUBLIC WATER SUPPLY 

WATER SUPPLY TRANSFERS 

Diversions into basin: Diversions out of basin: 

Littleton (Assabet) to Westford 

Ayer (Nashua) to Littleton 

Groveland (Parker) to Haverhill 

Groveland (Parker) to West Newbury 

Littleton to Boxborough (Assabet) 

Littleton to Acton (Assabet) 

Haverhill to Groveland (Parker) 

Newburyport to Newbury (Parker) 

SEWAGE TRANSFERS INTO AND OUT OF THE MERRIMACK BASIN 

Source of Sewage 

Andover (Shawsheen) 

Lawrence (Shawsheen) 

Lowe 11 (Concord) 

Newbury (Parker) 

Newburyport (Parker) 

North Andover (Ipswich) 

Ayer (Merrimack) 

Origin of Water 
Supply (Basin) 

Merrimack 

Merrimack 

Merrimack 

Parker 

Merrimack 

Merrimack 

Merrimack and 
Nashua 

Destination of Sewage 

Greater Lawrence WWTP 

Greater Lawrence WWTP 

Duck Island (Lowell) WWTP 

Newburyport WWTP 

Newburyport WWTP 

Greater Lawrence WWTP 

Ayer WWTP (Nashua) 

SOURCE: Massachusetts Division of Water Resources (1981) 

32 



w 
w 

~ 

N 
71.-,; 
I 

l 

(81) 
GA, 

-"-~-
Ii 
I 
I 

' ARV4.RD.. / 

'1 

;'\ ')I 
-, I~ \I 

',l 

TYNGSBOAOUGH 

MERRIMACK RIVER BASIN 

~(91) ? 

/ ' .r~ / ........ r-
/ " ./ . /--

_(;,.# GEORGETOWN / 

/ \ M''""'" ,f ft/ -- ~ ... ~~ I / 
I / 
L-~.,: 

BOXFORD -..._ 

_ .. ~rA \ -~'- ', 
\c•w•ENCE \ .. ~ 
~ \ NORTH ANDOVER 

~ov••~l (83)\ 
-......... ---..... .., 
..... , '-....' ..._. Transfer from the Source 

of a Water Supply ''1------..--J ·,I' .... -' 
~ ..... --"' ( 8 2) '--.._ IITEWKSBUOY 1.,,..r , -l CHELMSFORD I".... \ 

-NI Sewage Transport to a 
Wastewater Treatment Facility ......... , \ 

,# \ 

..e.. ---A"- ✓ 
"• I 'UlTLETON j 

' 'y/ 
7 BOABONOUGH 

I 

\ 
,\ 

' . . """--~==~---, ~MILES 

---- Basin/Drainage Divide 

Figure 5 
4 • 

·-"-=--iii KILOMETERS INTERBASIN TRANSFERS OF 
SEWAGE & WATER SUPPLY SYSTEMS 



TABLE 9 

MERRIMACK RIVER BASIN 

EXISTING DAMS ON THE MAIN STEM IN MASSACHUSETTS 

Name: Pawtucket ~ 

Municipality: Lowell Lawrence 

River Mile: 39.9 28.5 

Date of Construction: 1875* 1848 

Spillway Length (feet): 1,068 900 

Height of Dam (feet): 5-15 30 

Flashboard Height (feet): 4-5 4-5 

• Existing dam is the third one at this site 
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released most of the water that had been diverted away from the river back 
to the main channel at several downstream locations. Excellent descrip
tions of the dams and canal systems in Lowell and Lawrence are presented in 
a report entitled Fish Passage Facilities Design Parameters for 
Merrimack River Dams - Essex Dam, La1,rence Massachusetts and Pawtucket Dam, 
Lowell, Massachusetts by P.J. Dalley of the U.S. Fish and Wildlife Service 
(1975). A brief description of the canal systems obtained from the above 
cited report is given below. 

The Lawrence canal system consists of a North Canal and a South Canal with 
maximum carrying capacities of 2,951 cfs and 905 cfs, respectively. The 
North Canal joins with the Spicket River before flowing back into the 
Merrimack River approximately one mile downstream from the Essex Dam. The 
South Canal enters the Merrimack River at a point approximately one-half 
mile downstream from the dam. 

The Lowell system, more complex than that of Lawrence, consists of two main 
canals: the Pawtucket and the Northern. The Pawtucket Canal, however, 
branches to form a total of five canals, some of which are connected again 
at the downstream end. The Western Canal links the two main canals. Most 
of the canals empty back into the Merrimack River at various locations 
along its edge, usually from channels running underneath the mill complexes. 
The Lower Pawtucket Canal, however, empties into the Concord River which 
joins the Merrimack River further downstream. The maximum capacity for the 
entire canal system is approximately 7,000 cfs. The Lowell mi 11 complex 
and canal system are now part of the Lowell Urban National Cultural ·Park. 

Some of the individual hydropower generation units are still in use in the 
two cities. In addition, small amounts of water are withdrawn from the 
canals for industrial process use or cooling water. A new hydroelectric 
installation is in operation at the Essex Dam in Lawrence and another is 
being planned for the Pawtucket Dam in Lowell. 

Stream time of passage information is available for the main stern Merrimack 
River in New Hampshire and Massachusetts in the Report on Pollution of the 
Merrimack River and Certain Tributaries - Part II - Stream Studies- Physical, 
Chemical, and Bacteriological (1966) prepared by the Federal Water Pollution 
Control Administration (FWPCA). Field time of travel studies were conducted 
using a Rhodamine B dye tracer and fluorometer on the main stem of the 
Merrimack River and selected tributaries. Using the results of many time 
of travel surveys that were conducted at various flows, a series of time 
vs. river mile plots were developed. These plots are useful for predicting 
the approximate times that a pollutant or other component of the river 
water would take to arrive at a downstream location. This information is 
especially important in the case of the Merrimack River where a number of 
water supply intakes exist along the river that could be impacted by the 
upstream release of a potentially harmful contaminant. 

Figure 6 presents a series of time of travel plots that were adapted from 
the FWPCA studies. Curves are depicted for river flows (USGS, Lowell) 
ranging from 1,000 cfs, which is approximately the seven-day ten-year low 
flow, up to 10,000 cfs. Although the cumulative time of travel is plotted 
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beginning at the state line, travel times between intermediate points are 
easily determined by subtracting the upstream time from the downstream 
time. 



... .... 

16.0 

14.0 

12.0 

-,. 0 

~ 
10.0 

w 
:. 
i= 
...I 
l&J 8.0 > 
<I 
0: 
f-

l&J 
> 6.0 
i= .. 
J 
:, 
:. 
:, 

4.0 u 

2.0 

/ 
/ 

~000 
cfs 

1,500 
/ cfa 

// 2,000 
/ •✓ cf• 

// / 
/ • 3,000 

· / / ••• eta 
/ / .. 

1/ . .... ···· 
New Hampshire/ - / ,•· 

___ .__....... I •••••• 

.,,,- ---.·· 
_,, ---· •• •• 10,000 ✓/· ......• ••• __ .-cfs -~· ... •···················· _.-----· 

,--- :.-•······· ---------·--'-~~-- --·-
0 -fll-.:=··.:.;::.-;;_·_-_. ______ ...,.. _____ ~------------1 

50 40 30 20 10 0 Rl'IER 
MILES 

Adapted fn,m: FWPCA,1966 ----------------------------------DEOE·OWPC•TtJChnicol~SBront:h __ __ 
l..,.. __ F1_g_ur_e_6 __ .. 1 •1----C-U-M-UL.A:_T_IV-E ~~:;;;;,:~E:A;~-R-M-IL_E_S _____ J .. 



IV. THE ASSESSMENT OF WATER POLLUTION 

A workable definition of the term "water pollution" is difficult to for
mulate simply because pollution problems are extremely variable and site
specific. The word "pollute" literally means to "render impure"; however, 
a more acceptable definition of pollution must take factors into account 
such as the chemical, physical, and biological characteristics of natural 
water, the intended use of a receiving water, and an understanding of the 
nature and fate of a given pollutant after its introduction into a body of 
water. Regardless of how we choose to define it, water pollution involves 
the addition of certain characteristics to a water body which may render 
that water unfit for its intended utilization. Some of the more common 
forms of water pollution include: oxygen demanding organic wastes and 
sewage derivatives; man-made organic compounds such as pesticides, some 
industrial wastes, and inorganic toxic compounds; infectious disease pro
ducing agents; nutrients and sediments from land runoff; radioactive 
substances; oil and grease; and thermal discharges. In some instances, the 
combined effects of two or more contaminants are further enhanced by their 
interaction. In short, whether discharged from residences, institutions, 
or industries, each form of pollution has a characteristic effect on the 
water into which it is introduced. The receiving water may become un
sightly, malodorous, and/or a hazard to public health, and consequently 
its uses may be severely limited. 

Methods used for the assessment of water quality generally fall into three 
main categories: chemical, physical, and biological. Chemical analyses may 
include the determination of pH and alkalinity in addition to the con
centrations of various ions, metals, and dissolved gases such as oxygen, 
carbon dioxide and hydrogen sulfide. Physical parameters often measured 
are temperature, color, turbidity, and flow characteristics. Biological 
methods may be categorized as either field surveys which are an attempt to 
ascertain the numbers and kinds of aquatic organisms associated with 
various water qualities, or laboratory studies in which bioassays are con
ducted to determine the levels of toxicity of different chemical parameters 
for a given test organism. 

The parameters listed above are measured in most water quality surveys con
ducted by the Massachusetts Division of Water Pollution Control. Although 
no bioassay studies are done by the Division, the Biological Section con
ducts macroinvertebrate surveys on selected rivers and streams throughout 
the Commonwealth. In addition, microscopic examinations are conducted 
during most surveys to determine the abundance and kinds of algae and other 
microorganisms present in the water. Finally, bacterial samples are 
obtained and analyzed during each water quality survey. 

Two types of samples are collected for chemical analysis. A grab sample is 
an instantaneous sample collected to indicate water quality conditions at a 
particular time. Composite samples are coll.ected over a period of time at 
specific intervals. This method gives a better indication of the overall 
water quality situation during the sampling period. 
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Oxygen Relationships 

The dissolved oxygen (D.O.) in water refers to the uncombined oxygen held 
in solution and thereby made available to aquatic organisms for respira
tion. Sources of dissolved oxygen include atmospheric aeration and the 
direct addition of oxygen as the byproduct of chemical reduction reactions 
and algal photosynthesis. Whereas respiratory processes of aquatic organ
isms consume oxygen throughout the day and night, photosynthetic release 
of oxygen is restricted to the daylight hours. As a result, productive 
waters exhibit a characteristic diurnal variation in dissolved oxygen con
centration. The solubility of oxygen (02) in water is primarily a function 
of water temperature and the atmospheric partial pressure of oxygen. 
Saturation levels at standard pressure (760 mm Hg) range from 14.6 mg/1 02 
at o•c to 6.6 mg/1 02 at 40°c. 

Organic matter is introduced to a river or stream either as the result of 
natural phenomena, such as the deposition of leaves and other plant 
materials in autumn, or by the discharge of pollutants resulting from human 
related activities. Regardless of its origin, organic matter is gradually 
decomposed by bacteria which utilize the available dissolved oxygen in the 
water. Therefore, the ability of a stream segment to assimilate these 
organic materials, that is, its waste assimilative capacity, is dependent 
upon the amount of dissolved oxygen present in the water. In many instances, 
the assimilation of large amounts of organic wastes severely depletes the 
oxygen concentration in the water body rendering it unsuitable for the exis
tence of aquatic organisms such as invertebrates and fish. 

The biochemical oxygen demand (BOD) is a measure of the amount of oxygen 
required by bacteria to decompose a given amount of organic matter. This 
decomposition process occurs in two distinct steps each governed by a spe
cific kind of bacteria. During the first step, or carbonaceous stage, car
bon compounds are stabilized with a concurrent release of carbon dioxide. 
The second stage, nitrification, begins approximately seven days later and 
is the process by which nitrogenous substances are broken down to ammonia 
and ultimately to nitrate. The total combined oxygen demands of both sta
ges is the ultimate BOD which may be exerted over a period of thirty days 
or more. Through-recurrent use, the five day BOD (BDD5) has been accepted 
as the standard test used in water quality analysis. While the BDD5 of 
untreated sewage normally ranges from 150 to 300 mg/1, the BOD5 of an 
unpolluted water rarely exceeds 2 mg/1. 

Some types of organic wastes are not readily broken down by bacteria but 
can be decomposed by chemical processes. ·The chemical oxygen demand (COD) 
refers to the amount of oxygen required for the dichromate oxidation of a 
given amount of organic matter. Since some organic matter in any waste is 
not biodegradable, the COD is usually greater than the BOD. 
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Nutrients 

Nutrients are substances that are essential to the growth or reproduction 
of organisms. In aquatic habitats algae and macrophytes rely on dissolved 
nitrogen and phosphorus compounds as nutrients and, as such, these substances 
are not harmful at low concentrations. Wastewater discharges often contain 
large amounts of carbon, nitrogen, and phosphorus containing compounds. 
Excessive nutrient loading of a water body increases plant production. As 
a result of this increased productivity, rapidly multiplying algal popula
tions or "blooms" occur which may severely limit the potential use of the 
water. In many instances a high oxygen demand is exerted by the decomposing 
algae resulting from a sudden dieback. 

Nitrogen compounds exist in water in a variety of forms. They may occur as 
cellular components, particulate matter, soluble organic substances or 
inorganic ions. These different forms and their interrelated chemical 
reactions are collectively known as the nitrogen cycle. Organic nitrogen 
in the form of protein, amino acid, or urea occurs in water containing 
organic wastes. Oxidation and reduction of these nitrogenous compounds are 
closely linked to the metabolic activity of many kinds of microorganisms. 
As described above, nitrification is tied to bacterial action, and is 
carried out by a fixed sequence of reactions through which ammonia, nitrite, 
and ultimately nitrate are produced. Therefore, the progress of decomposi
tion of organic nitrogen can be determined by assessing the relative amounts 
of these compounds. Ammonia (NH3) results from the initial decomposition 
of organic nitrogen and is always present in untreated sewage. It can also 
be formed by the reduction of nitrite. Ammonia exerts a high oxygen demand 
and is toxic to many aquatic organisms. Oxidation of ammonia yields 
nitrite (N□ 2-J which is quickly converted to nitrate (N03-J, the end product 
iirtnedecomposition of nitrogenous matter. Nitrate is the form of nitrogen 
that is directly available to algae and other aquatic plants as a nutrient. 

Phosphorus is present in water bodies in dissolved, colloidal, or par
ticulate states and originates primarily from agricultural runoff and 
wastewaters containing detergents. It may exist as orthophosphate, 
polyphosphate, or. in organic compounds. A.lthough phosphorus occurs in 
natural waters in smaller amounts than nitrogen, it is an essential plant 
nutrient. 

Coliform Bacteria 

Fecal coliform bacteria are found in the tntestinal tract of warm-blooded 
animals. Although not a serious health hazard by themselves, their pres
ence in water is a good indication that sewage and associated pathogenic 
microorganisms may be present. Since coliforms can be detected by rela
tively simple test procedures they are used to indicate the extent of bac
terial pollution from sewage and combined sewer overflows. Tests are 
usually conducted to determine the number of .fecal and total coliforms pre
sent in water or wastewater. The number of total coliforms includes those 
of fecal origin and from non-fecal sources such as soil, grain, or decaying 
vegetation. In areas where urban runoff is a problem, total coliform 
levels can be very high, whereas fecal coliform levels may remain minimal 
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as long as sewage is not present in the water. Often municipal wastes are 
disinfected at a treatment plant to kill bacteria before they are dis
charged to a receiving water. 

pH and Alkalinity 

The pH of water is a measure of its hydrogen ion (H+) concentration on an 
inverse logarithmic scale which ranges from Oto 14. pH values of less 
than 7 indicate higher H+ content and therefore acidic solutions whereas pH 
values above 7 denote alkaline solutions. The pH of pure water at 25°C is 
7.00; however, natural waters exhibit a wide range of pH values depending 
upon their chemical and biological characteristics. Unpolluted river water 
usually has a pH between 6.5 and 8.5. In productive segments, a diurnal 
fluctuation in pH may occur as photosynthetic organisms take up dissolved 
carbon dioxide during the daylight hours. Drastic changes in pH occur when 
industrial effluents containing strong acids er alkali are discharged to a 
water body. These pH shifts are sometimes toxic to aquatic organisms. 
Alkalinity is defined as the capacity of water to neutralize acid. This 
property 1s attributed to the presence of several different solute species. 
These are primarily carbonates and bicarbonates but also hydroxides, bo
rates, silicates, and phosphates. Alkalinity is expressed in milligrams per 
liter of equivalent calcium carbonate. 

Solids 

Suspended solids refers to the particulate matter that either floats on the 
surface of, or is in suspension in, water or wastewater, and is removable by 
laboratory filtering techniques. That matter remaining in the water after 
filtering is referred to as dissolved solids. Suspended solids in a stream 
may settle out in sluggishly flowing segments causing sediments to build up 
on the substrate. This siltation can be particularly harmful to fish eggs 
and larvae by hindering their mechanisms for obtaining oxygen from the 
water. Suspended solids analysis provides a reliable measure of the effi
ciency of wastewater treatment facilities. Primary treatment should remove 
about 50 percent of the suspended solids from an influent while 90 percent 
removal should result from secondary treatment. The test for total solids 
measures all suspended and dissolved solids in water. They are measured by 
evaporating the water from a sample of known volume and weighing the resi
due. This residue can then be ignited in a furnace to determine the orga
nic portion. Turbidity is a measure of the clarity of a water sample and 
is related to solids content. The laboratory test is based on the scat
tering and absorption of light by the sample and the results are expressed 
in Nephelometric Turbidity Units (NTU). , 

Color 

The color of natural water is primarily due to the leaching of organic 
debris and is empirically determined by comparing the sample with known 
concentrations of colored solution. It is then expressed in standard units 
of color. Severe color problems resulting •from a pollution discharge are 
described qualitatively rather than numerically. Although color may not be 
harmful to aquatic life, it may render the water unacceptable for drinking 
purposes and for some types of industrial use. 
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Other Parameters 

Depending upon specific river conditions, a water quality survey may 
include additional analyses such as those for oil and grease or heavy metal 
content. Grease in a wastewater consists of a mixture of fats, waxes, free 
fatty acids, calcium and magnesium soaps, mineral oils, and certain other 
nonfatty substances. 

Heavy metals are toxic to aquatic organisms when present in sufficient 
quantities. They may also have an adverse effect on sewage and industrial 
wastewater treatment systems. Metals that are often monitored are cadmium, 
chromium, copper, iron, lead, manganese, nickel, and zinc. 

Water Quality Index 

Designed by the National Sanitation Foundation (NSF) as a means of com
municating water quality trends to the general public in a simple, non
technical manner, the Water Quality Index (WQI) incorporates nine water 
quality parameters into a single numerical value on a scale from zero 
(poorest quality) to one hundred. To develop this index, a panel of over 
one hundred government, academic, and private water quality experts par
ticipated in an opinion poll which asked them to rank a number of physical, 
chemical, and microbiological parameters according to their relative signif
icance in the assessment of water quality. The nine most significant 
parameters were then assigned a weight (Wil based on their comparative 
importance. In addition, each individual parameter was represented graphi
cally on a one hundred point scale; higher values indicating better water 
quality. These water quality curves are used to assign a quality subindex 
(qi) for each measurement. Thus each raw data value is assigned a quality 
sul:iindex (qil and a certain unit weight (Wil· With these values the Water 
Quality Index is calculated using the following multiplicative equation: 

n Wi 
WQI = II qi 

i=l 

where WQI = Water Quality Index 

Qi quality index of the .i th parameter 

Wi unit weight of the i th parameter 

n = number of parameters 

The Technical Services Branch of the Division of Water Pollution Control 
(DWPC) has developed a modification of the WQI which can be applied to the 
rivers and streams of Massachusetts. The equation given above is utilized; 
however, some changes have been made in the input parameters. For this 
modified WQI water temperature deviation is eliminated, ammonia-nitrogen is
added and total phosphorus is substituted for phosphate. Wi values for 
these parameters remain the same as those they replaced. In addition, tur
bidity is expressed in nephelometric turbidity units (NTU) rather than 
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Jackson units. Finally, the water quality scale (qi) for fecal coliforms 
was adjusted to reflect the water quality standards of the Division more 
closely. This modification was necessitated by the fact that this para
meter carried too much weight in the calculation of the WQI. The curve 
does, however, remain within the 95% confidence limits originally 
established by NSF for this parameter. All nine parameters used in the 
DWPC modified index are presented along with their unit weight values in 
the table below. 

PARAMETER 

Dissolved Oxygen 
Fecal Coliform 
pH 
BOD5 
Nitrate-Nitrogen 
Ammonia-Nitrogen 
Total Phosphorus 
Turbidity 
Total Solids 

EXPRESSED AS: 

Percent Saturation 
Number per 100 ml 
Standard Units 
mg/1 
mg/l :~03-N 
mg/1 NH3-N 
mg/1 P 
NTU 
mg/1 

0.17 
0.16 
0.11 
0.11 
0.10 
0.10 
0.10 
0.08 
0.07 

In order to apply the WQI to the results of the Merrimack River surveys, 
water quality data were averaged over the sampling periods as follows. 
Average weekly (three days) water temperatures and dissolved oxygen data 
were used to calculate an average percent saturation value. For the 
remaining parameters data from the two chemical sampling dates were 
averaged to yield a single value for each parameter at each sampling loca
tion. After calculating the index, water quality was evaluated according 
to the following general scheme: 

WQI RANGE 

90-100 
70-90 
50-70 
25-50 
0-25 

WATER QUALi TY 

Excellent 
Good 
Fair 
Poor 
Very Poor 

The WQI was designed to give an instant general indication of water 
quality. Its limitations include the lack of consideration of such factors 
as toxic waste degradation and aesthetic qualities. Despite these limita
tions, the WQI is a useful tool with which to supplement the traditional 
water quality analysis. 
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V. SOURCES OF POLLUTION 

Wastewater Discharges 

For many years prior to the 1970's the water quality of the main stem of 
the Merrimack River in Massachusetts was adversely impacted by a number of 
pollution sources. These sources included large volumes of untreated sani
tary and industrial wastewater that were released to the river in the 
cities of Lowell, Lawrence, and Haverhill, and the addition of contaminants 
from polluted tributaries such as the Nashua River which flows into the 
Merrimack River in Nashua, New Hampshire, and the Concord River which joins 
the Merrimack River in the city of Lowell. 

By the early 1960's, poor water quality conditions were severely limiting 
the beneficial uses of the Merrimack River. As a result, a program was 
initiated to ameliorate water pollution problems in the river. Environ
mental legislation such as the Federal Water Pollution Control Act 
(PL92-500) provided funds for the construction of municipal wastewater 
treatment facilities and the elimination of most direct river discharges of 
untreated sewage or industrial wastes. Today, secondary wastewater treat
ment facilities are operating in Lowell, Lawrence, Haverhill, Amesbury, 
Merrimac, and Newburyport. Furthermore, many industries in these municipa
lities that formerly discharged wastewater to the Merrimack River now are 
tied into the municipal sewerage systems. More detailed information 
regarding past, present, and proposeG future pollution abatement activi
ties in the Merrimack River Basin can be found in Section VIII of this 
report. 

Treated and untreated wastewater discharges to surface waters in the Merri
mack River Basin are governed by permits which are co-issued by the United 
States Environmental Protection Agency (U.S. EPAl and the Massachusetts 
Division of Water Pollution Control in accordance with guidelines estab
lished as part of the National Pollutant Discharge Elimination System 
(NPDES). This system establishes levels of effluent quality to be main
tained at existing treatment facilities and outlines implementation sched
ules for meeting effluent limitations fa~ those discharges that contribute 
to water quality standards violations. 

Table 10 provides an inventory of the wastewater discharges which have been 
issued NPDES permits in the Merrimack River Basin. The inventory includes 
the source and type of discharge, the re~eiving water, and the expiration 
date. A number of NPDES permits have expired and have not yet been re
issued. However, in the past, the U.S. EPA has allowed dischargers with 
satisfactory performance and permit compliance records to continue to 
release wastewater according to the provisions of the old permit until a 
new one is issued. The U.S. EPA recently established a new Consolidated 
Permits Program which includes a new application form for NPDES permit 
requests. All dischargers holding outdated·permits were requested to file 
for renewal using the new application procedures. Those dischargers with 
expired permits who have submitted applications for reissuance have been 
indicated in Table 10 by an asterisk after the date of permit expiration. 
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SOURCE 

Amesbury WWTP 

Mi crofab, Inc. 

Gilet Wool Scouring 
Corp. 

DISCHARGE 
TYPE 

TABLE 10 
MERRIMACK RIVER BASIN 

LIST OF WASTEWATER DISCHARGES 

RECEIVING 
WATER 

Town of Amesbury 

NPDES PERMIT 
NUMB£!{ 

Treated municipal waste- Merrimack River MA0101745 
water (ianitary and 
industrial) 

Treated metal plating Unnamed tributary MA0002208 
process wastewater to Merrimack River 

Scouring wastewater 

Town of Chelmsford 

Stony Brook 

Town of Dracut 

MA0000477 

Dracut Public Schools Treated sanitary waste- Beaver Brook MA0101222 
water 

Town of Dracut Municipal Septage 
Septage Disposal 
Facility 

Beaver Brook/ 
Peppermint Brook 

MA0102300 

Town of Dracut Municipal wastewater Merri mack River 

Merrimack River 

MA0101184 

M/10022225 Exxon Corporation 

Ace Plastics Corp. 

AVCO-Everett 
Research Lab 

Non-contact cooling 
water 

Non-contact cooling 
water 

* Application for renewal received 

City of Haverhill 

Merri mack River MA0003239 

Unnamed tributary MA0000124 
to Merrimack River 

EXPIRATION 
DATE 

January 8, 1985 

March 25, 1981* 

June 30, 1977* 

June l, 1980 

July 1, 1977 

January 1, 1977 

December 31, 1979 

May 1, 1980* 

July 29, 1980* 



SOURCE 

Bixby International 
Corp. 

Haverhi 11 WWTP 

Haverhill Paper
board Corp. 

Vernon Plastics 
Corp. 

DISCHARGE 
TYPE 

TABLE 10 (CONTINUEO) 

RECEIVING 
WATER 

City of Haverhill (Continued) 

NPDES PERMIT 
NUMBER 

Non-contact cooling Merrimack River MA0026310 
water 

Treated municipal waste- Merrimack River MA0101621 
water (sanitary and 
industrial) 

Non-contact cooling Merrimack River MA0004049 
water 

Non-contact cooling Unnamed tributary MA0002984 
water to Merrimack River 

City o_f Lawrence 

City of Lawrenc_e- Municipal wastewater Spicket River MA0102041 
Spjcket River overflows 

Merrimack Paper Co. Non-contact cooling 
water 

Merrimack River MA0001945 

Hylectronics Corp. 

New Engl and 
Apple Products, Inc. 

San-vel Concrete 
Corp. 

* application received 

Town of Littleton 

Treated metal plating Fort Pond wetland MA0026727 
process wastewater 

Treated fruit processing Mill Brook MA0004936 
wastewater 

Sand and gravel rinse Unnamed tributaries M/\0025291 
water to Spectacle and 

Mill Ponds 

EXPIRATION 
DATE 

March 1, 1982 

August 13, 1981* 

February 28, 1977* 

July 1, 1979* 

April 6, 1983 

May 8, 1984 

June 30, 1983 

Un issued* 

July 1, 1980 



SOURCE 

Astro Circuit 
Corp. 

Boott Mills 

General Electric 
Company 

Lowell WWTP 
(Duck Island) 

Wi 11 i am Tonner 
Company 

Coastal Metal 
Finishing, Inc. 

Merrimac WWTP 

Bixby International 
Corp. 

Gould, Inc. 
(Chase-Shawmut Co.) 

TABLE 10 (CONTINUED) 

DISCHARGE 
TYPE 

Non-contact cooling 
water 

Non-contact cooling 
water and sanitary 
wastewater 

Non-contact cooling 
water 

RECEIVING 
WATER 

Ci!Y of Lowell 

Merrimack River 
(via storm drain) 

Pawtucket Canal 

Merrimack River 

Treated municipal waste- Merrimack River 
water (sanitary and 
industrial) 

NPDES PERMIT 
NUMBER 

M/10021512 

M/10005720 

MA0003883 

MA0100633 

Treated textile finishing Merrimack River M/10002917 
wastewater (via Lawrence Canal) 

Town of Merrimac 

Treated metal plating Cobbler Brook 
process wastewater 

Treated municipal waste- Merrimack River 
water (sanitary and 
i ndus tri a 1) 

City of Newburyport 

Non-contact cooling 
water 

Treated metal plating 
process wastewater 

Merrimack River 

Merrimack River 

MA0021628 

MA0101150 

M/\0025186 

M/\0000281 

EXPIRATION 
DATE 

January 1, 1985 

July 1, 1977* 

March 2, 1984 

July 1, 1983 

July 1, 1980 

March 18, 1980 

February 1, 1982 

March 1, 1982 

June 30, 1981* 



SOURCE 

Newburyport Water 
Treatment Plant 

Newburyport WWTP 

Greater Lawrence 
Sanitary District 
WWTP 

Kenics Corporation 

Western Electric 

Town of Salisbury 
Water Supply Co. 

Te1•1k sbury Water 
Treatment Plant 

H.E. Fletcher Co. 

TABLE 10 (CONTINUED) 

DISCHARGE 
TYPE 

RECEIVING 
WATER 

City of Newburyport (Continued) 

Filter backwash 

Treated municipal waste
water (sanitary and 
industrial) 

Merrimack River 

Merrimack River 

Town of North Andover 

Treated municipal waste
water (sanitary and 
industrial) 

Treated industrial pro
cess waste1,ater 

Treated metal plating 
process and sanitary 
wastewater 

Merrimack River 

CochicheVJick Brook 

Merrimack River 

Town of Salisbury 

Treated municipal waste
water 

Black Rock Creek 

Town of le1;ksbury 

Settling lagoon effluent Merrimack River 

ToVJn of Westford 

Rinse and saVJ cooling 
VJater 

Gil son Brook 

NPDES PERMIT 
NUMBER 

MA0023094 

M/\0101427 

M/\0100447 

M/\0002496 

Ml\0001261 

M/\U025ll38 

l~A0102652 

M/\0020231 

EXPIRATION 
DATE 

August 14, 1980* 

Unissued Draft 

January 11, 1982 

June 1, 1980 

August 26, 1980* 

January 1, 1980 

Unissued Draft 

August 1, 1979* 



SOURCE 

Murray Printing Co. 

Westford Anodizing 

TABLE 10 (CONTINUED) 

DISCHARGE 
TYPE 

RECEIVING 
WATER 

Town of Westford (Continued) 

Non-contact cooling 
water 

Treated metal plating 
process wastewater 

Stony Brook 

Stony Brook 

NPDES PEKMl T 
NUMBER 

MA0005851 

MA0024414 

EXPIRATION 
DATE 

March 25, 1980* 

June 30, 1981 



Appendix 2 of this report presents the NPDES permit effluent limits for the 
discharges listed in Table 10. Limits are presented as they appear on the 
most recent version of the discharge permit. Some effluent limitations are 
under review by the U.S. EPA and MDWPC and may be modified prior to renewal. 

Major wastewater discharges in the Merrimack River Basin are sampled 
annually to assess compliance with their NPDES permit requirements. 
Results of compliance monitoring are included in the 1979 and 1981 MDWPC 
Merrimack River Basin water quality survey data reports as well as individ
ual wastewater discharge data reports published in 1976, 1977, and 1978. A 
report was recently published (1983) by the Technical Services Branch that 
presents the results of compliance monitoring conducted in the Merrimack 
River Basin from 1980 to 1982. 

Summary of Point Loadings 

For several years prior to the construction of treatment works, pollution 
problems in the Massachusetts segment of the Merrimack River were attri
buted to the discharge of untreated sewage and industrial wastewater. As 
stated above, the most significant loadings to the river occurred in the 
densely populated cities of Lowell, Lawrence, and Haverhill. Because most 
of the industries in these municipalities were textile and paper manufac
turing companies, their discharges were primarily high in solids content and 
biochemical oxygen demand, which, combined with the release of untreated 
sewage, served to significantly deplete the dissolved oxygen concentration 
in the Merrimack River during low flow periods. The Report on Pollution of 
the Merrimack River and Certain Tributaries - Part II - Stream Studies 
Physical 1 Chemical and Bacteriological (1966) presents an inventory of all 
of the discharges that existed in the Merrimack River Basin at that time and 
estimated the quality characteristics of each. Using this historical infor
mation as well as recent MDWPC compliance monitoring and river survey data, 
Table 11 was developed which provides estimated five-day BOD loadings to the 
Merrimack River before and after wastewater treatment facilities went on-line 
in Lowell, Lawrence, and Haverhill. It is important to note that these are 
simply estimates made for comparative purposes. Obviously factors such as 
sampling methodology, variation in wastewater influent characteristics and 
variable treatm~nt efficiency can cause periodic differences in BOD and 
solids loadings to the receiving water body. Nevertheless, it is apparent 
that pollution abatement activities to date have resulted in a reduction in 
BOD loadings of approximately 80 percent which is consistent with what is 
usually expected following the initiation of conventional secondary waste
water treatment. Loading reductions in Lowell are lower than in the other 
two cities due to the fact that a significant portion of the city remains 
to be tied in to the new wastewater treatment facility at Duck Island. 

Obviously pollutant loadings to the Merrimack River have been reduced over 
the years not only by providing treatment, but also from industries that 
may have gone out of business, relocated, or installed closed-loop water 
conservation systems. Offsetting reductions of this type, however, are the 
continued release of untreated wastewater from combined and unconnected 
sewers and loadings from non-point sources. In addition, point sources, 
albeit less significant in terms of water quality impact, do occur at loca
tions other than in Lowell, Lawrence, or Haverhill (see Table 10). 
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TABLE 11 
ESTIMATED BOD LOADINGS TO THE MERRIMACK RIVER 

IN LOWELL, LAWRENCE, AND HAVERHILL 

BDD5 LOADINGS (1 bs/day) PERCENT 
MUNICIPALITY Before* After* REDUCTION 

Lowell 25,000 9,500** 62 

Lawrence 35,000 4,000 88 

Haver hi 11 16,500 1,000 94 

Total 76,500 14,500 80 

* Before and after the initiation of secondary wastewater 
treatment 

** Includes approximately 6 MGD untreated sanitary wastewater 
scheduled to be tied to municipal sewerage system 
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Non-Point Sources 

Non-point source pollution refers to the release of various kinds of pollut
ants to a waterbody through diffuse and nondescript channels. Examples of 
non-point source pollution include urban runoff during storm events; leaching 
of faulty subsurface sewage disposal systems; leachate from dumps, junk 
yards, and landfills; siltation and erosion problems; runoff from agricul
tural land; and salt input from winter road deicing activities. Impacts 
of non-point sources on the water quality of rivers and streams are dif
ficult to assess and control measures are often not easily implemented. 
Furthermore, in the past, pollution problems related to point discharges to 
the Merrimack River were far more severe and served to hide any adverse 
impacts from non-point sources. 

The Merrimack River Basin Water Quality Management Plan, published by the 
MDWPC in 1975, presented a cursory review of identified and suspected non
point sources of pollution in the Merrimack watershed. This information was 
derived primarily from the Merrimack Wastewater Management Study (1974), 
developed by the U.S. Army Corps of Engineers, Commonwealth of Massachusetts, 
U.S. EPA, and five regional planning commissions. 

More recently, however, much more detailed evaluations of non-point source 
pollution in the Merrimack River Basin have been made available as part of 
the 1120811 areawide waste treatment management plans published by the Merri
mack Valley Planning Commission (1979) and the Northern Middlesex Area 
Commission (1980). These reports present town-by-town descriptions of 
potential non-point sources of pollution as well as general reviews of the 
common types of non-point sources occurring throughout the respective "208" 
regions. Finally, measures are recommended for controlling non-point source 
pollution. It is recommended that these reports be consulted for a detailed 
treatment of non-point source pollution in the Merrimack River Basin. 

In 1976 and 1977 a series of •r1et weather samp 1 i ng surveys were conducted by 
the MDWPC in cooperation with the Northern Middlesex Area Commission in an 
attempt to provide some data to be used by the NMAC when making recommen
dations for the control of non-point source pollution in the towns of 
Billerica, Chelmsford, Dracut, Tewksbury, .Tyngsborough, and Westford. Two 
combined sewer overflows (CS0), three stormwater sewers, and nine locations 
on small streams suspected of carrying leachate from landfills or areas of 
malfunctioning septic systems were included in the sampling program. Water 
quality data resulting from these surveys were published by the MDWPC in 
August, 1977 in a report entitled Northern Middlesex Area Commission Area
wide Wastewater Management Study Wet Weather Survey Data. After rev1ew1ng 
these and other data collected by their consultants, the NMAC concluded 
that septic system failures, application and storage of road salt, and 
sanitary landfills are the three major non-point sources of water pollution 
in their study area. Severe water pollution problems resulting from faulty 
on-lot subsurface disposal systems were documented for Chelmsford, Dracut, 
and Tewksbury. 

In 1978 and 1979 the MDWPC conducted water quality sampling at the request 
of the Merrimack Valley Planning Commission in an effort to identify non-
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point sources of water pollution in the MVPG region. A total of 24 loca
tions were sampled, mostly on small tributaries near landfills or other 
suspected problem areas. The non-point source sampling data were published 
as part of the MOWPG 1979 Merrimack River Basin Water Quality survey data 
report (1980). These and other data were used by the MVPC to characterize 
non-point sources of pollution and formulate recommendations for controlling 
those sources. Leachate from areas of septic system failures and landfills 
were identified as the most significant non-point sources of water quality 
problems in the MVPC "208" area. 

A summary of non-point sources of water pollution in the Merrimack River 
Basin is presented in Table 12. This chart was developed from the findings 
of the NMAC and MVPC. Only those sources which have, or are suspected of 
having, significant impacts on water quality are noted. 

Combined Sewer Overflows 

The cities of Lowell, Lawrence, and Haverhill are served by relatively new 
secondary wastewater treatment facilities that are connected to complex 
collection systems, portions of which date back to the late 180D's. Older 
segments of the sewerage systems were designed to transport both stormwater 
and sanitary and industrial wastewater for disposal in the Merrimack River 
without treatment. Today, with wastewater treatment facilities in place, 
dry weather sewage flows are transported and treated adequately prior to 
discharge. During storm events, however, runoff collected in storm drains 
enters the combined sewerage system, mixes with sanitary wastewater and, 
when flows exceed the capacity of the collection system, discharges of com
bined storm and municipal wastewater occur to the Merrimack River. These 
combined sewer overflows (CSO) occur during and directly after storm 
events and can contribute significant loadings of solids, BOD, and coli
form bacteria to the Merrimack River. 

The water quality management plan for the Merrimack River Basin published 
by the MOWPC in 1975 cited the CSO in Lowell, Lawrence, and Haverhill as 
having significant adverse impact on the water quality of the Merrimack 
River and attached a high priority to their management in future pollution 
abatement activities. From a water quality standpoint, complete separation 
of sanitary and storm sewers is usually the most effective alternative for 
eliminating the impacts of CSO. However, due to high costs and major 
construction impacts, complete sewer separation is not usually recommended. 
Other alternatives include the storage and treatment of combined wastewater 
at the overflow point and/or remedial repairs to the existing collection 
system such as the maintenance of regulators and pumping stations and the 
reduction of infiltration and inflow (1/1). 

The Technical Services Branch has developed a general outline of the 
approach to take when evaluating the water quality impacts of GSO and 
making recommendations for cost-effective and environmentally sound correc
tive measures. The typical GSO evaluation should include a review of 
existing data to determine what information is available and what field 
studies may be required. The magnitude and quality of CSO loadings as well 
as the receiving stream response must be well documented. Furthermore, 
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TABLE 12 
THE MERRIMACK RIVER BASIN 

NON-POINT SOURCES OF POLLUTION 

MUNICIPAL! TY SOURCES* 

Amesbury 
Andover 
Chelmsford 
Dracut 
Groveland 
Haverhill 
Lawrence 
Lowell 
Methuen 
Newbury 
Newburyport 
North Andover 
Salisbury 
Tewksbury 
Tyngsborough 
Westford 

* A - Stormwater/urban runoff 
B - Landfi 11 leachate 

C 
A 
A,B,C 
A,B,C 
A 
A 
A 
A,B 
C 
B 
B 

B 

B,C 
A,B 
B 

A,C 

C - Subsurface wastewater disposal system failures 
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water use impairment and associated economic losses due to CSO should be 
identified whenever possible. In many instances hydrologic and water 
quality modeling of the collection system and receiving water may be re
quired to aid in the selection of a "design storm" upon which to base 
recommendations for proper CSO management. Costs associated with various 
alternatives for the elimination or treatment of CSO must be measured 
against projected water quality and water use improvements prior to making 
final recommendations. This approach to the evaluation of CSO is sum
marized in Table 13. Specific programs that are underway or proposed for 
the future for the cities on the Merrimack River are discussed in detail in 
Section VIII (Municipal Pollution Abatement Program) of this report. 

Toxic Pollution 

In recent years more attention has been focused on the impacts of hazardous 
wastes and toxic chemicals on both surface waters and ground water. With 
the increase of chemicals manufacturing and industrial use of solvents and 
other compounds following World War II, large volumes of toxic wastes were 
improperly disposed of in areas that would lead to eventual contamination 
of rivers and streams as well as ground water. Particularly noteworthy was 
the situation discovered at Love Canal, New York where an old chemical dump 
presented a serious health hazard to local residents and received national 
recognition almost overnight. Since that discovery, a number of other 
hazardous disposal sites have been found nationwide and the number con
tinues to grow at an alarming rate. 

In light of the situation described above, the U.S. Environmental Protec
tion Agency has shifted its emphasis from the treatment of conventional 
pollutants such as solids and oxygen-demanding materials to the analysis 
and anticipated correction of environmental degradation by toxic substances, 
many of which are very hazardous to public health. These pollutants include 
volatile organic compounds such as benzene and toluene, phenols, pesticides, 
PCBs, heavy metals, and cyanides. Many of these contaminants leach into the 
ground at very slow rates from improper disposal sites. Their impact on 
ground water may not be realized until long after the site is abandoned. 
This long-term gradual movement of pollutants, coupled with the lack of 
thorough understanding of the ultimate fate of many of these substances, 
make the control of toxic pollution particularly difficult. 

In 1976, the United States Congress enacted Subtitle C of the Resource 
Conservation and Recovery Act (RCRA) which directed the U.S. EPA to 
establish a program whereby hazardous substances are monitored and regu
lated from the time they are manufactured until the time of their final 
disposal. In addition to this "cradle to grave" progrmn authorized under 
RCRA, the U.S. EPA can rely on further regulatory authorization from the 
Clean Water Act, the Safe Drinking Water Act, the Refuse Act, and the Toxic 
Substances Control Act (TSCA). The TSCA, passed in 1976, directs the U.S. 
EPA to regulate harmful materials that pose a threat to human health and 
the environment. In accordance with the Clean Water Act, the U.S. EPA has 
developed pretreatment standards and effluent guidelines for 65 priority 
pollutant classes. 
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TABLE 13 
TYPICAL ELEMENTS OF A CSO EVALUATION 

I. DATA AVAILABILITY /REQUIREMENTS 

A. CSO loadings-BOD/DO, bacteria, solids, nutrients 
1. dry weather 
2. wet weather 

B. Receiving stream water qua1ity and hydro1ogy 
C. Frequency and magnitude of overflows 

II. WATER QUALITY IMPACTS/USE IMPAIRMENT 

A. Water supp1y 
B. Fisheries/shellfish/wild1ife 
C. Recreational 
D. Aesthetics 
E. Economic losses due to CSO 
F. Pub1ic participation 

III. SIMULATION MODELING REQUIREMENTS 

A. Collection system 
8. Receiving water system 

IV. DESIGN STORM SELECTION/ANALYSIS OF ALTERNATIVES 

A. Level of treatment achieved vs. cost 
B. Water use improvement pr.ejections 

V. RECOMMENDATION FOR CSO MANAGEMENT 

A. Water qua 1 ity and use improvement/economic gains 
B. Cost-benefit analysis 
C. Availability of funding 
D. Public participation 
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A major part of the U.S. EPA effort to control hazardous wastes has been 
directed at providing funding and technical assistance to the states to 
enable them to establish state and local management and enforcement programs. 
Although the C011111onwealth of Massachusetts began regulating hazardous wastes 
in 1973, it was not until 1979 that the state legislature passed the Hazard
ous Waste Management Act which brought the state program in conformance 
with RCRA. In 1980 the Division of Hazardous Waste (DHW) was created within 
the DEQE to develop regulations and to establish a licensing and enforcement 
program. The DHW has begun to conduct investigations of existing and poten
tial hazardous waste disposal sites and to monitor clean-up operations. In 
November, 1980 the DHW published a report entitled Management for Site 
Investi ations: The Preliminar Site Assessment. This report listed both 
confirmed hazardous was e sites Part A) and those sites requiring further 
investigation (Part B). An updated version of the report cited above was 
published by the DHW in 1981, The following information regarding hazard
ous waste evaluations in the Merrimack River Basin was obtained from the 
1981 DHW report which should be consulted for more detail. 

As a part of the DEQE hazardous site evaluation program each site under 
investigation is assigned to one of five categories depending upon its pre
sent status. A total of 19 sites within the Merrimack River Basin have 
been identified. These are presented in Table 14 with their status listed 
according to the following scheme: 

1. Confirmed hazardous waste site; site secured: 

DEQE has determined that the site was used for the illegal or 
improper treatment, storage, or disposal of hazardous waste; all 
necessary remedial actions have been completed to secure the site. 

2. Confirmed hazardous waste site; site under investigation: 

DEQE has determined that the site has been used for the illegal or 
improper treatment, or disposal of hazardous waste; enforcement 
actions and investigations, containment, or cleanup operations are 
in progress. 

3. Site under evaluation: 

DEQE is evaluating the site to determine if hazardous wastes are 
present; presently there is insufficient information to make such 
a determination. 

4. No hazardous waste present; no further action required: 

DEQE has determined that the impoundments on the site have never 
been used for the treatment, storage, or disposal of hazardous 
waste and that no further action relative to hazardous waste is 
required; monitoring of these sites-will continue under other DEQE 
programs as appropriate. 
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TABLE 14 
MERRIMACK RIVER BASIN 

HAZARDOUS WASTE SITE INVESTIGATIONS* 

SITE 

Microfab, Inc. 
Municipal WWTP 
Municipal Landfill 
Wellman Realty (formerly 

Southwell Combing Co.) 
Electometals, Inc. 
Brox Oairies, Inc. 
Wells Metal Finishing 
Municipal Landfill 
Municipal Water Treatment 

Plant 
Roche Brothers Barrel & 

Drum Co. 
Raytheon Corporation 
Silresim Corporation 
Middlesex Street Warehouse 
Municipal WWTP 
Western Electric Company 
Municipal LandfiTI 
Vaughn Corporation 
Charles George Landfill 
Star Chemical 

MUNICIPALITY 

lll!lesbury 
lllllesbury 
Andover 
Chelmsford 

Chelmsford 
Dracut 
Dracut 
Haverhi 11 
Lawrence 

Lowell 

Lowell 
Lowell 
Lowell 
Newburyport 
North Andover 
North Andover 
Salisbury 
Tyngsborough 
Westford 

·*SOURCE: Massachusetts Division of Hazardous Waste, Management for 
Site Investigations, 1981 Update (1981). 

** See text 
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5. Municipal water and wastewater treatment plant: 

DEQE has and will continue to routinely inspect and evaluate these 
plants for regulatory compliance. 

Seven confirmed hazardous waste sites are presently under investigation in 
the Merrimack River Basin. Another seven are being evaluated to determine 
whether or not hazardous wastes are present. Particularly noteworthy is 
the case of the bankrupt Silresim Corporation site in Lowell where, in 1977, 
15,000 barrels and numerous tanks containing hazardous materials were found 
abandoned. In 1979 the Massachusetts legislature authorized a capital outlay 
of five million dollars to be used by DEQE to clean up five hazardous waste 
sites throughout the Commonwealth. Of 3.6 million dollars spent to date, 
approximately 2.5 million have been utilized for the Silresim site alone. 
All of the barrels and most of the bulk storage have been removed from the 
site. Following complete removal of all hazardous substances a hydrogeolog
ical investigation will be conducted to determine adverse impacts, if any, 
on both soils and surface and ground water on and around the site. 

The Silresim Corporation site clean-up operation is a good example of the 
high costs associated with removing toxic materials and properly securing a 
hazardous waste site. _In recognition of these high costs, the U.S. Congress 
passed legislation entitled Comprehensive Environmental Response, Compensa
tion and Liability Act of 1980 which will provide federal monies to be used 
for evaluating and securing hazardous waste sites as well as assisting 
enforcement actions. This "Superfund" program is administered by the U.S. 
Environmental Protection Agency. To date a total of nine sites in 
Massachusetts have been designated as candidates for "Superfund" assis
tance. Included with this group is the Charles George Landfill in Tyngs
borough where DEQE has found hazardous materials breaking out at several 
locations. A new water supply system is under development for a nearby 
condominium complex. 

The severity of toxic pollution problems, both existing and potential has 
necessitated the development of a comprehensive program to evaluate water 
quality impacts of these substances and to initiate corrective measures 
wherever possible. As stated above, the DEQE has begun to address the toxic 
problem through the Division of Solid and Hazardous Waste. Initially, the 
involvement of the MDWPC is expected to be at the research and demonstra
tion (R&Ol level. A program has been initiated whereby wastewater treat
ment plant effluent will be screened through the use of bioassays for the 
presence of toxic pollutants for which the U.S., EPA is developing effluent 
guidelines. Particular attention will be focused on industrial treatment 
facilities and municipal treatment plants located in heavily industrialized 
communities such as Lowell, Lawrence and Haverhill. The more toxic dis
charges will then be investigated chemically in more detail. In addition 
to this effluent monitoring, the MDWPC is funding an R&D project at the 
University of Massachusetts aimed at the determination of effluent toxicity 
through the use of bioassay techniques. Selected effluent samples from 
wastewater treatment facilities as well as combined sewer overflows 
through-out Massachusetts will be tested to determine their effects on 
aquatic organisms. Further information relative to toxic pollution control 
is pres-ented in Section VIII of this report under the heading "Industrial 
Program." 
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Acid Precipitation 

Reactions of atmospheric water with fossil fuel combustion by-products such 
as the oxides of sulfur and nitrogen produce weak acids which fall to earth 
as acid rain or snow. In industrial areas or other areas where the impacts 
of sulfur and nitrogen emissions are significant, rainfall may exhibit very 
low pH values due to the presence of the weak acids. This acid precipita
tion can have a serious impact on widespread areas of the environment. 

Natural buffering capacity of soils and surface waters tend to neutralize 
the acidity that may be introduced by precipitation. However, this buf
fering capacity is being taxed in many areas of the northeast so that the 
impacts of low pH precipitation are becoming increasingly evident. Low pH 
values have been reported from many lakes and streams in New York and the 
New England states. Devastating impacts on fish and other aquatic life 
have also been documented either as the direct result of decreased pH or 
due to toxicity of heavy metals such as aluminum that are mobilized at much 
greater rates with decreasing pH. 

Recognizing the potential widespread seriousness of this problem, the 
Department of Environmental Quality Engineering (DEQE) through its Office 
of Planning and Program Management has proposed an Acid Deposition Assess
ment Program for the Commonwealth. Program objectives will be to: 1) estab
lish legal and statutory actions in order to control major emission sources, 
and 2) assess the effects of acid precipitation in order to identify and 
prioritize affected resources and implement corrective measures. 

The Research and Demonstration Program of the MDWPC is currently sponsoring 
all or part of four projects related to acidic deposition. Two investiga
tions, funded entirely by the MDWPC, involve the Bickford Pond watershed in 
central Massachusetts. Investigators from the Massachusetts Institute of 
Technology (MIT) recently completed a study which characterized the effects 
of changes in water chemistry and elemental sedimentation rates on surface 
and ground water related to acidic deposition. The second phase of this 
research will also be conducted by MIT and will investigate and model the 
nature of the hydrologic regime in a selected wetland area and determine 
the role of the wetland in influencing major ion balances related to acidic 
deposition. This project is scheduled for completion in 1986. 
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VI. MDWPC WATER QUALITY SURVEYS 

Field Procedures 

Intensive water quality surveys were conducted in the Merrimack River Basin 
in 1974 and 1981 by the Massachusetts Division of water Pollution Control. 
In addition, a two-day mini-survey was conducted on the Merrimack River in 
July of 1979. A list of sampling station locations for all three MDWPC 
surveys is presented in Table 15. Stations were established upstream and 
downstream from wastewater discharges, major tributaries, and major hydro
logic features such as impoundments and rapids sections in an effort to 
assess their impact on the water quality of the Merrimack River. 

The 1974 survey was conducted during the weeks of July 8-12 and August 
19-23 and included 22 sampling stations in the river basin. Samples for 
dissolved oxygen determination were collected at four-hour intervals 
throughout a period of three days for a total of 19 sampling runs. 
Composite samples were collected on Tuesday and Thursday of each survey 
week for the determination of BOD, total Kjeldahl-nitrogen, ammonia
nitrogen, nitrate-nitrogen, total phosphorus, pH and alkalinity, suspended 
and total solids, and chlorides. Samples for total coliform bacteria 
counts were also obtained on Tuesday and Thursday of each survey week. 
Phytoplankton samples, collected from each station, were qualitatively and 
quantitatively analyzed and flow data were obtained from USGS gages on the 
main stem as well as actual field measurements in selected tributaries 
during each survey week. Samples obtained from stations in the fresh water 
portion of the river were taken at mid-stream, mid-depth locations. Addi
tional dissolved oxygen samples were taken at the surface of the water at 
these stations to analyze photosynthesis in the river. A complete set of 
samples was taken at the surface and at the bottom at each station in the 
tidal portion of the river. At selected locations additional samples were 
taken for a cross-sectional water quality analysis of the river. Tributaries 
(i.e. Beaver Brook, Spicket, Little, and Powwow rivers) were sampled at mid
stream surface locations. All survey results were published by the Water 
Quality Section in Merrimack River Water Quality Survey Data (November, 1974, 
Westborough, MA).· 

In July, 1976, the Water Quality Section of the MDWPC published a report 
entitled Merrimack River 1974 Benthic Macroinvertebrate Analysis (Bilger, 
1976). This report records and analyzes data obtained from a benthic macro
invertebrate survey conducted on the Merrimack River during the period 26 
and 27 August 1974. A detailed evaluation of the occurrence of benthic 
organisms as related to various physical and chemic•a1 constituents at each 
of six sampling stations is presented. Background information includes data 
pertaining to temperature and dissolved oxygen, five-day biochemical oxy
gen demand, ammonia-nitrogen, and pH. A taxonomic listing of the number 
and kinds of benthic organisms according to pollution tolerance is also 
presented. 

The 1979 survey of the Merrimack River Basin was designed to be preliminary 
to more intensive water quality sampling to be carried out in 1980 or 1981. 

61 



TABLE 15 

THE MERRIMACK RIVER 

LOCATION OF 1974, 1979, ANO 1981 SAMPLING STATIONS 

STATION NUMBER 

1974 1979 1981 LOCATION 

1 Massachusetts-New Hampshire state line 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 
13 

15 
17 

18 

19 

21 

17 

16 

15 

14 

12 

11 

9 

8 

7 

6 

5 

4 

2 

1 

1 Route 113 Bridge, Tyngsborough 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 
12 

13 

14 

15 

16 
17 

18 
19 

20 

21 

22 

Lowell Water Supply Intake, Lowell 
0.4 miles upstream from Pawtucket Dam, Lowell 

Inlet to Pawtucket Canal, Lowell 

Ouelette Bridge, Aiken Street, Lowell 

Central Bridge, Lowell 

Hunts Falls Bridge, Lowell 
Directly upstream from Duck Island, Lowell 

Directly downstream from Duck Island, Lowell 

Off Route 110 at powerlines, Dracut 
Off Route 110 downstream from powerlines, Dracut 

Opposite Pine Island, Methuen-Andover 

Below Route I-93 Bridge, Methuen-Andover 
Upstream from water supply intake, Lawrence 
Off launch area, Riley Park, Lawrence 

Route 28 Bridge at canal inlet, Lawrence 

Duck Bridge, Union Street, Lawrence 
Lawrence-M~thuen corporate boundary 

Off Ayer Street, Methuen 
Near Stanley Island, Haverhill 

' Route 125 Bridge, Haverhill 
Bates Bridge, Route 113, Haverhill-Groveland 

Rocks Bridge, Haverhill-West Newbury 

Davy Jones Marina, Amesbury 
Buoy No. 32, Amesbury · 

Essex-Merrimack Bridge, Amesbury 

Routes 1 and lA Bridge, Newburyport 
Off Buoy No. 13A, Newburyport Harbor 

Between Buoy Nos. 7 and 9 off Plum Island Point 
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RIVER 

MILE 

49.8 

47 .3 

43.5 

40.5 

40.1 

38.9 

38.2 
37 .9 

37 .4 

37.0 

35.0 

34.3 

32.8 

31.5 
30.6 

29.2 

28.5 

27 .8 
26.1 

25.5 

21.2 

18.5 
15.7 

11.8 

9.2 

7.6 
5.2 

3.0 

2.3 
0.3 



.. 
The survey ran from July 9 to July 12, 1979. Water samples for chemical 
analysis were taken at six-hour intervals from 21 stations along the Merri
mack River on Monday, July 9 and Wednesday, July 11. Thirty locations on 
the Shawsheen River and Stony Brook were sampled in the same manner on 
Tuesday, July 10. On each day, a one-gallon composite sample from each 
station was obtained by combining equal volumes of water from each of the 
sampling runs. Grab samples for bacteriological analysis were collected 
each day during the early morning and late afternoon sampling runs. 

On Tuesday, July 10, grab samples were taken during one sampling run from 
all 30 locations on the Shawsheen River and Stony Brook for chlorophyll a 
·analysis. In addition, seven of these samples were analyzed microscopi-
cally to determine the numbers and kinds of phytoplankton present in the 
water. 

Flow measurements were conducted throughout the survey week at 12 locations 
on the Shawsheen River and Stony Brook as well as four smaller tributaries 
to the Merrimack River. Stream flow data were also obtained from two U.S. 
Geological Survey monitoring stations in the Merrimack River watershed. 
The results of the 1979 surveys were published in Merrimack River Basin 
1979 Water Quality Survey Data, Wastewater Discharge Data, Non-point Source 
Sampling Data (September, 1980, Westborough, MA.) 

During the summer of 1981 personnel of the Technical Services Branch (TSB) 
of the MDWPC conducted two one-week intensive water quality surveys of the 
Merrimack River. Twenty-two Merrimack River stations and seven locations 
on tributaries or canals were sampled during the weeks of June 29 to July 3 
and August 17 to 21. On Tuesday through Thursday of each survey week water 
samples were collected at 23 stations from bridges or river banks at six
hour intervals. The remaining six locations were sampled from a Boston 
whaler, twice daily during daylight hours only. A one-gallon composite 
sample for chemical analysis, was generated for each station by combining 
equal volumes of water from each of the Tuesday and Wednesday sampling runs. 
Also collected on Tuesday and Wednesday were grab samples for bacteriological 
analysis (morning and evening). Grab samples for heavy metals analysis 
were collected once from each station during both survey weeks. Metals 
samples were preserved in the field with concentrated nitric acid. On 
Tuesday of each survey week samples were obtained from selected Merrimack 
River stations for chlorophyll a analysis. In addition, some of these 
samples were analyzed microscopTcally to determine the numbers and kinds of 
phytoplankton present in the water. Finally, on August 19, 1981, samples 
were obtained from ten locations for volatile hydrocarbon screening. All 
survey data were published in the report T-he Merrimack River 1981 Water 
Quality Survey Data, Wastewater Discharge Data (January, 1982, Westborough, 
MA). 

In addition to the MDWPC water quality surveys, annual wastewater discharge 
surveys were conducted in the Merrimack River Basin by the Compliance 
Monitoring Section. Wastewater discharge data are presented under separate 
cover (1976-1978, 1981-1982) or as part of the water quality survey data 
reports (1979, 1981). 
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Laboratory Methods 

During all of the MDWPC surveys, chemical and bacteriological samples were 
conveyed to the Lawrence Experiment Station of the Department of Environmental 
Quality Engineering for analysis. Laboratory procedures utilized at Lawrence 
are summarized in Table 16. These procedures are outlined in detail in the 
American Public Health Association's Standard Methods for the Examination of 
Water and Wastewater. Samples collected in 1981 for hydrocarbon screening 
were analyzed using a Perkin-Elmer F-45 Head Space Analyzer equipped with a 
SD meter SE-54 fused silica glass capillary column and a flame ionization 
detector. 

Dissolved oxygen determinations were made by personnel of the MDWPC using 
the azide modification of the Winkler iodometric titration method. Micro
scopic analyses for phytoplankton (Sedgwick-Rafter Method) and chlorophyll 2. 
extractions (Fluorometric determination) were also conducted at Westborough 
by Division personnel. 
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TABLE 16 

ANALYTICAL METHODS USED AT LAWRENCE EXPERIMENT STATION 

PARAMETER 

BOD 

Dissolved Oxygen 

pH 

Turbidity 

Total Alkalinity 

Suspended Solids 

Total Solids 

Settleable Solids 

Total Kjeldahl
Nitrogen 

Ammonia-Nitrogen 

Nitrate-Nitrogen 

METHOD REPORTED AS 

5-day oxygen depletion at 20°C mg/1 BOD 

Azide modification of Winkler mg/1 D.O. 
method. 0.0375 N sodium thio-
sulfate titrant, 300 ml sample 

Electrometric, glass indicator, pH logarithmic 
silver chloride reference Units 

Nephelometric. Hach Turbidi- Nephelometric 
meter. Model 2100A Turbidity Units 

0.02 N sulfuric acid potentio- mg/1 CaC03 
metric titration to pH 4.5, 
Orion Model 701, Digital pH 
meter 

Filtration through standard mg/1 S.S. 
glass fiber filter paper. Residue 
dried at 103-105°C. Gravimetric 

Evaporation to dryness at 103- mg/1 T.S. 
105°C. Gravimetric 

Gravimetric settling using an ml/1 sett. solids 
Imhoff cone 

Acid digestion using Technical mg/1 TKN 
BD-40 Block Digester. Colori-
metric analysis (reaction of 
ammonia, sodium salicylate, 
sodium nitroprusside, and sodium 
hypochlorite in buffered alkaline 
medium) using Technicon Auto 
Analyzer II 

Phenate method, automated. Colori- mg/1 NH3~N 
metric analysis using Technicon 
Auto Analyzer II 

Hydrazine reduction method, auto- mg/1 N03-N 
mated. Colorimetric· analysis 
using Technicon Auto Analyzer II 
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PARAMETER 

Total Phosphate 

Total Coliform 

Fecal Coliform 

COD 

Conductivity 

Color 

Chloride 

Silica 

Cadmium, copper, 
chromium, iron, 
lead, magnesium, 
manganese, nickel, 
zinc, hardness 
(Ca+Mg) 

Aluminum, Tin 

Hexavalent Chromium 

ANALYTICAL METHODS (CONTINUED) 

METHOD 

Acid digestion using Technicon 
BD-40 Block Digester. Ascorbic 
acid reduction colorimetric 
method using Technicon Auto 
Analyzer II 

Membrane filter technique 

Membrane filter technique 

Dichromate reflux 

Wheatstone Bridge type meter. 
Yellow Springs Instrument 
conductivity bridge, Model 31 

Visual comparison of sample with 
known concentrations of colored 
solutions 

Argentometric (titration with 
silver nitrate) 

· Colorimetric analysis (silico
molybdate reduction in acidic 
solution to "heteropoly blue" 
by aminonaphtholsulfonic acid) 
Technicon Auto Analyzer II 

Atomic Absorption Spectrophoto
metry. Air-acetylene flame. 
Perkin-Elmer Model 403 

Atomic Absorption Spectrophoto
metry. Nitrous oxide-acetylene 
flame. Perkins-·Elmer Model 403 

Colorimetric using diphenyl
carbazide. Klett-Summerson 
photoelectric colorimeter 
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REPORTED AS 

mg/1 P 

Total coliforms/100 ml 

Fecal coliforms/100 ml 

mg/1 COD 

umhos/cm 

Color Units 

mg/1 Cl 

mg/1 Si02 

mg/1 

mg/1 

mg/1 cr+6 



VII. WATER QUALITY OF THE MERRIMACK RIVER 

Survey Flow Conditions 

A general description of the hydrology of the Merrimack River Watershed was 
presented in Section III. For proper interpretation of water quality data, 
however, specific climatic and hydrological conditions occurring prior to 
and during actual water quality sampling must be documented. Ideally, sur
veys conducted during summer months at low flow and high water temperature 
conditions reveal worst-case water quality in terms of dissolved oxygen 
solubility and the potential for instream contaminant dilution. Due to the 
large upstream drainage area and meteorologic variability from year to year, 
flow conditions in the Merrimack River in Massachusetts exhibit significant 
fluctuations within the summer survey periods. These fluctuations are 
clearly illustrated in the sampling period hydrographs developed from the 
USGS flow monitor located on the Merrimack River at Lowell (see Figure 7). 
From these hydrographs, stream flow profiles (flow vs. river mile) were 
formulated for individual survey dates. These profiles are presented in 
Figure 8 along with the seven-day, ten-year low flow (Q7 10) and long 
term average flow values at the USGS gage at Lowell. Note that, whereas 
most of the summer flow profiles occur somewhere between Q7 10 and long
term year-round average flows, the Merrimack River flow durlng the MDWPC 
survey of August 18-19, 1981 was unusually high. This high flow resulted 
from a period of rainy weather that preceeded the water quality survey and, 
likely, had a significant effect on the river's water quality condition. 
This demonstrates the importance of analyzing climatic and flow conditions 
leading up to, as well as during, sampling periods in order to separate 
long-term baseline water quality conditions from short-term impacts from 
storm events. 

Application of the Water Quality Index 

Water quality data from the 1979 and 1981 Merrimack River surveys were used 
to calculate wa\er quality index (WQI) values for each sampling location in 
the manner described in Section IV. The.results of the WQI analysis are 
presented in Tables 17 and 18. Included in these tables are a summary of 
significant parameters and their individual quality ratings (qi) as well as 
final WQI values for each sampling station. WQI values were not calcu
lated for the 1974 surveys because fecal coliform and turbidity data were 
not available. 

The WQI is presented graphically for the 1979 and 1981 surveys in Figures 
9 and 10 respectively. Examination of these profiles suggest that, in 
general, good to excellent water quality conditions existed in the Merrimack 
River despite a characteristic decline immediately downstream from the city 
of Lowell. Furthermore, the WQI profiles exhibit good correlation between 
the individual sampling dates. · 

The WQI evaluation indicates that the single constituent which adversely 
impacted the water quality of the Merrimack River throughout all of the 
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TABLE 17 

MERRIMACK RIVER WATER QUALITY INDEX 

1979 SURVEY 

RIVER SIGNIFICANT QUALITY 
STATION MILE PARAMETERS RATING (Qi) WQI 

July 9 

MR21 40.l FEC 69 85.5 
MR20 39.9 86.4 
MR19 43.5 88.7 
MR17 38.2 FEC** 20 68.7 
MR16 37.4 FEC**, BOD 18, 62 66.0 
MR15 34.3 FEC* 30 74.3 
MR14 31. 5 FEC*, BOD 38, 67 76.3 
MR12 28.5 FEC, BOD 60, 69 83.1 
MRll 27.8 FEC, BOD 52, 67 79.5 
MR09 25.5 FEC, BOO 64, 62 82.4 
MR08 21.2 FEC 63 81. 7 
MR07 18.5 BOD 64 82.2 
MR06 15.7 FEC, BOD, P 68, 67, 69 81.6 
MR05 11.8 BOD 69 84.9 
MR04 9.2 BOD 69 84.0 
MR02 5.2 BOD 50 80.9 
MROl 3.0 87.5 

July 11 

MR21 40.l BOD, NH3* 69, 49 80.4 
MR20 39.9 BOD, NH3 62, 54 81.l 
MR19 43.5 800, NH3* 62, 49 79.6 
MR17 38.2 FEC**, BOD, NH3* 20, 64, 49 64.0 
MR16 37.4 FEC**, BOD, NH3* 16, 67, 46 61.8 
MR15 34.3 FEC*, BOD, NH3 32, 64, 54 70.7 
MR14 31.5 FEC*, BOD, NH3 37, 54, 59 71.6 
MR12 28.5 FEC, BOD, NH3 51, 64, 61 76.8 
MRll 27.8 FEC, BOD, NH3 63, 60, 60 79.3 
MR09 25.5 FEC, BOD, NH3 59, 62, 67 79.1 
MR08 21. 2 FEC, BOD, NH3 64, 64, 53 78.8 
MR07 18.5 FEC, BOD, NH3 61, 60, 55 78.2 
MR06 15.7 FEC, BOO, NH3 69, 55, 61 79.5 
MR05 11.8 BOD, NH3 55, 59 80.0 
MR04 9.2 BOO, NH3 60, 60 81.1 
MR02 5.2 BOO 67 84.l 
MROl 3.0 BOD, NH3 62, 67 84.2 

* Quality rating falls below 50 
** Quality rating falls below 25 
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TABLE 18 

MERRIMACK RIVER WATER QUALITY INDEX 

1981 SURVEY 

RIVER SIGNIFICANT QUALITY 
STATION MILE PARAMETERS RATING (qi) WQI 

June 30 - July 2 

MROl 47.3 FEC, BOD 66, 64 81.5 
MR02 43.5 83.3 
MR03 40.1 FEC, pH 62, 63 80.5 
MR04 38.9 FEC*, BOD 37, 68 76.6 
MR05 38.2 FEC*, pH 43, 67 75.8 
MR06 37.9 FEC* 37 74.3 
MR07 37.4 FEC*, pH 36, 67 73.6 
MR08 37.0 FEC*, BOD, NH3 39, 69, 69 76.0 
MR09 35.0 FEC* 46 78.7 
MRlO 32.8 FEC*, BOD 44, 52 76.8 
MRll 31.5 FEC, NH3 51, 67 79.6 
MR12 30.6 FEC 61 82.5 
MR13 29.2 83.9 
MR14 28.5 83.5 
MR15 27.8 FEC, BOD, NH3 65, 68, 67 82.7 
MR16 25.5 FEC 63 84.0 
MR17 21.2 NH3 66 82.6 
MR18 18.5 NH3 67 84.5 
MR19 15.7 NH3 61 80.7 
MR20 11.8 FEC 69 83.9 
MR21 5.2 NH3* 49 82.5 
MR22 3.0 NH3* 49 82.9 

August 18-20 

MROl 47.3 FEC*, BOD 47, 68 78.5 
MR02 43.5 FEC, BOD 59, 69 80.1 
MR03 40.1 FEC, pH 57, 59 78.2 
MR04 Ja.9 FEC, pH 58, 59 79.2 
MR05 38.2 FEC* 48 78.4 
MR06 37.9 FEC*, pH 44, 59 75.7 
MR07 37.4 FEC* 44 78.1 
MR08 37.0 FEC*, pH 43, 63 77 .3 
MR09 35.0 FEC*, pH 47, 67 78.4 
MRlO 32.8 FEC*, pH 46, 59 77 .2 
MRll 31.5 FEC, pH 53, 63 79.4 
MR12 30.6 FEC*, pH 47, 59 76.9 
MR13 29.2 FEC, pH 56, 55 78.5 
MR14 28.5 FEC, pH, NH3 56, 59, 66 77 .6 
MR15 27.8 FEC, BOD 59, 69 81.7 
MR16 25.5 FEC 58 81.6 
MR17 21.2 FEC, pH, BOD 61, 67, 65 78.4 
MR18 18. 5 FEC, NH3 69, 66 80.8 
MR19 15.7 FEC, BOD, NH3 68, 67, 67 80.1 
MR20 11.8 FEC 69 82.3 
MR21 5.2 BOD 69 83.3 
MR22 3.0 pH 63 82.8 

* Quality rating falls below 50 71 
** Quality rating falls below 25 
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MUWPC surveys was fecal coliform bacteria. In addition, biochemical oxygen 
demand and ammonia-nitrogen concentrations were significant during the 1979 
surveys, and pH was cited as a significant parameter during the survey of 
August 18-20, 1981. 

In the following sections the significant water quality parameters are 
examined in more detail in an effort to document existing conditions and 
trends, and highlight remaining water pollution problems. Although not 
included in the WQI analysis, results of the 1974 Merrimack River survey 
will also be incorporated into the discussion where appropriate for demon
strating long-term water quality trends. 

It is important to note that a comparison of pollutant concentrations, 
alone, from one survey to another is not sufficient to demonstrate water 
quality improvement or degradation. Without stream flow information, a 
concentration yields no information with respect to the mass of material 
that is actually present in the river. For comparisons between survey 
periods with different stream flow, the mass discharge of a constituent can 
be calculated using the following equation: 

Mass Discharge (lbs/day)= Flow (cfs) X Concentration (mg/1) X 5.4. 

It can be seen that 50 lbs/day of phosphorus, for example, in a stream with 
a flow of 10 cfs results in a phosphorus concentration of approximately 1.0 
mg/1, whereas the same mass discharge of phosphorus in a stream at a flow 
of 100 cfs translates to an instream concentration of 0.1 mg/1. 

When analyzing results from several water quality surveys, an alternative 
to converting a large data base of instream solute concentrations to mass 
discharge is to compare constituent concentrations obtained during survey 
periods exhibiting similar flow characteristics. The Merrimack River flow 
profiles presented in Figure 8 indicate that the MDWPC water quality sur
veys were conducted at approximately three different flow regimes. The 
surveys of August, 1974 and July, 1979 for example, were both conducted at 
very low flow conditions. Therefore, direct comparison of pollutant con
centrations from those two surveys is appropriate to demonstrate trends. 
Likewise, compai:_i_sons between the July, 1974 and June-July, 1981 surveys 
can be made. · 

Dissolved Oxygen 

The solubility of oxygen in water decreases with an increase in both tem
perature and salinity (i.e. chloride content). In fresh water, therefore, the 
dissolved oxygen saturation concentration is dependent upon water tem
perature alone. Dissolved oxygen excursions from the saturation level can 
occur in either direction (depletion or supersaturation) in a river segment 
depending upon a number of biological and hydrophysical factors. Some of 
the more important of these factors are the biochemical oxygen demand (BOD) 
exerted on the water when bacteria decompo§e organic matter, the reaera-
tion potential of the stream segment based on depth, velocity, and tur
bulence, and photosynthetic oxygen input by phytoplankton, periphyton, and 
aquatic vascular vegetation. 
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Water quality data from all three ,~DWPC Merrimack River survey years (i.e., 
1974, 1979, and 1981) indicate that all of the above mentioned factors have 
significant effects on instream dissolved oxygen concentrations in the 
Merrimack River. The reaeration potential of the river is governed to a 
large degree by its hydrogeological characteristics and, as such, is less 
likely to be altered over time without major stream channel modifications 
or dam construction or removal. What has changed over the years in the 
Merrimack River Basin is the magnitude of oxygen-demanding municipal waste
water loadings to the river. 

A summary of BOD5 loadings to the Merrimack River from the three major 
population centers (i.e., Lowell, Greater Lawrence, and Haverhill) was pre
sented in Section V for comparisons before and after the implementation of 
secondary wastewater treatment in those cities. As expected, an 80% reduc
tion in BOD loadings was realized following major treatment works construc
tion from 1975 to 1980. These reduced BOD loadings resulted in a signifi
cant decrease in in-stream biochemical oxygen demand data bet•,ieen the 1971! 
and 1979/1981 Merrimack River surveys. This instream BOD reduction is 
illustrated in Figures 11 and 12 where average B0D5 concentration values 
from four MOWPC survey periods are plotted. Both figures demonstrate a 
reduction in instream biochemical oxygen demand from 1974 to 1979 (Figure 
11) or 1981 (Figure 12). Particularly noteworthy are the BOD5 profiles 
developed from the August, 1974 and July, 1979 surveys when the river flows 
approached the seven-day, ten-year low flow. Prior to the construction of 
wastewater treatment facilities, characteristic increases in 8005 were 
observed downstream from the cities of Lowell and Lawrence as shown by the 
1974 survey profile in Figure 11. The 1979 survey results also indicate 
increased B005 downstream from the city of Lowell because the municipal 
wastewater treatment facility at Duck Island was not completed until 1980. 
Furthermore, at the time of the 1981 water quality surveys, untreated 
wastewater discharges still occurred to the Merrimack River in portions of 
Lowell that had not been connected to the new collection and treatment 
system. It is anticipated that wi,h the elimination of dry-weather dis
charges in Lowell and implementation of combined sewer overflow management 
practices in all three urban areas, BOD will drop from the list of signifi
cant parameters in future water quality index analyses. 

An adequate supply of dissolved oxygen in a water body is essential for 
fish and other aquatic organisms which utilize the gas for metabolic respi
ration. For this reason the Massachusetts Water Quality Standards require 
a minimum of 5.0 mg/l of dissolved oxygen in fresh water. Mean and minimum 
dissolved oxygen profiles from a total of four Merrimack River surveys are 
presented in Figures 13 and 14. In 1974 the bacterial decomposition of 
large quantities of organic matter in the water column depleted the 
dissolved oxygen content of the Merrimack River. This oxygen depletion was 
severe at low flow (i.e. August, 1974) conditions when dissolved oxygen 
standard violations were exhibited throughout most of the Massachusetts 
segment of the river (see Figure 14). It is interesting to note that, during 
the July survey period in 1974 when the river flow was approximately 3,500 
cfs, the dissolved oxygen standard was exceeded despite the severe BOD 
loadings. Nevertheless, dissolved oxygen levels were consistently higher 
throughout the river following the implementation of secondary treatment 
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and subsequent BOD reduction. This marked improvement was clearly illus
trated in July, 1979 when river flow was quite low, yet average dissolved 
oxygen concentrations were well above the 5.0 mg/1 standard. 

In addition to biochemical oxidation and reaeration, the combined photo
synthetic and respiratory processes of algae also affect the dissolved oxy
gen content of the Merrimack River. Results of phytoplankton sampling and 
chlorophyll 2. analysis indicate that the Merrimack River is large enough, 
in terms of both volume and time of passage, to maintain a viable resident 
phytoplankton community. A measure of phytoplankton community function can 
be made by determining in-stream dissolved oxygen concentration periodi
cally throughout the day and night to document daily fluctuations. 
Generally, increases in algal photosynthesis during daylight hours results 
in the addition of oxygen to the surrounding water. 

Dissolved oxygen concentrations at one sampling location on the Merrimack 
River are presented graphically for two different survey weeks in Figure 15 
to demonstrate diurnal periodicity due to phytoplankton community function. 
Note that photosynthetic oxygen input can sometimes lead to supersaturated 
conditions. 

Nitrogen and Phosphorus 

A brief description of nitrogen and phosphorus as they occur in natural 
waters was given in Section IV. Sources of nitrogen and phosphorus in a 
watershed may include municipal and industrial wastewater discharges, 
runoff from urban and agricultural areas, and precipitation. The most 
significant loadings of nitrogen and phosphorus to the Merrimack River in 
New Hampshire and Massachusetts are the release of secondary treatment 
effluent from publicly owned treatment works (POTWs). 

Ammonia is the initial by-product of organic nitrogen decomposition and is 
always present in untreated or partially treated sewage. It is important 
from a water quality standpoint for three reasons: 1) through the process 
of nitrification, ammonia is oxidized to nitrite and ultimately nitrate, an 
important plant nutrient; 2) ammonia-nitrogen exerts a high oxygen demand 
during nitrification; and 3) unionized ammonia is very toxic to aquatic 
organisms. Furthermore, secondary wastewater treatment facilities do not 
normally include nitrification unless flows are far below design conditions 
and, consequently, detention times are great. Therefore, ammonia concentra
tion in wastewater is generally unaffected by conventional secondary treat
ment. Compliance monitoring records from municipal treatment facilities 
along the Merrimack River confirm this. 

Results of the WQI analysis of 1979 and 1981 survey data indicate that 
ammonia-nitrogen was marginally significant on July 11, 1979 but was rarely 
cited during the other sampling periods. In fact, sampling data obtained 
two days apart in 1979 exhibited significant changes in ammonia-nitrogen 
and total Kjeldahl-nitrogen concentrations.- Apparently in-stream nitrogen 
levels are variable and depend upon river flow as well as upstream loadings 
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from municipal wastewater treatment facilities and non-point sources. Wang 
and Evans (1970) compared fnstream nitrogen and phosphorus concentrations in 
the Illinois River with those of a conservative tracer (fluoride) to docu
ment nutrient fluctuations with changes in flow. They too found that the 
concentration of each constituent changed significantly from day to day and 
that river flow was the most influential variable. 

Figure 16 presents anmonia-nitrogen and nitrate-nitrogen concentrations 
from low-flow periods in August, 1974 and July, 1979. The profiles from 
1974 clearly illustrate the characteristic instream decline in ammonia and 
concurrent build-up of nitrate that are associated with nitrification. 
Interestingly, much of the ammonia-nitrogen in the Merrtmack River during 
August, 1974 was generated at upstream sites in New Hampshire as high con
centrations were observed at the state line (Station MROl) during both sur
vey periods: 

STATION 

MROl 

MR02 

AMMONIA-NITROGEN (mg/1) 

7/9/74 7/11/74 AVG. 

1.20 1.30 1.25 

o. 75 0.87 0.81 

8/20/74 8/22/74 AVG. 

1.20 1.10 1.15 

1.30 1.10 1.20 

Increases in ammonia concentration were also observed downstream from the 
urban areas in Massachusetts, but the general trend was for significant 
instream nitrification throughout the Massachusetts segment of the Merrimack 
River. This in-stream nitrification probably contributed to the severe dis
solved oxygen depletion that occurred during August, 1974. 

Although less drastic, data from 1974 and 1981 obtained at higher river flow 
also demonstrate reductions in ammonia-nitrogen concentrations in recent 
years. The initiation of secondary treatment in Lowell, Lawrence and Haver
hill does not explain the decrease in ammonia-nitrogen observed in the 
Merrimack River during the surveys of 1979 and 1981 because influent and 
effluent ammonia concentrations remained fairly constant. It appears that 
some reductions in anmonia loadings may have occurred upstream of the New 
Hampshire boundary. Moderate reduction in in-stream anmonia-nitrogen has 
been demonstrated in the Nashua River, a major tributary to the Merrimack 
River, since nitrification processes were initiated at the Fitchburg 
Easterly WWTP in 1975. The Nashua River flows out of Massachusetts and 
into Nashua, N.ew Hampshire where it joins the Merrimack River. Consequent
ly, a reduction in ammonia-nitrogen in the Nashua River may partially 
explain reductions in the amount of ammonia-nitrogen re-entering Massachu
setts in the Merrimack River. Future sampling at low-flow conditions may 
indicate whether in-stream ammonia-nitrogen levels at the New Hampshire
Massachusetts boundary have significantly lowered in recent years. 

Aqueous solutions of anmonia can be toxic to fish and other aquatic organ
isms. Ammonia toxicity will be discussed in _more detail under the heading 
"Potentially Toxic Constituents" later in tliis section. 
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Nitrogen (primarily as nitrate) and phosphorus are essential nutrients for 
plant growth. Excessive amounts of in-stream nitrogen and phosphorus, how
ever, often promote accelerated growth of algae and macrophytes if substrates 
and other environmental factors are suitable. Often, if algal populations 
reach "bloom" levels or river segments become heavily encroached by aquatic 
vascular plants, water use may be impaired. For the most part, the Merrimack 
River channel in Massachusetts provides little substrate for the growth ot 
aquatic vascular vegetation as banks are steep and flow velocity is relatively 
rapid. 

Although not cited as a significant water quality parameter by the Water 
Quality Index, phosphorus is apparently present at high enough concentra
tions to maintain a resident phytoplankton population in the Merrimack 
River. Like ammonia-nitrogen, phosphorus levels in sanitary wastewater are 
relatively unaffected by conventional secondary treatment. Therefore, 
phosphorus loadings from municipal sources and resulting in-stream con
centrations should remain relatively unchanged from pre- to post-treatment 
periods. This assumes that the majority of phosphorus input to the Merr1-
mack River is from municipal point sources. Figure 17 presents in-stream 
phosphorus data from low-flow periods in 1974 and 1979. Indeed, phosphorus 
concentrations remained fairly constant. Data from higher flow periods 
also revealed little change before and after the initiation of secondary 
wastewater treatment. Increases in in-stream phosphorus concentration are 
evident downstream from Lowell, Lawrence, and Haverhill, the sources of 
municipal wastewater in Massachusetts. 

Recommendations vary for in-stream phosphorus target concentrations that 
will prevent eutrophication in impounded river segments. Ofcen phosphorus 
concentrations exceeding 0.1 mg/l lead to the abundant growth of algae or 
macrophytes. However, although concentrations of phosphorus in the Merri
mack River are higher, the hydraulics of the river basin severely limit the 
potential for eutrophic conditions. 

Coliform Bacteria 

The most noteworthy parameter cited by the WQI analysis throughout the 
entire Merrimack River was fecal coliform bacteria. The Massachusetts 
Class B water q~ality standard for fecal coliform bacteria is 200 organisms 
per 100 ml. The Class SB standard for bacteria, which is in force downstream 
from Haverhill in the segment affected by the ocean tides, is based on total 
coliform bacteria. In this segment total coliform bacteria "shall not exceed 
a median value of 700 MPN (most probable number) per 100 ml and not more than 
20% of the samples shall exceed 1,000 MPN per 100 ml during any sampling 
period" (314 CMR 4.00, December, 1984). 

Historically, coliform bacteria counts have violated standards in the Merri
mack River. In 1974, prior to the implementation of wastewater treabnent, 
untreated sanitary wastewater was released to the Merrimack River in Lowell, 
Lawrence, and Haverhill. Al though fecal coli form analyses were not per
formed during the 1974 MOWPC water quality surveys, total coliforms num
bered in the tens of thousands per 100 ml throughout the Massachusetts 
segment of the main stem Merrimack River. Immediately downstream from 
urban centers, total coliforms consistently exceeded 100,000 per 100 ml. 
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Figure 18 presents total coliform bacteria data from the low-flow periods 
in 1974 and 1979. Fecal coliform counts from the same period in 1979 were 
lower than the total coliform counts by a factor of ten. Drastic increases 
in in-stream coliform bacteria levels were evident in the vicinity of Lowell 
and Lawrence in 1974. By 1979, significant reductions had occurred down
stream from the city of Lawrence with commencement of wastewater treatment 
at the Greater Lawrence WWTP. However, coliform bacteria counts remainea 
high throughout the segment of the river in and downstream of Lowell, which 
is not surprising because the municipal wastewater treatment facility at 
Duck Island was not completed until 1980. 

Fecal and total coliform bacteria counts were also performed as part of the 
MDWPC water quality surveys of the Merrimack River in 1981. Results are 
not included in Figure 18 because river flow was substantially higher. 
However, coliform bacteria standard violations continued to occur in the 
Merrimack River. Major sources of bacterial contamination in the Merrimack 
River in Massachusetts are combined sewer overflows (CSU) in the Jrban 
centers of Lowell, Lawrence, and Haverhill as well as the continuea release 
of untreated sewage in portions of Lowell that remain to be connected to 
the new municipal wastewater treatment facility at Duck Island. It is appar
ent that bacterial contamination is the last major water quality problem to 
be corrected before the Merrimack River can be expected to consistently meet 
water quality standards. For a description of proposed control measures see 
Section VIII (Municipal Pollution Abatement Program). 

Potentially Toxic Constituents 

During the MDWPC surveys of 1974 and 1979 water samples from the Merrimack 
River were primarily analyzed for the presence of conventional poll~tants 
such as BOD, nutrients, and coliform bacteria. Indeed, the Water Quality 
Index analysis was developed for use in standard water quality surveys 
designed to assess conventional pollution problems associated with instream 
assimilation of sanitary wastewater, erosion, and eutrophication. In recent 
years, however, increased attention has been focused on the analysis of 
potentially toxic compounds and tneir impact on public health and aquatic 
organisms. To date, sampling in the Merrimack River Basin for the analysis 
of toxics has been limited. 

During the MDWPC Merrimack River surveys of 1981 grab samples were collected 
from the water column for heavy metals analyses. This sampling represented 
the first attempt, albeit limited, by the MOWPC to conduct basinwiae toxics 
assessment in the Merrimack River watershed. Samples were analyzed for the 
presence of cadmium, copper, iron, manganese, nickel, lead, and zinc. 
Results are reported in the report The Merrimack River 1981 Water Quality 
Survey Data - Wastewater Discharge Data (MDWPC, 1982). 

The U.S. EPA has developed criteria for the protection of aquatic life that 
include guidelines for cadmium, copper, nickel, lead, and zinc. While some 
numerical criteria for heavy metals remain constant for any receiving water 
conditions, many criteria are presented as a function of water hardness and 
take the form: 
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Criterion (ug/1) ~ exp [a ln (hardness in mg/1) + b] 

A sU11111ary of criteria for pertinent heavy metals or values for a and b to 
be used in the above equation are presented in Table 19. Since Merrimack 
River water hardness concentrations typically approximate 30 mg/1 as CaC03, 
infonnation from Table 19 was used to generate Table 20 which can be uti
lized when analyzing metals data from the 1981 surveys. Note that the cri
teria for in-stream metals concentrations are extremely low and, in some 
cases, more stringent than drinking water standards. In fact, metals anal
yses of samples from the Merrimack River in 1981 were not conducted at a 
level of precision that would detect the presence of a constituent in the 
vicinity of a part per billion or part per trillion. 

Few conclusions can be drawn with respect to metals concentrations in the 
Merrimack River based on two grab samples from each sampling site. How
ever, no cadmium, nickel, or lead was detected in any samples collected on 
August 18, 1981. Copper in the range of 0.01-0.02 mg/1 was detected at four 
out of 22 sampling stations and zinc in the same range was present at 20 
sites. Note that the zinc concentrations are below the criteria shown in 
Table 20, while conclusions concerning copper levels can not be made based 
on the level of precision reported. 

Samples obtained on June 30, 1981, at slightly less than one-half the river 
flow of August 18, exhibited metals concentrations in the same ranges (i.e., 
10-2 mg/1) but metals were detected at more sampling locations. Again, no 
nickel was detected. However, cadmium was detected at three sites at 0.02 
mg/1, and lead occurred at three sites, one of which was a location where 
cadmium was also detected. 

Sampling for heavy metals analysis in 1981 represented an initial attempt 
to determine whether metals were present at concentrations that could pose 
a threat to human health or aquatic life. The results of this sampling did 
not indicate any problems. However, future sampling and analysis should be 
conducted at appropriate levels of precision so that data may be properly 
interpreted. 

In addition to the metals analyses, sampl~s were collected on August 19, 
1981 from ten locations for volatile hydrocarbon screening. Samples were 
analyzed using a Perkin-Elmer F-45 Head Space Analyzer equipped with a 50 
meter SE-54 fused silica glass capillary column and a flame ionization 
detector. No hydrocarbons were detected. Again, caution must be exercised 
when drawing conclusions from the results of such a modest sampling effort. 

Two toxic compounds that may be discharged to the Merrimack River in largest 
amounts, are the ammonia and chlorine contained in municipal wastewater 
treatment facility effluents. Ammonia occurs in domestic sewage and is 
generally unaffected by conventional secondary wastewater treatment. Use 
of chlorine has traditionally been the standard method of disinfection at 
wastewater treatment facilities. Usually wastewater is chlorinated inme
diately prior to discharge to a receiving water. 

When anmonia is dissolved in water, an equilibrium is reached between union
ized ammonia (NH3), ionized ammonia (NH4+), and hydroxide ions (OH-J. It is 
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TABLE 19 

U.S. EPA PROPOSED FRESHWATER CRITERIA FOR SELECTED 

HEAVY METALS DESIGNATED TO PROTECT 

AQUATIC LIFE 

24-HOUR AVERAGE MAXIMUM 
LIMIT LIMIT 

METAL a* b* a* b* 

Cadmium 1.05 -8.53 1.05 -3.73 

Copper** 0.94 -1. 23 

Nickel 0.76 1.06 0.76 4.02 

Lead 2.35 -9.48 1.22 -0.47 

Zinc_.. 0.83 1.95 

* for input to: exp [a ln(hardness in mg/1) + b] (see text) 
** 24-hour average limit is 5.6 µg/1 
*** 24-hour average limit is 47 µg/1 

TABLE 20 

U.S. EPA PROPOSED FRESHWATER CRITERIA FOR 

SELECTED HEAVY METALS ADJUSTED FOR MERRIMACK RIVER HARDNESS 

(30 mg/1 as CaC03) 

24-HOUR AVERAGE MAXIMUM 
LIMIT LIMIT · 

METAL (mg/1 l ~ 

Cadmium D.000007 0.00085 

Copper 0.0056 . 0.0072 

Nickel 0.038 0.74 

Lead 0.00023 0.04 

Zinc 0.047 0.12 
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the unionized ammonia (NH3) that is toxic to aquatic organisms. Since in
creased alkalinity serves to drive the equilibrium toward the unionized form, 
anmonia toxicity increases with higher pH values and is reduced under more 
acidic conditions. In addition, the unionized fraction of ammonia increases 
with temperature. However, changes in NH3 toxicity with temperature have not 
been clearly demonstrated. 

The U.S. EPA criterion for anmonia varies with both pH and temperature (U.S. 
EPA, 1984). For example, maximum allowable total ammonia concentration 
at 15°C and neutral pH (i.e., 7.0) is 17.6 mg/1. However, at 25°C and pH 
equal to 8.0, maximum allowable total ammonia concentration is reduced to 
2.3 mg/1. These latter conditions, however, represent maximum temperature 
and pH values encountered during water quality surveys of the Merrimack 
River in recent years. Furthermore, results of 1979 and 1981 sampling 
exhibited in-stream total ammonia concentrations in the range of 0.1 to 0.3 
mg/1, well below the 2.0 mg/1 level which could contain a significant toxic 
fractlon on rare occasions. 

The addition of chlorine to water results in a mixture of hypochlorous acid 
(~OCl) and hypochlorite ion (OCl-) according to the reactions: 

Clz + H20 HOC]+ H+ + c1-

HOCl W + OCl-

This mixture is referred to as free available chlorine (FAC) and the ratio 
of HOCl:Ocl-is dependent upon pH, temperature, and dissolved solids. Hypo
chlorous acid, in the presence of organic carbon and nitrogen-containing 
compounds, usually reacts as an electrophilic agent thereby forming a 
variety of organohalogen compounds (Morris, 1978). Results of research 
directed at assessing drinking water treatment practices has demonstrated 
that a wide variety of inorganic and organic compounds that naturally occur 
in surface and ground waters can contribute to the formation of organohalo
gen compounds. These include ammonia, amines and polynuclear aromatic 
hydrocarbons (PAHs). Cooper, et. al. (1983) investigated the formation of 
halogenated organic compounds in chlorinated secondary wastewater treatment 
plant effluent •. They demonstrated the production of chloroform and triha
lomethanes (THMs), but were unable to find a trend in the rate of THM for
mation as related to the amount of chlorine used. 

The toxicity or mutagenicity of some of the byproducts of wastewater 
chlorination are well documented. The carcinogenicity of chloroform has 
been demonstrated in rats and mice but that of THMs is still under investiga
tion. Risk assessments related to human consumption of many halogenated 
organics remain inconclusive. 

Total residual chlor1ne refers to the mixture of FAC and chloramines, com
pounds that fonn when HOCl reacts with anmonia. For proper disinfection a 
residual chlorine concentration of several tenths of a milligram per liter 
is usually required. Limits are placed on· effluent total residual chlorine 
concentrations in NPDES permits to prevent potential toxic impacts in re
ceiving waters. Some pennits contain n1111erical limits for total residual 
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chlorine that range from 1.0 to 2.0 mg/1. Recent permits have been issued 
with the following wording: "The total chlorine residual of the effluent 
shall not result in any demonstrable harm to aquatic life or violate any 
water quality standard which has been or may be promulgated." In the 
Merrimack River Basin year-round disinfection is practiced at most munici
pal wastewater treatment facilities to protect public water use or shellfish 
resources downstream. The Greater Lawrence and Haverhill WWTPs chlorinate 
on a seasonal basis only as their discharges are not in close proximity to 
sensitive water use locales. 

Effluent residual chlorine concentrations are determined as part of the 
MDWPC compliance monitoring program. Results of recent monitoring are pre
sented in Table 21 for municipal wastewater treatment facilities in the 
Merrimack River Basin. Residual chlorine levels that are typically encoun
tered at those facilities pose no threat to aquatic life or human health 
following dilution with the receiving water. However, water withdrawn from 
the river for municipal use is chlorinated as part of the water treatment 
process prior to distribution. Thus, water released as chlorinated WWTP 
effluent from upstream sources is chlorinated a second time at downstream 
municipal withdrawal points. 

Macroinvertebrate Analysis 

Benthic macroinvertebrate sampling was conducted at six stations on the 
Merrimack River in August, 1974 to supplement the physicochemical water 
quality sampling_.of that year. The results of this biosurvey were 
published in a separate document entitled Merrimack River 1974 Benthic 
Macroinvertebrate Analysis (Bilger, MDWPC, 1976). A summary of this report 
is presented here. 

Sampling stations were selected upstream and downstream from the cities of 
Lowell, Lawrence, and Haverhill, which, at that time, were the major sour
ces of untreated wastewater. At each sampling site a Petersen dredge (1.0 
ft.2) was used to obtain samples of the substrate. Samples were sieved 
(U.S. No. 30; 0.595 mm aperture) and those invertebrate organisms retained 
were sorted and identified. Once identified, each organism was assigned to 
one of the follow.ing categories based on i_ts relative tolerance or sen
sitivity to organic pollution: 

Tolerant: Organisms frequently associated with gross organic 
contamination and are generally capable of thriving 
under anaerobic conditions. 

Facultative: Organisms having a wide range of tolerance and 
frequently are associated with moderate levels of 
organic contamination. 

Intolerant: Organisms that are not found associated with even 
moderate levels of organic contaminants and are 
generally intolerant of even moderate reductions in 
dissolved oxygen. 
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TABLE 21 

MERRIMACK RIVER BASIN 

MUNI CI PAL WWTP EFFLUENT RESIDUAL CHLORINE CONCENTRATIONS 

RESIDUAL CHLORINE 
FACILITY DATE (mg/1) 

Amesbury 6/30/81 1.3 

8/18/81 0.9 

4/13/82 0.1 

lll/27/82 0.5 

Greater Lawrence 7/1/81 0.9 

8/18/81 1. 7 

4/8/82 0.4 

Haverhill 7 /1/81 0.6 

8/18/81 0.0 

4/8/82 0.0 

Lowell 4/7 /81 0.5 

6/30/81 0.5 

8/18/81 0.6 

4/8/82 0.4 

Newburyport 1/26/81 0.3 

4/13/82 2.2 
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Results of the study exhibited good correlation between the macroinvertebrate 
conrnunity structure and physicochemical parameters such as dissolved oxy-
gen and BOO. The impacts of wastewater discharges in the urban centers 
were succinctly demonstrated by the invertebrates encountered throughout 
the study area. At all sampling stations there was a predominance of 
aquatic oligochaetes and tolerant and facultative midge larvae. Only 16 
organisms out of a total of 3,734 collected, or less than one percent, were 
categorized as intolerant to organic pollution. Obviously water quality 
condition is only one of many factors controlling the number and distribu
tion of benthic invertebrates in a river. Others include depth, substrate 
character, and current velocity. However, the extremely low number of sen
sitive invertebrates suggests that the release of untreated wastewater to 
the Merrimack River prior to 1975 had a deleterious impact on the resident 
macroinvertebrate community. 

It was recommended that a second macroinvertebrate sampling effort be 
undertaken following the initiation of secondary wastewater treatment in 
Lowell, Lawrence, and Haverhill. Although treatment facilities are now in 
place in all three aforementioned cities, to date a follow-up biosurvey has 
not been conducted due to the time and manpower constraints of the MOWPC. 
Although the process may be lengthy, it is expected that improved water 
quality conditions in the Merrimack River will result in the return of a 
more diverse benthic macroinvertebrate community that includes increased 
numbers of pollution-intolerant taxa. 

Ground Water 

A list of municipal water supplies was presented in Section II of this 
report. Many communities in the Merrimack River Basin rely on ground water 
for public and private use. Historically, ground water in Massachusetts has 
been of excellent quality. However, many aquifers are now threatened by a 
variety of sources of contamination such as landfills, hazardous waste 
disposal sites, and underground fuel storage facilities. The use of over 
42 public, private, and industrial ground water supplies has been discon
tinued throughout the state due to chemical contamination. Within the 
Merrimack River_Basin wells have been closed down in four Massachusetts 
municipalities (refer to Table 22). 

Proper ground water management and pollution control is difficult to 
achieve. Contaminants move through ground water much more slowly than 
through surface waters. Often long periods of time elapse between the 
release of contaminants at a source to the appearance of polluted con
ditions in a sub-surface water supply. Furthermore, ground water moni
toring is more labor intensive and, therefore, more costly than surface 
water monitoring. Finally, pollution abatement in the form of pumping to 
promote aquifer self-purification, although technically feasible, is often 
very time consuming and cost prohibitive. Therefore, ground water pollu
tion control strategies are aimed at the protection of aquifers through 
the prevention of contamination. A brief summary of the OEQE ground water 
protection program is presented in Section VIII of this report. 
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MUNICIPALITY 

Amesbury 

Groveland 

Tyngsborough 

Westford 

TABLE 22 

MERRIMACK RIVER BASIN 

DRINKING WATER SUPPLIES 

CONTAMINATED BY ORGANIC CHEMICALS 

CONTAMINATED SUPPLY 

2 industrial wells 

Public wells #1&2 

2 condominium wells 

PRIMARY 
CONTAMINANTS 

trichloroethylene 
1,2 dichloroethylene 

trichloroethylene 

methyl ethyl ketone 
methyl isobutyl 
ketone 
benzene 
acetone 

PROBABLE SOURCE 
OF CONTAMINATION 

Onsite industrial 
waste storage 

Under investiga
tion 

Charles George 
landfi 11 

5 private wells trichloroethylene Chemical storage 
tetrachloroethylene site 
1,1,l trichloroethane 

SOURCE: U.S. EPA Region I (March, 1983) 
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VIII. WATER POLLUTION ABATEMENT PROGRAM 

Wastewater Treatment Technology 

Before discussing specific pollution abatement measures completed or under
•11ay in the Merrimack River Basin, it may be helpful to briefly summarize 
conventional treatment practices that are currently used for both sanitary 
and industrial wastewater. A more detailed account of the history and 
development of wastewater treatment technology with in-depth descriptions 
of all of the various unit processes that are in use today is beyond the 
scope of this report. For more information the reader is invited to consult 
current text books on sanitary or environmental engineering such as Waste
water Engineering:Treatment, Disposal, Reuse (Metcalf & Eddy, Inc., m. 
Prior to disposal to surface or ground water, wastewaters are subjected to 
various forms of treatment to prevent them from severely degrading the 
quality of the receiving water. Often treatment techniques serve to hasten 
settling or decomposition processes that would naturally occur at a much 
slower rate at the expense of the water quality of the receiving water. 

Treatment practices fall into three general categories. Primary treatment 
involves the removal of solid matter which either floats to the surface of 
the wastewater or settles out due to gravity. This is usually accomplished 
by an initial screening or sieving of the influent followed by slowly passing 
the wastewater through large sedimentation tanks or clarifiers. The slow 
flow of the wastewater allows suspended solids to gradually sink to the 
bottom of the tank. A well designed efficiently operated primary treatment 
system should remove 50 to 60 percent of the suspended solids and 25 to 40 
percent of the biochemical oxygen demand from a wastewater. 

Secondary or biological waste treatment involves the preparation of a 
suitable habitat for a community of microorganisms that will slowly decom
pose the organic matter made available to them in the wastewater. The fun
damental principle underlying this treatment procedure is no different from 
that which would normally occur more slowly in a receiving stream. A popula
lation of microorganisms utilizes the wastewater as a food supply and slowly 
decomposes the organic matter. Since this digestion process utilizes oxygen, 
untreated wastewaters could exert an oxygen demand strong enough to severely 
deplete the dissolved oxygen concentration of the receiving stream. Two 
common types of secondary treatment are trickling filters and activated 
sludge. ~ trickling filter is a large round chamber filled with rocks or 
other coarse materials which act as a substrate for the microorganisms. 
Wastewater is sprayed over the substrate and the organic matter is slowly 
removed and decomposed by the microbes. Finally, a secondary clarifier is 
employed for further solids and BOD removal. 

Activated sludge systems involve mixing the wastewater with a sludge con
taining a dense population of bacteria. Agitation and aeration of the 
mixture causes the microorganisms to clump together and feed on the organic 
matter in the wastewater. Final clarification separates the treated waste
water from the biological sludge which can be returned to the treatment 
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tank. An alternative known as step aeration involves the introduction of 
the wastewater at a number of locations around the aeration chamber rather 
than at one end. This aids in mixing the water with activated sludge and 
spreads the oxygen demand throughout the tank. 

Treated sanitary wastewater often flows through a chlorine contact chamber 
before it is discharged to a water body. Exposure to chlorine kills bac
teria and other pathogens that might otherwise pose a threat to public 
health. In recent years increased concerns have centered around the use of 
chlorine for wastewater disinfection. Chlorine can combine with other 
molecules in the waste or receiving water to form new compounds that can be 
toxic to fish and other stream dwelling organisms. A good example of the 
type of reactions described above are those involving hypochlorous acid, a 
product of the hydrolysis of gaseous chlorine, and ammonia which form com
pounds called chloramines. These and other chlorine residuals have been 
shown to be toxic to aquatic organisms. Due to the potential for chlorine 
toxicity, treatment facilities with discharges to streams with sensitive 
downstream uses such as public water supply or shellfish harvesting may 
~lay dechlorination techniques or, in other -instances, alternative means of 
disinfection such as the use of ultraviolet light. 

The primary and secondary treatment methods described above result in the 
removal of large amounts of suspended solids. The sludge which settles out 
in clarifiers and other settling chambers must be removed and disposed of 
properly to insure that the concentrated organic solids and other pollut
ants are not released to the environment in harmful quantities. Although 
a number of specific alternatives are available for treating and disposing 
of sludge, most methods include both thickening and dewatering. The dried 
sludge is usually incinerated, disposed of in landfills, or buried. 

In situations where the assimilative capacity of a receiving stream is 
severely limited or the potential for eutrophication exists, nutrients or 
organic carbon concentrations in secondary effluent are still too high to be 
discharged without further treatment. Procedures for further removal of 
these constituents fall within the category of advanced or tertiary waste
water treatment. In order to prevent the introduction of excessive amounts 
of algal and plant nutrients to a receiving stream it is often necessary 
to remove nitrogen and phosphorus from the-effluent. Numerous methods are 
available for nitrogen conversion and removal. Most of these procedures 
involve either a chemical treatment such as ammonia stripping or ion ex
change, or a biological process using specialized populations of micro
organisms known as nitrifiers. Phosphorus removal is achieved through the 
addition of coagulating chemicals to a wa~tewater which, when slowly 
stirred, convert dissolved phosphorus to an insoluble form which settles to 
the bottom of the tank. This process is known as coagulation and floc
culation. 

The concentrations and types of constituents present iA industrial waste
waters are extremely variable from one kind of industry to the next. Charac
teristics of industrial wastewater depend largely on how water is utilized. 
Some industries use water consumptively as part of their actual processes 
while others use water for washing or rinsing manufactured goods and/or 
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machinery. Still others use water for cooling purposes. As the result of 
the variable nature of industrial wastewaters, complex treatment techniques 
have been developed that are often specific to one or a few industrial 
classes. To be sure, many treatment processes are applicable to a number 
of industries. These include techniques for reducing wastewater volume, 
neutralizing acid or alkaline wastes, removing suspended solids, and sludge 
handling. 

Specialized techniques for the removal of dissolved solids, heavy metals, 
volatile hydrocarbons, oil and grease, and complex process wastes have been 
developed and are in use at industrial treatment facilities. Some indus
trial wastewaters such as those resulting from paper manufacturing and food 
processing are largely biodegradable and, therefore, amenable to the kinds 
of biological treatment used at municipal facilities. Often in urban and 
suburban areas biodegradable industrial wastewaters are transported direct
ly to municipal facilities for treatment. In other cases industries may 
µretreat their wastewater to remove potentially harmful constituents prior 
to disposal to a municipal sewerage system for further removal of conven
tional pollutants. 

For detailed information on industrial wastewater treatment it is recom
mended that the reader consult a reference book entitled Industrial Water 
Pollution: Origins

1 
Characteristics, and Treatment (Nemerow, 1978). This 

book presents compete coverage of the theory and application of numerous 
treatment techniques and strategies, as well as specific information on the 
approaches to handling particular wastewaters generated by a wide variety 
of industry types. 

Municipal Strategies 

An assessment of municipal wastewater collection and treatment facilities 
needs was included as part of the 1975 Merrimack River Basin Water Quality 
Management Plan prepared by the MDWPC. Since that time many of the communi
ties have initiated pollution abatement programs that were recommended in 
the 1975 report. The emphasis to date in the Merrimack River Basin has 
been on the design and construction of sewerage systems and wastewater treat
ment plants in municipalities that exhibit thickly settled population centers 
and/or soils char·acteristics that are unsu-itable for the use of individual 
on-lot subsurface sewage disposal systems. 

The U.S. Environmental Protection Agency and the Massachusetts Division of 
Water Pollution Control administer a Construction Grants Program whereby 
federal and state funds are made available to cities and towns to be used 
for the design and construction of publidy-owned wastewater treatment 
works (POTul's). In the past, federal and state allotments have generally 
amounted to 75 and 15 percent, respectively, of the costs of treatment works 
construction to be supplemented with a municipal share of approximately 10 
percent. Beginning with fiscal year 1984 the federal portion of project 
funding will be reduced to 55 percent. At that time, cost deficiencies will 
have to be made up by increased state and/or·local shares. Certain projects 
that are eligible for "innovative or alternative" funding may receive addi
tional federal financial aid. 
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The procedure through which a city or town goes when planning and construct
ing sewers and treatment works consists of three major phases or steps. 
Step I involves the development of an engineering report or facility plan 
which assesses the existing sewage handling practices of a municipality, 
determines existing and future wastewater management needs, and makes spe
cific recommendations for meeting those needs. The recommendations may 
include the construction of sewerage systems and treatment facilities or, 
in other instances, rehabilitation and maintenance programs for existing 
systems. Those communities for which structural alternatives are recommend
ed during facilities planning are eligible for Step II funding which is used 
for the preparation of engineering drawings and other detailed design work 
needed to proceed with the recommended pollution abatement program. Follow
ing a review of the plans and specifications for sewerage works, a Step III 
grant may be awarded for the actual installation of sewer lines and/or con
struction of treatment facilities. 

As each step of the construction grants process is completed, engineering 
reports and plans are subjected to careful review by the U.S. EPA and MDWPC 
to ensure that they meet the requirements set forth in the Construction 
Grants Program guidelines and regulations. Furthermore, water quality 
reviews are undertaken throughout the grants process to assure that the 
funding of POT',l's will assure the maximum return in water quality improve
ment. A municipality is not eligible to move forward to the next step of 
the construction grants process until the requirements of the preceding 
step are satisfactorily met. 

Due to both the presence of three large population centers in Lowell, 
Lawrence, and Haverhill and severe soils limitations to the use of indivi
dual subsurface disposal systems throughout the Massachusetts portion of 
the Merrimack River watershed, many communities have relied on construction 
grants for sewage collection systems and treatment facilities. Large sec
ondary wastewater treatment facilities have been built in Lowell, Lawrence, 
and Haverhill with adequate capacity to accept wastewater from neighboring 
communities. Smaller POTW's exist or are planned for some of the municipal
ities that are situated too far from the cities to take advantage of the 
regional approach to wastewater management. Table 23 provides a summary of 
the total cost (Steps, I, II, and III) of municipal water pollution abate
ment in the Merr"iliiack River, to date, including both sewage collection 
systems and wastewater treatment facilities. Table 24 presents a list of 
the existing municipal wastewater treatment facilities that discharge to 
the Merrimack River with a summary of the treatment processes that are 
utilized at each one. 

The remainder of this section will present community or regional level sum
maries of water pollution abatement activities that have been undertaken or 
are proposed for the municipalities within the Merrimack River watershed. 

Amesbury: In 1974 a secondary wastewater treatment facility was completed 
1n the town of Amesbury. The facility was designed to treat 1.9 million 
ga 11 ons per day (MGD) through the use of the-·di ff used act 1 vated sludge pro
cess. A wastewater collection system serves approximately 90 percent of 
the town population or about 12,500 residents. Although portions of the 
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TABLE 23 
MERRIMACK RIVER BASIN 

APPROXIMATE MUNICIPAL POLLUTION ABATEMENT COSTS 

GRANTS IN AID LOCAL TOTAL 

MUNICIPALITY FEDERAL STATE SHARE COST 

Amesbury $ 3,547,500 $ 709,500 $ 473,000 $ 4,730,000 

Andover 264,000 52,800 35,200 352,000 
Chelmsford 222,000 44,000 29,500 295,000 

Dracut 8,445,000 1,689,000 1,126,000 11,260,000 

Groveland 2,100,000 420,000 280,000 2,800,000 

Haverhill 23,962,500 4,792,500 3,195,000 31,950,000 
Lawrence (GLSD) 39,128,000 7,825,000 5,217,000 52,170,000 

Lowell 64,072,500 12,814,500 8,543,000 85,430,000 
Merrimac 5,278,500 1,055,700 703,800 7,038,000 
Methuen 9,337,500 1,867,500 1,245,000 12,450,000 
Newburyport 14,812,500 2,962,500 1,975,000 19,750,000 
Salisbury 673,100 134,650 89,750 897,500 
Tewksbury 12,330,000 2,466,000 1,644,000 16,440,000 
Tyngsborough 1,736,300 347,200 231,500 2,315,000 

GRAND TOTALS $185,909,400 $37,180,850 $24,787,750 $247,878,000 
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sewerage system date back to the early l900's much of the system was re
habilitated and expanded as part of the treatment works construction program 
undertaken during the l970's. The sanitary wastewater and stormwater 
collection systems are completely separated. The original construction 
project including the wastewater treatment plant, interceptors and pumping 
stations was funded, in part, by federal and state grants of approximately 
$3,100,000 and $600,000, respectively. 

Additional grants have been awarded to the town for further pollution abate
ment projects. A federal grant of $540,000 and a state grant of $185,000 
are funding ongoing sewer rehabilitation to reduce infiltration and inflow 
(I/I) to the existing collection system. Finally, a Step I construction 
grant was awarded to the town in 1981 to be used for the preparation of a 
facilities plan for Lake Attitash and all remaining unsewered areas in 
Amesbury. A draft facilities plan (SEA Consultants, Inc., March 1983) is 
currently under review by the MDWPC. This report makes recommendations for 
expanding the municipal sewerage system to serve areas of town that have 
exhibited significant individual subsurface disposal system failures. The 
part of town receiving highest priority is the densely developed residen
tial area surrounding Lake Attitash. This is consistent with the recommen
dations for sewering around the lake made by the MDWPC (see Notoni and 
Chagnon, 1980) following the Lake Attitash Water Quality Study of 1977-1978. 
A final version of the facilities plan for Amesbury will be prepared follow
ing MDWPC and U.S. EPA review. The actual implementation of the recommenda
tions presented in the plan will be limited by the availability of sufficient 
funding. SEA Consultants, Inc. have recommended that the town of Amesbury 
apply for Step II and III Construction Grants for future sewerage system 
expansion to serve the high priority areas of town. 

Dunstable: This small town, with a population of approximately 2,000, 
relies entirely on individual subsurface systems for wastewater disposal. 
The MDWPC has not documented any water quality problems related to subsur
face system failures. In 1979 the Northern Middlesex Area Commission (NMAC) 
prepared a report entitled Pepperell/Dunstable Water Quality Study which 
presents a water quality'management plan for the two towns. Very few water 
quality problems_ were identified in the town of Dunstable. Recommendations 
for future water quality management included a septic system maintenance 
program, control of run-off from agricultural land, and improved landfill 
practices. Capacity for the acceptance of septage from Dunstable exists 
at the nearby Pepperell and Lowell WWTP's. 

Greater Lawrence Sanitary District (GLSD,l: The GLSD was formed in 1968 and 
includes the city of Lawrence and the towns of Andover, Methuen, and -North 
Andover. A secondary wastewater treatment facility with a design capacity 
to treat 52 MG□ was completed in 1978 to serve the four municipalities within 
the district. The treatment plant is located in North Andover and employs 
activated sludge techniques prior to effluent disposal to the Merrimack 
River. Wasted sludge is dewatered and incinerated on-site. Ninety percent 
of the funding for the construction of the GLSD treatment facility and asso
ciated pumping stations and interceptors was provided by a federal grant of 
over $38,950,000 and a state grant in the amount of $7,790,862. The re
maining 10 percent of construction costs were provided by the GLSD munici
palities. 
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The city of Lawrence is served by a combined sanitary and storrnwater co)lec
tion system. Tributary to it are sanitary sewerage systems serving Andover 
and Methuen. Stormwater collection systems in these towns are separate from 
the sanitary sewers. 

In September, 1982, Green International Affiliates, Inc. submitted to the 
city of Lawrence, the MDWPC, and U.S. EPA, a facilities plan that evaluates 
the municipal collection system in the northern portion of the city along 
the Spicket River. This tributary to the Merrimack River drains portions 
of the towns of Methuen, Massachusetts and Salem, New Hampshire, and flows 
southward through the city of Lawrence. The Spicket River interceptor is 
approximately 80 years old and extends from the corporate boundary between 
the city of Lawrence and the town of Methuen to the GLSD's north bank 
inter-ceptor along the Merrimack River. The Spicket River interceptor is a 
com-bined sanitary/stormwater system with a total of 14 overflows to the 
Spicket River. The facilities plan was funded, in part, by Step I 
Construction Grants of $170,000 (federal) and $34,077 (state). The pre
ferred alternative is to design and construct an interceptor parallel with 
the Spicket River that will tie in to the existing GLSD sewerage system and 
provide relief to the existing Spicket River interceptor. In addition to 
conveying sewage from the northern portion of the city of Lawrence, this 
interceptor will have the capacity to accept future wastewater loadings 
from Methuen and Salem, New Hampshire. Estimated costs for Step II (design) 
and Step Ill (construction) are $558,000 and $7,415,000 respectively, 
Additional recommendations in the Green International Report included 
improved street sweeping and catch basin maintenance to reduce the pollu
tion strength of stormwater runoff, and remedial repairs to the existing 
Spicket River interceptor, such as overflow plugging, removal of pipe 
constrictions, and reduction of infiltration to tributary systems. 

The existing wastewater collection system in the town of Andover consists 
of an estimated 65 miles of pipe, sections of which date back to the early 
19001 s. In 1923, the Riverina Road Pumping Station was constructed with 
associated force main and outfall sewer that conveyed most of the sewage 
from Andover, through the city of Lawrence, to the Merrimack River where it 
was discharged with no treatment, In addition, a smaller collection system 
in Ballardvale carried wastewater to a local treatment facility prior to 
ultimate disposal to the Shawsheen River. Although the town's collection 
system underwent considerable expansion in the 1960's, it was not until 
1977 that the GLSD treatment facility was completed and the discharge of 
untreated sewage from Andover to the Merrimack River was eliminated. At 
that time, too, the outlying Ballardvale_sewerage system was connected to 
the main collection system and the local ·treatment works were abandoned, 
Although treatment is now provided for Andover's wastewater, that · 
wastewater is still conveyed to the GLSD interceptor via the obsolete 
Riverina Road Pumping Station and force main/gravity sewer system in 
Lawrence. In 1979, a facil-ity plan was developed for the town of Andover 
by Camp, Dresser, & McKee, Inc. to evaluate existing and future wastewater 
handling needs throughout the town. Analy~i·s of the existing wastewater 
collection system revealed a lack of adequate capacity to convey future 
wastewater flows and surcharge at peak flows through the Riverina Road 
Pumping Station and downstream sewerage. Facilities plan recommendations 

102 



included the construction of a new pumping station to replace that on 
Riverina Road, and placement of a relief interceptor to convey sewage from 
the new pumping station to the GLSD interceptor in Lawrence. It was also 
recommended that a program be initiated to identify and reduce sources of 
infiltration and inflow (!/!) to the Andover collection system. 

Design work for the new pumping station and relief sewer was completed with 
the aid of a $264,000 federal grant and a $53,000 state grant. Design flow 
of the new facilities is 21.3 MGD and the estimated cost for construction 
is $7,600,000. To date, the town of Andover has not been awarded Step III 
construction grants for the recommended facilities. With limited construc
tion grants funding available statewide, it will be necessary to carefully 
review the proposed projects in Andover when developing priorities for con
struction grants in the future. 

Like Andover, the town of Methuen is served by a system of gravity sewers 
dating, in part, back to the early 1900's. Approximately 90 miles of pipes 
and associated pumping stations convey an estimated 7.5 MGD to the Lawrence 
sewerage system. Since much of the collection system in Methuen is at least 
50 years old, considerable structural deterioration has occurred resulting 
in significant 1/1 to the system. 

In 1976 a facilities plan was completed by Coffin & Richardson (C&R), con
sultants to the town of Methuen, that recommended a total of 12 individual 
projects that, when completed, would provide sewerage to unsewered areas of 
town and provide relief capacity to segments of the existing collection 
system subject to surcharging and sewage backup. Although a Step II design 
grant was awarded to the town of Methuen for the preparation of detailed 
engineering plans and specifications, the projects did not receive high enough 
priority for Step III construction grant funding. 

Coffin and Richardson completed a sewer system evaluation survey (SSES) for 
the town in 1981. Recommendations were made for the rehabilitation of seg
ments of the sewerage system that exhibited excessive infiltrdtion. Sewerage 
system improvements, including the construction of pumping stations and the 
installation of force mains, interceptors, laterals, and relief sewers have 
been initiated with the aid of federal and state grants of $8,399,449 and 
$1,826,094, respectively. 

In 1981 a facilities plan for the town of Salem, New Hampshire was completed 
by Wright-Pierce Architects and Engineers of Portsmouth, New Hampshire. 
The existing Salem wastewater treatment plant is hydraulically overloaded 
and has consistenly violated the effluent limitations presented in the 
NPDES permit. Furthermore, the Salem WWTP discharge to the Spicket River 
resulted in downstream water quality standards violations. The Wright
Pierce report examined three major alternatives for wastewater management 
in Salem: 1) upgrade existing WWTP to advanced treatment with discharge to 
the Spicket River; 2) rehabilitate existing secondary WWTP with discharge 
to the Merrimack River; and 3) connect Salem's collection system to the GLSD 
sewerage system with treatment provided at the Greater Lawrence WWTP. The 
final recommendation was option 3 above and on August 10, 1982, the town of 
Salem and the GLSD entered into an agreement to connect the two wastewater 
collection systems. 
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In February, 1983, CDM, Inc. submitted a Step I facilities plan that eval
uates alternative routes for the regional interceptor in Methuen that will 
convey wastewater from three locations on the Methuen-Salem, N.H. boundary 
to the terminus of the proposed Spicket River Interceptor (see 1982 Green 
International Affiliates plan cited earlier). This facilities plan is 
presently under review by the MDWPC. 

The final member community of the GLSD is the town of North Andover. It is 
in this town that the GLSD wastewater treatment fac1l1ty ,s located. With 
the exception of a small, densely populated area in the eastern portion of 
the town adjacent to the city of Lawrence, North Andover is not served by a 
municipal wastewater collection system. Rather, most of the towns resi
dents rely on individual subsurface sewage disposal systems. It is antici
pated that the town will continue to use on-site disposal systems in the 
foreseeable future. 

Haverhill: The city of Haverhill is served by a wastewater collection 
system that originally was designed to convey stormwater and sanitary wastes 
directly to the Merrimack River. In 1977, however, interceptors, pumping 
stations, and a new secondary wastewater treatment facility were completed 
that led to the elimination of most of the untreated discharges to the 
Merrimack River. The new treatment facility has a design capacity of 18.1 
MGD and consists of primary clarification, mechanical activated sludge, and 
disinfection. The dewatered sludge generated at the WWT? is disposed of at 
a municipal landfill that is nearing capacity. It is anticipated that an 
alternative means of sludge disposal will be needed within two years. In 
addition to a 1D percent local share, the above mentioned construction was 
funded by federal and state grants of over 4.2 million and 21 million 
dollars, respectively. 

Federal and state construction grants have been awarded to the city, more 
recently, for upgrading and expanding the sewerage system. With the aid of 
a $2,727,000 federal grant and a $546,000 state grant, an interceptor is 
presently under construction in the Ward Hi 11 area of the city that, to date, 
has been served by failing subsurface residential and industrial wastewater 
disposal systems. Furthermore, a state Step II grant ·was recently submitted 
to the city of Haverhill for the design of the Alpha Street interceptor 
which would eliminate a significant overflow of untreated wastewater to the 
Merrimack River. Construction of this interceptor, however, will be con
tingent upon adequate construction grant funding in the future. 

Finally, facilities planning will soon be underway to evaluate remaining 
wastewater management issues within the city of Haverhill. Among these are 
a sewerage needs assessment of unsewered areas of the city that have not 
been covered in earlier facilities plans, an evaluation of alternatives for 
handling sludge generated at the municipal WWTP in the future, and an 
assessment of the combined sewer overflows (CSO) in the city of Haverhill. 

A wastewater collection system serving the more densely developed portions 
of the town of Groveland conveys domestic sewage to the Haverhill WWTP. 
Prior to construction of this sewerage system in the late 1970's, the town 
relied wholly on on-lot subsurface disposal systems, many of which were 
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located in areas of unsuitable soil types. Furthermore, the new collection 
system eliminated the need for the package treatment plant and failing sep
tic system at the Pentucket Regional Junior High and High School complex 
that were known to have contributed to water quality problems in a small 
tributary to the Merrimack River. The remaining unsewered portions of the 
town of Groveland will continue to rely on subsurface disposal systems in 
the future. 

Lowell: Like the neighboring cities of Lawrence and Haverhill, the down
town portion of the city of Lowell has a very old wastewater collection 
system that, for many years, discharged untreated sanitary and industrial 
wastes directly to the Merrimack River. Further complicating clean-up 
efforts were a number of overflows occurring to the extensive canal system 
that flows underground through the city. In 1980, a municipal wastewater 
treatment facility at Duck Island and tributary interceptors 1~ere completed. 
The treatment facility, with a design capacity for 32.0 MGD utilizes primary 
clarification and mechanical activated sludge techniques. Final effluent 
disposal is to the Merrimack River with dewatered sludge disposal at the 
municipal landfill. Federal and state grants awarded to the city for inter
ceptors, pumping stations, and the Duck Island WWTP were in the amounts of 
52.5 and 11.5 million dollars, respectively. 

Interceptor installation related to the original treatment works construc
tion and collection system improvements is approximately 90% complete. 
Construction grants of $16,300,000 (federal) and S4,000,000 (state) were 
recently awarded for the implementation of Phase III sewer construction 
including interceptors, siphons, and diversion structures that will pick up 
remaining sanitary and combined flows and eliminate six existing dryweather 
discharges. A segment of the Phase III construction will include an inter
ceptor to the corporate boundary between Lowell and Chelmsford. Future 
wastewater flows from the town of Chelmsford may be connected at this point. 
It is anticipated that Phase Ill construction will be completed mld-1985. 

A facilities plan is currently in preparation to evaluate combined sewer 
overflows to the Merrimack River from the Lowell collection system. Using 
actual flow and quality data from the overflows, a calibrated water quality 
model has been developed which can be use_d to evaluate the impact of CSO on 
the receiving water during various storm and river flow scenarios. Further
more, levels of treatment at all or selected CSO can be evaluated in an 
effort to formulate a cost-effective management strategy. Implementation 
of CSO controls will be subject to the availability of adequate construction 
grant funding. Due to their magnitude and location upstream from a public 
water supply intake, Lowell CSO management should receive high priority for 
future Step III funds. 

Facilities planning was recently completed (Weston & Sampson, 1984) for the 
town of Chelmsford which is adjacent to and southwest of the city of Lowell. 
The town has a long history of problems related to inadequate subsurface 
disposal systems and improper septage disposal. Since 1964, no less than 
six different reports have been published that evaluated existing sewage 
disposal methods, existing and future wastewater management needs, and made 
recommendations for meeting those needs in the town of Chelmsford. All of 
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the reports cited dense development and unsuitable so11 types for subsur
face disposal systems as major contributors to water pollution problems in 
Chelmsford. 

The most recent previous fac111tles plan, completed in 1976 by Lawler, 
Matusky, and Skelly Engineers (LMS) concluded that an extensive sewerage 
system would be needed in Chelmsford to convey wastewater for treatment at 
the Duck Island WWTP 1n Lowell. A local wastewater treatment facility with 
a discharge to the Merrimack River was not considered feasible due to its 
proximity to the Lowell water supply intake. Recomnendatlons set forth in 
the LMS facilities plan were not implemented due to time constraints and 
the magnitude of funding required. Furthermore, at that time, the capacity 
of the Lowell sewerage system was inadequate to handle additional wastewater 
flows from Chelmsford. 

A new facilities plan, funded by a $222,000 federal grant and $45,000 state 
grant, was recently published by Weston & Sampson Engineers, Inc. This plan 
is a revision of previous invest1gations and includes a wastewater needs 
assessment and an evaluation of all feasible alternative treatment and dis
posal options. Since Phase II sewer construction is underway in Lowell that 
will extend interceptor capacity to the Chelmsford corporate boundary, the 
Weston & Sampson 201 report recomnended a phased program to design and 
construct a wastewater collection system in the town of Chelmsford. This 
sewerage system will convey wastewater to the Lowell collection system for 
conveyance to the Duck Island WWTP. The extent to which the reconrnen
dations in the facilities plan are implemented will depend on the availabil
ity of adequate Step Ill construction grant monies. 

The town of Dracut, located adjacent to and north of the city of Lowell, 
also exh1b1ts poor soils for the proper function of on-lot subsurface dis
posal systems. These soils in combination with a h1gh ground water table 
have contributed to numerous chronic system failures In many areas of 
Dracut. Surface and ground water contamination has occurred as the result 
of these malfunctioning septic systems. The town has been under a court 
order to abate water pollution problems since 1969. In 1975 an NPDES per
mit was issued to the town of Dracut that temporarily allowed the discharge 
of untreated sewage to Peppermint and Beaver brooks from numerous sources. 
Included in the perm1t was an implementation schedule for the elimination 
of the untreated overflows and connection to the Lowell wastewater collec
tion system. 

In response to the 1969 court order, the town hired Fay, Spofford & 
Thorndike, Inc. (FST) to prepare a plan for abating pollution 1n Dracut. 
Their "Report on Sewage Works" (1971) recommended a sewerage system to 
serve the town center, navy yard, and a few other densely populated sec
tions of Dracut. The collection system was to tie to the Lowell sewerage 
system for treatment at the Duck Island WWTP. In 1972, the town hired Camp 
Dresser, and McKee, Inc. (CDM) to design the proposed collection system. 

Using· Step III construction grants in the amount of SS,500,000 (federal) 
and $1,700,000, a total of 12 separate projects were initiated in the town 
of Dracut to provide sewage collection and treatnent as outlined in the FST 
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report. Most construction was completed and connected to the Lowell system 
in 1980. The remainder of the project is nearing completion. 

Finally, in 1981, COM submitted a draft facilities plan for the unsewered 
portions of the town of Dracut. This plan was funded with federal and state 
grants of $70,000 and $14,000, respectively. Reconmendations are for the 
expansion of the wastewater collection system into ten unsewered areas of 
town to be completed in four phases. Priorities for sewering are based 
primarily on needs assessment and population density. If the draft plan is 
found to be acceptable to the U.S. EPA and MOWPC, it will be implemented 
subject to the availability of construction grants. 

In 1977, Whitman & Howard, Inc. (W&H) completed a facilities plan for the 
town of Tewksbury which presented alternatives for providing sewer service 
to the southeast part of town with a connection to the Lowell sewerage sys
tem. An extensive construction project that includes almost 18 miles of 
interceptor and collector sewer and two pumping stations is nearing comple
tion aided by federal and state Step III grants of $12,330,000 and 
$2,466,000. 

The town of Tyngsborou~h entered into an agreement in 1977 with the town of 
Dracut that future was ewater flows from Tyngsborough would be conveyed 
through the Dracut sewerage system to Lowell for treatment at the Duck 
Island WWTP. The majority of the town of Tyngsborough relies on on-site 
subsurface disposal systems. Recently, however, sewer service was made 
available, through the installation of interceptors and pumping stations, 
to a small, densely developed area surrounding Mascuppic Lake in the north
east section of town near Dracut. This area exhibits many subsurface dis
posal system failures that are further augmented by numerous conversions of 
seasonal dwellings to year-round homes. Septic system failures and illicit 
sanitary connections to storm drains continue to contribute coliform bac
teria, solids, and nutrients to Mascuppic Lake. Elimination of these sources 
through the connection of individual residences to the sewerage system is 
essential to prevent further contamination of the lake. 

A facilities plan is· in··preparation to evaluate unsewered areas of the town 
of Tyngsborough to determine the need, if any, to expand the existing waste
water collection-system. A state grant in the amount of $83,800 provided 
funding for this planning project. 

Merrimac: A wastewater treatment facility was completed for the town of 
Merrimac in 1982. Designed for an average daily flow of 0.45 MGD, this 
plant utilizes an oxidation ditch to pro~ide secondary treatment prior to 
disinfection and final discharge to the Merrimack River. Tributary to the 
WWTP is a new wastewater collection system that is approximately 85% com
p1ete. This system will provide sewer service to the town center, 
Merrimacport, and a densely developed area adjacent to Lake Attitash. 
Approximately 0.20 MGD are presently being treated at the new WWTP. The 
collection system and treatment facility were constructed with the aid of 
federal and state grants of $5,009,923 and ·$957,041, respectively. The new 
treatment works and collection system will alleviate water pollution in 
Cobbler's Brook and other small streams in Merrimac, and will provide relief 
to areas of town exhibiting numerous faulty subsurface disposal systems. 
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Newburyport: For years, the city of Newburyport maintained a primary 
wastewater treatment facility that provided clarification and chlorination 
prior to disposal to the Merrimack River estuary. The treatment plant 
receives wastewater from an old collection system that is in need of reha
bilitation. Frequent hydraulic overloads and inadequate sewage treatment 
have led to the contamination and subsequent closure of valuable shellfish 
areas in the estuary. In 1967 the city was ordered by the MDWPC to abate 
pollution in the estuary so that shellfish areas could be reopened in the 
future. 

With the aid of a $12,384,518 federal grant and a $2,554,783 state grant, 
the existing wastewater collection and treatment system is currently under
going major renovations. The WWTP has been upgraded to a secondary facil
ity that utilizes the mechanical activated sludge process. Furthermore, 
construction grants have been awarded to the city for replacement of inade
quate sewer lines, installation of storm drains, replacement of faulty 
manhole covers, and cleaning and testing of over 10,000 feet of the 
existing sewerage system. Finally, studies are underway to evaluate future 
sludge management needs and control alternatives, and industrial pretreat
ment requirements. 

Salisbury: In 1979, Sheaffer and Roland, Inc. (S&Rl of Chicago, Illinois 
submitted a revised Wastewater Facilities Planning Study for the town 
of Salisbury. As a result of much comment from both the public and other 
state and federal agencies, S&R prepared an environmental impact report 
(EIR) that provides an expanded review and development of •11astewater treat
ment alternatives previously assessed in the facilities plan as well as 
the evaluation of other discharge locations, site selection, and treatment 
technology options. 

The need for a wastewater collection and treatment system in Salisbury is 
well documented. Sewage from Salisbury Beach is collected in an outdated 
sewerage system with no treatment except chlorination, and discharged to 
Black Rock Creek. Resulting water quality degradation has led to the closing 
of shellfish beds located downstream from the existing discharge. The town 
has been under orders since 1968 to cease the discharge of untreated waste
water to Black Rock Creek. Other small tributaries to the Merrimack River 
estuary, including Town Creek, are contaminated by faulty on-lot subsurface 
disposal systems ·1n the vicinity of the town center along Bridge and Beach 
roads. 

Alternatives for wastewater collection, treatment, and disposal are pre
sented in the revised Wastewater Facilities Planning Study and are examined 
in further detail in the EIR. The Elm Street site alternative for waste
water treatment is recommended by Sheaffe~ and Roland, Inc. and consists of 
an aerated lagoon system with rapid infiltration through sand, disinfection 
and ultimate discharge to a tidal creek which is a tributary to the Merri
mack River. Two 16 feet deep clay-lined aerated lagoons connected in series 
and having retention times of four days and six days respectively are pro
posed. Subsurface mechanical aerators will be used to minimize potential 
freeze-up problems in the winter. Two draiAS will be installed to return 
any seepage to the lagoons. Effluent from the lagoons will be conveyed to 
recharge beds totaling ten acres (eight separate beds) containing a layer 
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of free draining medium sand soil 14 feet deep. These recharge beds will 
be clay-lined and underdrained for collection of the treated wastewater. 
Prior to discharge to the tidal creek, the effluent will be disinfected 
through the use of ozonation. Wastewater flows to the year 2000 are 1.3 
MGD for peak summer periods when the beach area of town is visited by 
thousands of vacationers and D.7 MGD during the non-recreational season. 

In January, 1982, the Massachusetts Secretary of Environmental Affairs 
issued a decision that the Salisbury EIR presented "a full and fair eval
uation of alternative sites for a Salisbury Wastewater Facility" and that 
the report complied with all regulations in the Massachusetts Environmental 
Policy Act (MEPA). Following this decision, the town applied for and was 
awarded a Step II design grant in the amount of $724,000 for the prepara
tion of engineering plans and specifications for the proposed treatment 
works and appurtenant interceptors, pumping stations, and collector sewers. 

Remaining Towns: the towns of Littleton, Newbury, Westford, and West Newbury 
are situated only partially within the Merrimack River watershed and are 
generally less developed and more sparsely populated than the municipali
ties examined above. Proper zoning and strict adherence to the Title V 
regulations for individual or cluster subsurface disposal systems should 
negate the need for municipal sewerage systems in the future. It is recom
mended that all of the towns relying on subsurface systems for wastewater 
management investigate the possibility of instituting mandatory inspections 
and pumping of septic systems to insure proper sewage treatment and to pre
vent surface and ground water contamination. Furthermore, each municipality 
should exercise more control over the pumping, transport, and ultimate dis
posal of septage. All of these towns are located near municipalities with 
P0T'M' s that could accept septage for treatment. Therefore, it should not be 
necessary for these towns to undergo exhaustive searches for alternative 
means of septage disposal. 

Industrial Program 

Many industrial pollution abatement projects in the Merrimack River Basin 
have been completed and involve either treatment and discharge of wastewater 
on site, or pretreatment, if necessary, and conveyance of wastewater to a 
municipal treatment facility. Most areas of dense industrial development 
in the Merrimack River Basin are located in Lowell, Lawrence, Haverhill, 
and Newburyport, and, therefore, are served by municipal wastewater collec
tion systems. The majority of industries in these areas are tied to the 
municipal systems. 

As part of the 1120811 area-wide water quali'ty management planning process, 
the Merrimack Valley Planning Commission (MVPC) conducted a thorough inven
tory of all industries located in the cities and towns within their planning 
area. A list of these industries is presented town-by-town and by industry 
type in the MVPC Final Water Quality Status Report (1979). Also included 
is a summary of NPDES permits that have been issued to industries that do 
not discharge wastewater to municipal sewerage systems. In like manner, 
the Northern Middlesex Area Corrrnission (NMAC) has developed summary tables 
for all industries in Chelmsford, Dracut, Lowell, Tewksbury, and Westford 
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with effluent characteristics and status reports on treatment or pretreat
ment. 

To date, the MDWPC and U.S. EPA have regulated industrial wastewater manage
ment through the use of NPDES permits and pretreatment requirements. The 
Industrial Waste Section and Technical Services Branch are responsible for 
reviewing draft NPDES permits to insure compliance with municipal se'Ner 
ordinances, industry based treatment technology and/or surface water quality 
standards. Industrial discharge permits are included in the master list of 
NPOES permits in Section V of this report. Many industrial discharges are 
non-contact cooling water only and are not expected to cause water quality 
problems in the receiving waters. However, some industries, such as electro
platers, have constructed on-site treatment facilities for the removal of 
heavy metals or other contaminants. 

The U.S. EPA is presently developing effluent limitation regulations for 
all industry types. In accordance with the requirements of the Clean Water 
Act of 1977, the U.S. EPA will publish guidelines for both best practicable 
control technology (BPT) and best available technology (BAT). These guide
lines will be used, in part, to develop NPDES permit limitations for indus
trial discharges. 

The regulation of industrial wastewater discharges will be an important 
component of toxic pollution control programs in the future for the Merri
mack and other river basins. The Office of Research and Standards (ORS) 
of the Department of Environmental Quality Engineering is developing a 
procedure for estimating what potentially toxic chemicals may be present 
in a watershed based on the industry types present. Furthermore, the U.S. 
EPA has published water quality criteria ("White Book", 1980) for 64 toxic 
pollutants or pollutant categories pursuant to Section 304 (a) (1) of the 
Clean Water Act. These criteria are to be used as guidance when evaluating 
potential impacts on human health and aquatic life that may result from the 
introduction of toxic contaminants to the aquatic environment. Table 25 
presents a list of those pollutants or pollutant classes for which criteria 
documents have been published. 

It is apparent that when evaluating NPDES-permits for industrial discharges, 
BAT guidelines may result in effluent characteristics that, when discharged 
to a receiving water, may still exceed recommended water quality criteria 
for certain pollutants as set forth in the "white book" documents. The 
MDWPC is in the process of developing a comprehensive approach to evaluate 
potential impacts of discharges for which BAT will not meet "white book" 
criteria. Although in the planning stages at present, it is likely that 
protocol used for evaluating potentially deleterious discharges will 
include the use of aquatic toxicity testing and/or actual biological field 
studies to assess impacts. The latter would only be useful when investi
gating impacts of existing discharges, 

Ground Water Protection 

Water supply wells have been shut down in four communities within the 
Merrimack River Basin due to contamination by organic chemicals (see Table 
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TABLE 25 
POLLUTANTS FOR WHICH U.S. EPA QUALITY CRITERIA DOCUMENTS 

ARE AVAILABLE 

Acenapthene 

Acrolein 
Acrylonitrile 
Aldrin/Dieldrin 
Antimony 
Arsenic 
Asbestos 
Benzene 
Benzidine 
Beryllium 
Cadmium 

Carbon tetrachloride 
Chlordane 
Chlorinated benzenes 
Chlorinated ethanes 
Chloroalkyl ethers 
Chlorinated napthalene 

Chlorinated phenols 
Chloroform 
2-chlorophenol 

Chromium 
Copper 

Cyanides 

DDT 
Dichlorobenzenes 
Dichlorobenzidine 
Dichloroethylenes 

2,4-dichlorophenol 
Dichloropropanes/propenes 

2,4-dimethylphenol 
Dinitrotoluene 
Diphenylhydrazine 
Endosulfan 

Endri n 

Ethyl benzene 
Fluoranthene 
Haloethers 
Halomethanes 
Heptachlor 

Hexachlorobutadiene 

Hexachlorocyclohexane 
Hexachlorocyclopentadiene 

Isophorone 
Lead 

lll 

Mercury 
Napthalene 
Nickel . 

Nitrobenzene 
Nitrophenols 
Ni trosami nes 
Pentachlorophenol 

Phenol 
Phthalate esters 
Polychlorinated biphenyls 
Polynuclear aromatic 

hydrocarbons 
Selenium 
Silver 
Tetrachloroethylene 
Thallium 
Toluene 
Toxaphene 

Trichloroethylene 

Vinyl chloride 
Zinc 



22). Ground water cleanup procedures are usually very expensive. Two 
sources of funds for contamination cleanup are administered by the DEQE. 
The Office of Incident Response in the Division of Solid and Hazardous 
Wastes relies on a revolving fund to provide monies for the cleanup of oil 
and hazardous materials spills. In addition, the Division of Water Supply 
administers money earmarked for the prevention and cleanup of public water 
supply contamination. In the Merrimack River watershed, the ground water 
contamination sites in Groveland and Tyngsborough have also been targeted 
for U.S. EPA "superfunds" which may be used for aquifer assessment and 
cleanup operations if appropriate. 

Due to the high costs associated with ground water monitoring and pollution 
abatement, the DEQE ground water management program is directed toward the 
protection of existing clean aquifers by preventing further contamination 
throughout the state. A multifaceted strategy has been developed which 
includes the identification of existing ground water resources in Massachu
setts; documentation of aquifer protection needs; and the synthesis of 
existing and proposed laws, regulations, and policies to provide an inte
grated ground water management program. 

The DEQE is currently in the process of identifying existing ground water 
resources and evaluating potential sources of contamination. A Water Supply 
Protection Atlas has been prepared which illustrates drinking water supplies, 
sources of existing and potential contamination, and aquifers of favorable 
potential for future use. This atlas can be used to determine the level of 
protection required for various aquifers and to cite areas where land-use 
restrictions are needed. For example, regulations prohibit the siting of 
hazardous waste landfills or lagoons over aquifers that are existing or 
potential drinking water supplies. 

Revised regulations of the Massachusetts Division of Water Pollution 
Control were published on October 6, 1983 in the Massachusetts Register 
(Supplemental Issue No. 384 [b]l. Included in the regulations are the 
establishment of a Ground Water Discharge Permit Program (314 CMR 5.00) and 
promulgation of Massachusetts Ground Water Standards (314 CMR 6.00). The 
latter consist of ground water classifications which designate and assign 
ground water uses for which aquifers will be protected. Also included are 
water quality criteria necessary to sustain those uses. 

Anyone discharging or proposing to discharge pollutants to ground water in 
Massachusetts must be issued a permit to do so by the MDWPC. Permit con
ditions applicable to ground water discharges are outlined in Regulation 
314 CMR 5.00. In general, wastewater treatment to drinking water quality is 
required prior to discharge to the ground. Table 26 provides an inventory 
of ground water discharge permits that have been issued to date to dischargers 
located in the Merrimack River Basin.· However, many more applications have 
been received and it is likely that more permits will be issued in the near 
future. 
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TABLE 26 

MERRIMACK RIVER BASIN 

INVENTORY OF GROUND WATER DISCHARGE PERMITS 

STATE 
PERMIT 
NUMBER 

0-43 
0-51 
0-57 
0-58 
0-63 
0-69 
0-76 
0-79 
0-85 
0-87 
0-93 
0-96 
0-100 
0-129 
0-130 
0-137 
0-141 
0-149 
0-159 
0-160 
0-185 
0-203 
0-212 
0-214 
0-217 
0-218 
*** 

PERMITTEE 

Che1msford Vi11age 
Frequency Sources, Inc. 
Howard Johnson's 
Parlmont Realty Trust 
Whittier Technical High School 
Circuit Fab., Inc. 
Murray Printing Co. 
Digital Equipment Corp. 
Brooks School 
Westford Regency Inn 
Hildreth Realty Trust 
Colonial Drive Realty 
Wang Laboratories 
Patricia Drive R&O Park 
Donald Greenwood 
Steven Cantine 
Parker School 
The Gillette Company 
Holiday Inn 
Microwave Research 
Robert J. Moran, Inc. 
Nordb 1 um Co. 
Groveland Water & Sewer Dept. 
New England Apple Products 
Fox Hunt Condominiums 
Chelmsford Office & Research Park 
495/3 Tech Center 

* Draft permit in preparation 
** Issued under 314 CMR 5,17 
*** Unnumbered 
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MUNICIPALITY 

Chelmsford 
Chelmsford 
Chelmsford 
Chelmsford 
Haverhi 11 
Chelmsford 
Westford 
Littleton 
North Andover 
Westford 
Westford 
Andover 
Tewksbury 
Chelmsford 
Westford 
Littleton 
Chelmsford 
Andover 
Tewksbury 
North Andover 
Littleton 
Littleton 
Groveland 
Littleton 
Chelmsford 
Chelmsford 
Chelmsford 

EXP IRA TI ON 
DATE 

8-4-87 
3-23-88 
1-11-89 
1-15-89 
--* 

10-26-89 
Interim** 

Interim 
9-7-89 

Interim 

Temporary 

Temporary surface 



IX. FUTURE MONITORING PROGRAM 

A water quality monitoring program for the Merrimack River must evaluate 
the results of implementing past water pollution abatement projects and also 
must examine water quality issues that have not previously been addressed. 
It is anticipated that the following program will constitute an acceptable 
format for meeting both of these objectives. 

Intensive Water Quality Surveys: Intensive surveys of the Merrimack River 
were conducted by the MDWPC ,n 1974 and 1981. Future surveys of similar 
magnitude will be needed periodically to assess the effectiveness of pollu
tion abatement programs and to determine the status of surface waters rela
tive to their meeting water quality goals and objectives. This may be 
achieved by conducting one or more intensive surveys following the initia
tion of secondary treatment at Newburyport, the completion of collection 
system installation at Lowell, and implementation of combined sewer overflow 
controls throughout the watershed. 

Water Quality Mini-Surveys: In 1982 and 1983 a series of one-day water 
quality mini-surveys was conducted on the Merrimack River. Surveys of this 
type provide up-to-date water quality information which is not otherwise 
available until the next intensive survey. Furthermore, these surveys can 
be conducted throughout the year to provide water quality data at times 
other than critical low flow conditions. The MDWPC will continue to con-
duct these surveys periodically in order to monitor changes in water quality 
conditions and to provide data for updating the biennial Massachusetts Summary 
of Water Quality report, as mandated by The Clean Water Act. 

Toxic Monitoring: In the past, the involvement of the MDWPC with toxic 
pollution assessment was mainly at the research and demonstration (R&Dl and 
emergency response levels. A program has been initiated by the MDWPC and the 
U.S. EPA to regulate potentially toxic discharges through the use of NPDES 
permits and industrial pretreatment requirements. MDWPC toxics sampling will 
be directed at both impact assessment of existfog wastewater discharges as 
well as providing information for making recommendations for NPDES permit 
limitations, Particular attention will be focussed on industrial discharges 
and on effluents from municipal treatment facilities that receive significant 
industrial wastewater inflow, These include the publicly owned treatment 
works in Lowell, Lawrence, Haverhill, and Newburyport. MDWPC monitoring in 
the future may include toxicity testing of effluents and/or instream water 
quality assessments as deemed appropriate. In-stream, biosurveys may also 
be conducted when there is a need to assess the impact of potentially toxic 
discharges on aquatic organisms. 

Compliance Monitoring: Wastewater discharges in the Merrimack River Basin 
will continue to be sampled periodically to assure compliance with the 
limitations set forth in their NPDES permits. In addition, major discharges 
are sampled during stream water quality surveys to provide a complete data 
set for water quality assessment. The number of operation and maintenance 
(O&Ml visits to municipal wastewater treatment facilities wi 11 be increased 
through the newly established Technical Assistance Branch. Personnel of 
this branch will provide expertise in locating and correcting problems at 
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facilities that exhibit chronic malfunctions or recurring NPDES permit 
violations. 

Biological Monitoring: Benthic macroinvertebrate sampling was conducted at 
six stations on the main stem Merrimack River in 1974. Results were pub
lished in Merrimack River 1974 Benthic Macroinvertebrate Analysis (Bilger, 
MDWPC, 1976). Future macro1nvertebrate sampling may be needed to document 
post-treatment water quality improvements. Phytoplankton and chlorophyll a 
data will be obtained during intensive water quality surveys to assess -
impacts of nutrient enrichment of the Merrimack River. Finally, total and 
fecal coliform or other indicator bacteria samples will continue to be 
collected during all intensive and mini-surveys and compliance monitoring 
to be used for documenting sources of potential sewage contamination 
throughout the river basin. 

Ground Water Monitoring: The Massachusetts Department of Environmental 
Quality Engineering (DEQE) is presently developing a program whereby ground 
water quality data collected throughout the Commonwealth will be compiled, 
synthesized and made available to be used for identifying contaminated aqui
fers and establishing ground water quality standards. The role of the MDWPC 
will continue to center around the issuance of ground water discharge permits 
and enforcement of Title V regulations for subsurface wastewater disposal. 

Special Studies: Occasionally a need will arise for additional water quality 
and/or hydrological data from the Merrimack River Basin. This supplemental 
information may be required for waste load allocation projects, impact assess
ments, or evaluation of NPDES permit limitations. Evaluations of the water 
quality impacts of combined sewer overflows (CSO) or assessments of the 
potential for instream toxicity to aquatic life resulting from industrial 
outfalls are the kinds of investigations that may be needed in the future. 
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X. SUMMARY AND RECOMMENDATIONS 

This report is a revision of the original 303(e) water quality management 
plan for the Merrimack River Basin that was published in 1975 by the Massa
chusetts Division of Water Pollution Control. Included are a summary of 
past and on-going water pollution abatement activities in the watershed, an 
analysis of present water quality conditions in the Merrimack River, and a 
revised abatement plan for meeting the goals and objectives of the Massachu
setts Water Quality Standards. The revised plan consists of recommendations 
for further construction grant and NPDES permitting activities and a proposal 
for future monitoring that would include the assessment of toxic pollution 
and biomonitoring in addition to conventional water quality sampling efforts. 

Watershed Description: The Merrimack River is formed in Franklin, New 
Hampshire at the confluence of the Pemigewasset and Winnipesaukee rivers. 
It flows southward for 78 miles through the central portion of New Hampshire 
and into Massachusetts. Near the city of Lowell, Massachusetts the river 
turns to the northeast and flows 38 miles to the city of Newburyport where 
it empties into the Atlantic Ocean. The Merrimack River drainage basin, 
fourth largest in New England, is comprised of a total of 5,010 square miles 
in New Hampshire and Massachusetts. Only 24 percent, or approximately 1,200 
square miles, of the watershed are located within the Commonwealth of Massa
chusetts. 

From the state line to the Merrimack estuary, a distance of 50 miles, the 
river drops 90 feet in elevation. This drop includes flow over major dams 
in the cities of Lowell and Lawrence which also mark the location of signif
icant flow diversions through extensive canal systems. The United States 
Geological Survey (USGS) maintains a flow monitor on the Merrimack River at 
Lowell. The average discharge at this gage over 55 years of record is 7,474 
cubic feet per second (cfs) and the seven-day, ten-year low flow is approxi
mately 940 cfs. 

Water Use: For many years poor water quality severely limited the benefi-
cial uses of the Merrimack River. In recent years, however, implementation 
of pollution abatement programs has resulted in improved water quality con
ditions, thereby allowing for expanded water uses throughout the Massachu
setts segment. Today five municipalities utilize treated water from the 
Merrimack River for public supply. Potential fisheries include the ana
dromous Atlantic salmon and American shad, as well as numerous resident 
freshwater kinds. Furthermore, the potential exists for restoring a multi
million dollar shellfish industry in the Merrimack River estuary. Recreational 
and wildlife management activities in the Merrimack River Basin will continue 
to be enhanced with the abatement of water pollution. Finally, although such 
water uses as industrial supply and hydropower are extant, they no longer 
occur at the expense of water quality. Through pollution abatement and 
proper water resources management planning, multiple beneficial uses of the 
Merrimack River are attainable. 

Water Quality: For many years prior to the 1970's the water quality of the 
main stem Merrimack River in Massachusetts was adversely impacted by a number 
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of pollution sources. These included large volumes of untreated sewage that 
were released to the river in the cities of Lowell, Lawrence, and Haverhill, 
and the addition of contaminants from polluted tributaries such as the Nashua 
River which flows into the Merrimack River in Nashua, Ne-11 Hampshire. 

One of the most devastating impacts resulting from water quality degrada
tion in the Merrimack River was on the shellfish industry located in the 
estuary. Its clam flats comprise a total of over 850 acres which, at the 
turn of the century, were yielding almost 100,000 bushels of soft shell 
clams annually. Worsening conditions in the Merrimack River led to clo
sure of some shellfish flats as early as 1925. By the 1950's and 60's 
annual production had decreased to a few hundred bushels making the shell
fish industry virtually non-existent in the Merrimack estuary. 

Intensive water quality surveys were again conducted in the Merrimack River 
Basin in 1981. Prior to that, a two-day mini-survey was conducted on the 
main stem Merrimack River in July of 1979. Water quality improvements 
resulting from the construction of wastewater treatment facilities are 
readily apparent upon examination of 1979 and 1981 water quality survey 
data. Dissolved oxygen content in the river is now at or near saturation 
throughout most of the Massachusetts portion of the river. Furthermore, 
coliform bacteria counts have decreased significantly in segments of the 
river immediately downstream from urban areas. 

Water quality problems do still exist in the Merrimack River. Whereas oxy-
gen demand has been drastically reduced, nutrients are still present in con
centrations which promote the growth of phytoplankton. Nitrogen and phosphorus 
from upstream sources concentrate in the irnpoundment behind the Essex Darn in 
Lawrence, causing algal blooms in the summer months. A characteristic diurnal 
dissolved oxygen fluctuation occurs throughout much of the river. The major 
sources of pollution in the lower Merrimack River today are combined sewer 
overflows (CSO) in the old urban centers of Lowell, Lawrence, and Haverhill. 
In addition, untreated sewage is released to the Merrimack River in por-
tions of Lowell that still remain to be connected to the new wastewater 
treatment plant at Duck Island. The CSO and untreated discharges are indi
cated mainly by high coliform bacterial counts downstream from the three 
aforementioned cities. Bacteria levels steadily decrease downstream from 
the city of Haverhill due to both natural die-off and dilution. Despite 
the existence of a number of local sources of pollution around the Merrimack 
Estuary, such as sewage loadings to Black Rock Creek in Salisbury, the 
impacts on water quality of pollutants originating upstream are lessened by 
the flushing action of the tides. 

Water Quality Standards: Water quality goals and objectives for the Merri
mack River must be clearly defined in order to develop a comprehensive water 
quality management plan. The 1984 Massachusetts Water Quality Standards 
designated the entire Merrimack River system Class B or SB except for public 
water supplies which were designated Class A and the Basin in the Merrimack 
River estuary which was designated Class SA. Assigned uses of Class B 
waters are for the protection and propagation of fish, other aquatic life, 
and wildlife; and for primary (e.g., swimming) and secondary (e.g., boating 
and fishing) contact recreation. Class SB waters are assigned the above 
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listed uses plus shellfish harvesting with depuration. Finally, Class SA 
waters are designated the above listed uses plus shellfish harvesting 
without depuration in approved areas. 

The smaller tributaries to the Merrimack River are protected by antigrada
tion provisions that prevent new discharges without a variance issued by the 
MDWPC (refer to Table 4). These provisions are included in the water quality 
standards to restrict adverse water quality impacts on existing high quality 
waters and low flow waters with little assimilative capacity. They also 
prohibit new or increased discharges of nutrients into lakes, ponds, or 
tributaries thereto as a control measure against eutrophication. 

Water Pollution Abatement Program: By the 1960's poor water quality con
ditions were severely limiting the beneficial uses of the Merrimack River. 
As a result, a program was initiated to ameliorate water pollution problems 
in the river. Environmental legislation such as the Federal Water Pollution 
Control Act (PL92-500} provided funding ·for the construction of municipal 
wastewater treatment facilities and the elimination of direct river dis
charges of untreated sewage and industrial wastes. Today, secondary waste
water treatment facilities are in operation in Lowell, Lawrence, Haverhill, 
Amesbury, Newburyport, and Merrimac. Recent compliance monitoring and 
river sampling results indicate that BOD loadings from Lowell, Lawrence, 
and Haverhill have been reduced approximately 80 percent. In addition, 
construction of secondary facilities at the Newburyport WWTP was recently 
completed. 

Three major municipal wastewater treatment facilities along the Merrimack 
River have the capacity to accept additional wastewater loadings from neigh
boring communities: 1) the Greater Lawrence Sanitary District's facility, 
actually located in North Andover, currently treats wastewater from Lawrence, 
Andover, and Methuen. Plans have been developed for the collection and treat
ment of wastewater from Salem, New Hampshire at the Greater Lawrence WWTP in 
the future; 2) major sewerage construction projects are at or near completion 
in the towns of Dracut and Tewksbury for the transport of wastewater to the 
Lowell (Duck Island} collection and treatment facilities. A facilities plan 
was recently completed for the town of Chelmsford that recommends wastewater 
collection for t~eatment at the Lowell WWTP. The Lowell WWTP also has the 
capacity to treat future wastewater flows.from Tyngsborough should that op
tion be chosen. Facilities planning is underway; and 3) the Haverhill WWTP 
treats wastewater from portions of the town of Groveland. 

It is anticipated that the towns of Dunstable, Littleton, Newbury, North 
Andover, and West Newbury will continue to rely on individual subsurface 
sewage disposal systems. It is recommended that these towns investigate the 
possibility of establishing mandatory septic system inspection and maintenance 
programs. Furthermore, these towns should carefully monitor the pumping, 
transport, and ultimate disposal of septage. · 

Major sources of pollution in the lower Merrimack River today are combined 
sewer overflows (CSO) in Lowell, Lawrence, and Haverhill. Facilities plan
ning has been initiated for assessing impacts and recommending management 
practices for CSO in Lowell and Haverhill. It is anticipated that with proper 
CSO management, the Merrimack River will consistently meet water quality stan-

118 



dards. Therefore, it is recommended that CSO control recommendations receive 
high priority for construction grant funding in the future. 

Many industrial pollution abatement projects in the Merrimack River Basin 
have been completed and involve either treat~ent and discharge of wastewater 
on site, or pretreatment, if necessary, and transport of wastewater to a 
municipal treatment facility. To date the MDWPC and U.S. EPA have regu
lated industrial wastes through the use of NPDES permits and pre-
treatment requirements. Regulation of industrial discharges will also be an 
important component of toxic pollution control programs in the future for the 
Merrimack River. It is likely that procedures used for evaluating potentially 
toxic discharges will include effluent toxicity testing in the laboratory and/ 
or instream biosurveys to assess impacts. 

The OEQE is developing a ground water management program aimed at protecting 
existing clean aquifers. A strategy has been formulated that will identify 
existing ground water resources, document protection needs, and synthesize 
existing regulations into an integrated ground water management program. 

Future Monitoring Program: A complete monitoring program for the Merrimack 
River Basin has been developed by the MDWPC to maintain a current water 
quality data base. The monitoring progr~TI is comprised of the following 
elements: 

Intensive water quality surveys 
Water quality mini-surveys 
Toxics monitoring 
Compliance monitoring 
Biological monitoring 
Ground water monitoring 
Special studies 

It is imperative that the future monitoring program for the Merrimack River 
include the assessment of nonconventional pollutants and toxics. Future 
sampling for heavy metals in the sediments and water column must be expanded 
both in scope and in the level of precision required for proper data inter
pretation. In addition, the practice of wastewater disinfection by chlorina
tion needs further·assessment to minimize chlorine toxicity to fish and other 
aquatic organisms while providing adequate protection for public water supplies 
and other downstream uses (e.g. contact recreation). 
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Commonwealth of Massachusetts 

Water Resources Commission 

Division of Water Pollution Control 

MASSACHUSETTS SURFACE WATER QUALITY STANDARDS 

4.01: GENERAL PROVISIONS 

(1) Title. These regulations shall be known as the "Massachusetts 
Surface Water Quality Standards." 

(21 Organization of Standards. These standards comprise five units: 
General Provisions (314 CMR 4.01), Application of Standards (314 CMR 4.02), 
Water Quality Criteria (314 CMR 4.03), Antidegradation Provisions (314 CMR 
4.04), and Basin Classification and Maps (314 CMR 4.05). 

(3) Authority. The Massachusetts Surface Water Quality Standards 
are adopted by the Division pursuant to the provisions of M.G.L. c.21, 
§27. 

(4) Purpose. The Massachusetts Act charges the Division with the 
duty and responsibility to enhance the quality and value of the water 
resources of the Commonwealth and directs the Division to take all action 
necessary or appropriate to secure to the Commonwealth the benefits of the 
Federal Act. The objective of the Federal Act is the restoration and main
tenance of the chemical, physical and biological integrity of the Nation's 
waters. To achieve the foregoing requirements the Division has adopted 
these standards which designate the uses for which the various waters of 
the Commonwealth shall be enhanced, maintained and protected; which 
prescribe the water quality criteria required to sustain the designated 
uses; and which eontain regulations necessary to achieve the designated 
uses and maintain existing water quality including, where appropriate, the 
prohibition of discharges. 

(5) Definitions. As used in these standards, the following words 
have the fol lowing meanings: 

Artificial conditions - Those conditions resulting from human alteration of 
the chemical, physical or biological integrity of waters. 

Beneficial use - Any use not impairing the most sensitive use designated in 
the classifTcation tables contained in 314 CMR 4.05; except that in no case 
sha 11 the ass imil a ti on or transport of po 11.utants be deemed a beneficial 
use. 

Cold water fishery - Waters whose quality is capable of sustaining a year
round population of cold water trout (salmonidae). 
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Division - The Massachusetts Division of Water Pollution Control, as 
established by General Laws c.21, §26. 

Discharge - Any addition of any pollutant to the waters of the 
Commonwealth. 

EPA - The United States Environmental Protection Agency. 

Federal Act - The Federal Water Pollution Control Act, as amended, 33 
U.S.C. §W51, et seq. 

Massachusetts Act - The Massachusetts Clean Waters Act, as amended, General 
Laws, c.21, §§26-53, inclusive. 

Pollutant - Any element or property of sewage, agricultural, industrial or 
commercial waste, runoff, leachate, heated effluent, or other matter, in 
whatever form and whether originating at a point or major nonpoint source, 
which is or may be discharged, drained or otherwise introduced into any 
sewerage system, treatment works or waters of the Commonwealth. 

Primary contact recreation - Any recreation or other water use, such as 
swimming and water skiing, in which there is prolonged and intimate contact 
with the water sufficient to constitute a health hazard. 

Seasonal cold water fishery - Waters whose quality is capable of sustaining 
only an extremeTyl"imited cold water population on a year-round basis, with 
cold water fish in these streams provided largely by stocking. 

Secondary contact recreation - Any recreation or other water use in which 
contact with the water is either incidental or accidental, such as fishing, 
boating and limited contact incident to shoreline activities. 

Segment - A finite portion of a water body established by the Division for 
the purpose of classification. ·· 

Warm water fishery - Waters whose quality is not capable of sustaining a 
year-round cold water or seasonal cold water fishery. 

Waters of the Commonwealth - All waters within the jurisdiction of the 
Commonweal'ffi";" including, without limitation, rivers, streams, lakes, ponds, 
springs, impoundments, estuaries and coastal waters, but not including 
groundwaters. 

(61 Severability. If any provision of these standards is held inva
lid, the remainder of these standards shall not be affected thereby. 

(7) Repealer. The Massachusetts Water Quality Standards filed with 
the Secretary of the Commonwealth on September 15, 1978 are hereby repealed, 
except that all permits, orders, determinations or other actions of the 
Division, based upon such standards ~nd rtVer basin classifications, and 
any court actions seeking to enforce such standards, permits, orders and 
determinations shall remain in full force and effect until modified, 
amended, revoked or reissued by the Division and/or the courts of the 
Commonwealth, as appropriate. 
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(8) Effective Date. These standards shall become effective upon 
publication by the Secretary of the Commonwealth pursuant to the provisions 
of M.G.L. c.3DA, §6. 

4.D2: APPLICATION OF STANDARDS 

(1) Establishment of Effluent Limitations. In regulating discharges 
of pollutants to waters ofthe Commonwealth, the Division will limit or 
prohibit such discharges to insure that the water quality standards of the 
receiving waters will be maintained or attained. The determination by the 
Division of the applicable level of treatment for an individual discharger 
will be made in the establishment of effluent limitations in the individual 
discharge permits in accordance with 314 CMR 3.10(3), (4), (5) and (6). In 
establishing water quality based effluent limitations, the Division must 
consider natural background conditions, existing discharges, must protect 
existing downstream uses, and must not interfere with the maintenance and 
attainment of beneficial uses in downstream waters. Toward this end, the 
Division may provide a reasonable margin of safety to account for any lack 
of knowledge concerning the relationship between the pollutants being 
discharged and their impact on the quality of the receiving waters. 

(2) Mixing Zones. In applying these standards, the Division may 
recognize, where appropriate, a limited mixing zone or zone of initial 
dilution on a case-by-case basis. The location, size and shape of these 
zones shall provide for the maximum protection of aquatic resources. At a 
minimum, mixing zones must: 

a) Meet the criteria for aesthetics; 

b) Be limited to an area or volume that will m1n1m1ze interference 
with the designated uses or established community of aquatic 
life in the segment; 

c) Allow an appropriate zone of passage for migrating fish and 
other organisms; and 

d) Not result in substances accumulating in sediments, aquatic life 
or food chains to exceed known or predicted safe exposure levels 
for the health of humans or aquatic life. 

(3) H1drologic Conditions. The Division will determine the most 
severe hydro og1c condition at which water quality standards must be met. 
In classifying the inland waters of the Commonwealth and in applying these 
standards to such waters, the cri ti ca 1 low fl ow condition at and above 
which these standards must be met is the average minimum consecutive_seven
day flow to be expected once in ten years, unless otherwise stated by the 
Division in these standards. In artificially regulated waters, the criti
cal low flow will be established by the Division through agreement with the 
Federal, state or private interest controlling the flow. The minimum flow 
established in such agreement will become the critical low flow under this 
section for those waters covered by the agreement. 
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(4) Procedures for Sampling and Analysis. For the purpose of 
collecting, preservingand analyzingsamples in connection with these water 
quality standards, the fourteenth edition of Standard Methods of the 
Examination of Water and Wastewater published by the American Pi:ibTTc Health 
Association,or Methocrs-for Chemical Analysis of Water and Wastes published 
by the U.S. EnvironmentaTTrotection Agency shoulabeused.Where a method 
is not given in these publications, the latest procedures of the American 
Society for Testing Materials (ASTM) shall be used, or any other equivalent 
method approved by the Director. 

4.03: MINIMUM WATER QUALITY CRITERIA AND ASSOCIATED USES 

(1) Description of Contents. This part sets forth the Classes to be 
used by the Division inclassifying the waters of the Commonwealth 
according to the uses for which the waters shall be enhanced, maintained 
and protected. For each class, the most sensitive beneficial uses are 
identified and minimum criteria for water quality in the water column are 
established. In interpreting and applying the minimum criteria in 310 CMR 
4.03(4), the Division shall consider EPA guidance established in accordance 
with Section 304(b) of the Federal Act as it applies to local conditions 
including, but not limited to: 

a) The characteristics of the biological community; 

bl Temperature, weather, flow, and physical and chemical charac
teristics; and 

c) Synergistic and antagonistic effects of combinations of pollu
tants. 

(2) Coordination with Federal Criteria. The Division will use EPA 
criteria established in accordance with Section 304(a)(l) of the Federal 
Act as guidance in establishing case-by-case discharge limits for pollu
tants not specifically listed in these standards but included under the 
heading "Other Constituents" in 314 CMR 4.03(4), for identifying bioassay 
application factors and for interpretations of narrative criteria. Where 
the minimum criteria specifically listed by the Division in this part 
differ from those contained in the federal criteria, the provisions of the 
specifically listed criteria in these standards shall apply. 

(3) Classes and Designated Uses. The waters of the Commonwealth 
will be assigned toone of the classes listed below. Each class is defined 
by the most sensitive, and therefore governing, uses which it is intended 
to protect. The classes are: 

Classes for Inland Waters ----------
Class A - Waters assigned to this class are designated for use as a source 
of public water supply. 

Class B - Waters assigned to this class are designated for the uses of pro
tection and propagation of fish, other aquatic life and wildlife; and for 
primary and secondary contact recreation. 
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Class C - Waters assigned to this class are designated for the uses of pro
tection and propagation of fish, other aquatic life and wildlife; and for 
secondary contact recreation. 

Classes for Coastal and Marine Waters 

Class SA - Waters assigned to this class are designated for the uses of 
protection and propagation of fish, other aquatic life and wildlife; for 
primary and secondary contact recreation; and for shellfish harvesting 
without depuration in approved areas. 

Class SB - Waters assigned to this class are designated for the uses of 
protec1Ton and propagation of fish, other aquatic life and wildlife; for 
primary and secondary contact recreation; and for shellfish harvesting with 
depuration (Restricted Shellfish Areas). 

Class SC - Waters assigned to this class are designated for the protection 
and propagation of fish, other aquatic life and wildlife; and for secondary 
contact recreation. 

(4) Minimum Criteria. The following minimum criteria are adopted 
and shall be applicable to all waters of the Commonwealth. 

A. These minimum criteria are applicable to all waters of the 
Commonwealth, unless criteria specified for individual classes are 
more stringent. 

1. 

2. 

3. 

4. 

Parameter 

Aesthetics 

Radioactive Substances 

Tainting Substances 

Color, Turbidity, Total 
Suspended Solids 

Criteria 

All waters shall be free from pollutants 
in concentrations or combinations that: 
a) Settle to form objectionable 

deposits; 
bl Float as debris, scum or other matter 

to form nuisances; 
cl Produce objectionable odor, color, 

taste or turbidity; or 
dl Result in the dominance of nuisance 

species. 

Shall not exceed the recommended limits 
of the United States Environmental 
Protection Agency's National Drinking 
Water Regulations. 

Shall not be in concentrations or com
binations that produce undesirable fla
vors in the edible portions of aquatic 
organisms. 

Shall not be in concentrations or com
binations that would exceed the recom
mended limits on the most sensitive 
receiving water use. 
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5. Oil and Grease 

6. Nutrients 

7. Other Constituents 

The water surface shall be free from 
floating oils, grease and petrochemicals 
and any concentrations or combinations in 
the water column or sediments that are 
aesthetically objectionable or dele
terious to the biota are prohibited. For 
oil and grease of petroleum origin the 
maximum allowable discharge concentration 
is 15 mg/1. 

Shall not exceed the site-specific limits 
necessary to control accelerated or 
cultural eutrophication. 

Waters shall be free from pollutants in 
concentrations or combinations tnat: 

a) Exceed the recommended limits on the 
most sensitive receiving water use; 

bl Injure, are toxic to, or produce 
adverse physiological or behavioral 
responses in humans or aquatic life; 
or 

c) Exceed site-specific safe exposure 
levels determined by bioassay using 
sensitive resident species. 

B. Inland Waters - the following additional minimum criteria are appli
cable to inland water classifications. 

For Class A waters: 

1. 

2. 

3. 

4. 

5. 

6. 

Parameter 

Dissolved Oxygen 

Temperature 

pH 

Total Coliform Bacteria 

Turbidity 

Total Dissolved Sol ids 

Criteria 

Shall be a minimum of 5.0 mg/1 in warm 
water fisheries and a minimum of 6.0 mg/1 
in cold water fisheries. 

Shall not exceed 83°F (28.3°C) in warm 
water fisheries or 68°F (20°C) in cold 
water fisheries nor shall the rise 
resulting from artificial origin exceed 
4.0°F (2.2°C). 

As naturally occurs. 

Sha 11 not exceed a log mean for a set of 
samples of 50 per 100 ml during any 
monthly sampling period. 

None other than of natural origin. 

Shall not exceed 500 mg/1. 
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7. Chlorides 

8. Sulfates 

9. Nitrate 

f"or Cl ass B waters: 

Parameter 

1. Dissolved Oxygen 

2. Temperature 

3. pH 

4. Fecal Coliform Bacteria 

For Class C waters: 

Parameter 

1. Dissolved Oxygen 

2. Temperature 

3. pH 

4. Fecal Coliform Bacteria 

Shall not exceed 250 mg/1. 

Sha 11 not exceed 250 mg/1. 

Shall not exceed 10 mg/1 as nitrogen. 

Criteria 

Shall be a minimum of 5.0 mg/1 in warm 
water fisheries and a minimum of 6.0 mg/1 
in cold water fisheries. 

Shall not exceed 83°F (28.3°C) in warm 
water fisheries or 68°F (20°C) in cold 
water fisheries, nor shall the rise 
resulting from artificial origin exceed 
4.0°F (2.2°C). 

Shall be in the range of 6.5-8.0 standard 
units and not more than 0.2 units outside 
of the naturally occurring range. 

Sha 11 not exceed a log rnean for a set of 
samples of 200 per 100 ml, nor shall more 
than 10% of the total samp1es exceed 400 
per 100 ml during any monthly sampling 
period, except as provided in 310 CMR 
4.02(1). 

Criteria 

Shall be a minimum of 5.0 mg/1 in warm 
water fisheries and a minimum of 6.0 mg/1 
in co1d' water fisheries. 

Shall not exceed 83°F (28.3°C) in warm 
water fisheries or 68°F (20°C) in cola 
water fisheries, nor shall the rise 
resul Ung from artificial origin exceed 
4.0°F (2.2°C). 

Shall be in the range of 6.5-9.0 standard 
units and not more than 0.2 units outside 
of the naturally occurring range. 

Shall not exceed a log mean for a set of 
samples of 1000 per 100 ml, nor shall 
more than 10% of the total samples exceed 
2500 per 100 ml during any month1y 
samp1ing period, except as provided in 
310 CMR 4.02(1). 
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C. Coastal and Marine Waters - the following additional minimum cri
teria are applicable to coastal and marine waters. 

For Class SA waters: 

Parameter 

1. Dissolved Oxygen 

2. Temperature Increase 

3. pH 

4. Total Coliform Bacteria 

For Class SB waters: 

Parameter 

1. Dissolved Oxygen 

2. Temperature Increase 

3. pH 

4. Total Coliform Bacteria 

Criteria 

Shall be a minimum of 85 percent of 
saturation at water temperatures above 
77°F (25°C) and shall be a minimum of 6.0 
mg/1 at water temperatures of 77°F (25°C) 
and below. 

None except where the increase will not 
exceed the recommended limits on the most 
sensitive water use. 

Shall be in the range of 6.5-8.5 standard 
units and not more than 0.2 units outside 
of the naturally occurring range. 

Shall not exceed a median value of 70 MPN 
per 100 ml and not more than 10% of the 
samples shall exceed 230 MPN per 100 ml 
in any monthly sampling period. 

Criteria 

Shall be a minimum of 85 percent of 
saturation at water temperatures above 
77°F (25°C) and shall be minimum of 6.0 
mg/1 at water temperatures of 77°F (25°C) 
and below. 

None except where the increase will not 
exceed the recommended limits on the most 
sensitive water use. 

Shall be in the range of 6.5-8.5 and not 
more than 0.2 units outside of the 
naturally occurring range. 

Shall not exceed a median value of 700 
MPN per 100 ml and not more than 20% of 
the samples shall exceed 1000 MPN per 
100 ml during any monthly sampling 
period, except as provided in 310 CMR 
4.02(1). 
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For Class SC waters: 

Parameter 

1. Dissolved Oxygen 

2. Temperature Increase 

3. pH 

4. Fecal Coliform Bacteria 

Criteria 

Shall be a minimum of 85 percent of 
saturation at water temperatures above 
77°F (25°C) and shall be a minimum of 6.0 
mg/l at water temperatures of 77°F (25°C) 
and below. 

None except where the increase will not 
exceed the recommended limits on the most 
sensitive water use. 

Shall be in the range of 6.5-8.5 standard 
units and not more than J.2 units outside 
the naturally occurring range. 

Shall not exceed a log mean for a set of 
samples of 1000 MPN per 100 ml, nor 
shall more than 10% of the total samples 
exceed 2500 MPN per 100 ml during any 
monthly sampling period, except as pro
vided in 310 CMR 4.02(1). 

4.04: ANTIDEGRADATION PROVISIONS 

(1) Protection of Existing Uses. In all cases, from and after the 
date these regulationsbecome effective, the quality of the waters of the 
Commonwealth shall be maintained and protected to sustain existing benefi
cial uses. 

(2) Protection of High Quality Waters. From and after the date 
these regulations become effective, waters designated by the Division in 
310 CMR 4.05(5) whose quality is or becomes consistently higher than that 
quality necessary to sustain the national goal uses shall be maintained at 
that higher level of quality unless limited degradation is authorized by 
the Division. Limited degradation may be allowed by the Division as a 
variance from this regulation as provided in 310 CMR 4.04(6). 

(3) Protection of Low Flow 'waters. Certain waters will be 
designated by the DivisTonTn Regulation 5.5 of these standards for pro
tection under this section due to their inability to accept pollutant 
discharges. New or increased discharges of pollutants to waters so 
designated are prohibited unless a variance is granted by the Division as 
provided in 314 CMR 4.04(6). 

(4) National Resource Waters. Waters which constitute an 
outstanding national resourceascletermined by their outstanding 
recreational, ecological and/or aesthetic values shall be preserved. These 
waters shall be designated for preservation by the Division in 310 CMR 
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5.05(5) of these standards. Waters so designated may not be degraded and 
are not subject to a variance procedure. New discharges of pollutants to 
such waters are prohibited. Existing discharges shall be eliminated unless 
the discharger is able to demonstrate that: 

a) Alternative means of disposal are not reasonably available or 
feasible; and 

bl The discharge will not affect the quality of the water as a 
national resource. 

(5) Control of Eutrophication. The discharge of nutrients, pri
marily phosphorus ornitrogen, to waters of the Commonwealth will be 
limited or prohibited by the Division as necessary to prevent excessive 
eutrophication of such waters. There shall be no new or increased 
discharges of nutrients into lakes and ponds, or tributaries thereto. 
Existing discharges containing nutrients which encourage eutrophication or 
growth of weeds or algae shall be treated. Activities which may result in 
nonpoint discharges of nutrients shall be conducted in accordance with the 
best management practices reasonably determined by the Division to be 
necessary to preclude or minimize such discharges of nutrients. 

(6) Variances. A variance to authorize a discharge in water 
designated for protection under 31 □ CMR 4.04(2) may be allowed by the 
Division where the applicant demonstrates that: 

(a) The proposed degradation will not result in water quality less 
than specified for the class; and 

(b) The adverse economic and social impacts specifically resulting 
from imposition of controls more stringent than secondary treat
ment to maintain the higher water quality are substantial and 
widespread in comparison to other economic factors and are not 
warranted by a comparison of the economic, social and other 
benefits to the public resulting from maintenance of the higher 
quality water. In making such evaluation, the Division will 
apply, where appropriate, guidance documents published by EPA. 

In addition to the above, the applicant for a variance to authorize 
a discharge into waters designated for protection under 310 CMR 4.04(3) 
must demonstrate that: 

(cl Alternative means of disposal are not reasonably available or 
feasible. 

In any proceeding where such variance is at issue, the Division 
shall circulate a public notice in accordance with the procedures set forth 
in M.G.L. c.30A, §3. Said notice shall state that a variance is under con
sideration by the Division, and indicate the Director's tentative deter
mination relative thereto. To the ext nt feasible, the variance proceeding 
shall be conducted as part of any pend ng discharge permit proceedings pur
suant to M.G.L. c.21, §43. In any var ance procedure, the burden of proof 
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relative to justifying the variance shall be on the part requesting the 
variance. Any variance granted pursuant to this regulation shall not 
extend beyond the expiration date of the permit. 

4.05: BASIN CLASSIFICATIONS AND MAPS 

(1) Description of Contents. This part sets forth the procedures and 
guidelines the Division must follow in classifying the waters of the 
Commonwealth, and the classifications themselves. The procedural rules for 
classifying are contained in 310 CMR 4,05(2) through 4.05(4). 310 CMR 
405(5) contains maps and tabulations identifying the assignment by the 
Division of each segment to one of the classes set forth in 310 CMR 4.03 of 
these Standards, the designation of uses and associated criteria for that 
segment and the imposition of special limitations in 310 CMR 4.04(2) 
through 4.04(4) to that segment. 

(2) Designation of Uses. In determining the appropriate classifica
tion for a particular water, the Division must fulfill its statutory man
date as set forth in 310 CMR 4.01(4) of these standards. Wherever 
attainable, the Division shall designate the national goal uses of protec
tion and propagation of fish, shellfish, aquatic life and wildlife and 
recreation in and on the waters in classifying the waters of the 
Commonwealth. In determining whether the national goal uses are attainable 
for a given water, the Division has considered limitations imposed by 
natural conditions, irreversible artificial conditions and the availability 
of feasible technological treatment methods and designated the optimum 
number of beneficial uses attainable in the circumstances. 

(3) Other Applicable Standards. Waters classified by the Division 
in 314 CMR ~may be subject to additional restrictions pursuant to 
federal or Massachusetts statutes and regulations. Where such additional 
restrictions are known they are noted in the classifications in 314 CMR 
4.05 Where these restrictions impose requirements more stringent than 
required under the Massachusetts or Federal Acts, e.g. public health 
restrictions relative to water supplies, such restrictions shall be con
sidered and applied by the Division in classifying the waters to the extent 
authorized in the Massachusetts Act. 

(4) Fish~~ies Designations. For ihland waters certain specific cri
teria become applicable on the basis of their designation as a particular 
type of fishery. Therefore, inland segments are designated as cold water 
fisheries, seasonal cold water fisheries, warm water fisheries or for 
aquatic life. In seasonal cold water fisheries the criteria for cold water 
fisheries apply during the period of September 15 through June 30 annually, 
and criteria for warm water fisheries apply at other times. 

Where the Division determines that natural or irreversible con
ditions prevent the attainment of water quality capable of supporting a 
warm water fishery, a use designation of aquatic life has been made. In 
each segment so designated in 314 CMR 4.05(5), the criteria for a warm 
water fishery apply for constituents except those affected by the natural 
or irreversible condition, which constituents shall be governed by the most 
sensitive resident species as determined by the Director in consultation 
with the Massachusetts Division of Fisheries and Wildlife. 
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APPENDIX 2 
NPDES PERMIT LIMITS 

SANITARY WASTEWATER DISCHARGES 
(Limits are monthly averages in mg/1 unless otherwise noted) 

FLOW SUSPENDED (No. per. 

SOURCE (MGD) B0D5 SOLIDS 100 ml) 

Amesbury WWTP 1.9 30 30 1,000 
Dracut Middle School 0.08 30 30 1,000 
Greater Lawrence WWTP 43.0 30 30 1,000* 
Haverhill WWTP 18.1 30 30 1,000* 
Lowell (Duck Island) WWTP 26.0 3ll 30 1,000 
Merrimac WWTP 0.45 30 30 1,000 
Newburyport WWTP** 2.5 30 30 1,000 

Salisbury 0.685 30 30 1,000 
Western Electric #001B 30 30 

* Seasonal disinfection effective l\pri l 1 - October 15 only 
** Unissued Draft Permit 

(No. per. 

100 ml) 

20ll 
200 
200* 
200* 
200 
200 
200 

20 
200 

pH 
(STANDARD 

UNITS) 

6.0-9.0 
6.0-9.0 
6.0-9.0 
6.0-9.0 
6.0-9.0 
6.0-9.0 
6.0-9.0 

6.0-9.0 
6.0-9.0 



APPENDIX 2 (CONTINUED) 
NPDES PERMIT LIMITS 

METAL PLATING PROCESS WASTEWATER DISCHARGES 
(Limits are daily averages in mg/1 unless otherwise noted) 

F 

SOURCE* A B C D E 001A OOlC 0010 002 
Flow (MGD) 0.0023 0.025 0.025 
Temperature (°F)** 83 90 

pH (Standard Units) 6.0-9.5 6.0-9.5 6.0-9.5 6.0-9.5 6.0-8.5 6.0-9.5 6.0-8.5 6.0-8.5 6.0-8.5 
Suspended Solids 20 20 20 20 20 

Oil and Grease** 15 

Phosphate 2.0 

Si Iver (Ag) 0.15 
Aluminum (Al) 1.0 0.5 0.1 
Copper (Cu) 0.5 1.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

w Total Chromium (Cr) 0.5 0.5 0.5 0.5 (X) 

Hexavalent Chromium (cr+6) 0.05 0.05 0.05 
Cyanide (Total) 1.0 0.25 0.5 0.5 

Cyanide (Cl2 destr.) 0.05 0.10 0.05 0.05 
Fluoride 18 18 
Iron (Fe) 1.0 1.0 1.0 0.5 

Nickel (Nil 1.0 2.0 2.0 
Lead (Pb) 0.1 0.1 0.1 
Tin (Sn) 1.0 1.0 1.0 
Zinc(Znl 0.5 1.5 0.5 0.5 

*Sources: A - Coastal Metal Finishing, Inc., Merrimac ** Daily Maximum 
B - Gould, Inc., Newburyport 

C - Hylectronics Corp., Littleton 

D - Microfab, Inc., Amesbury 
E - Westford Anodizing, Westford 

F - Western Electric, N. Andover 



FLOW 

SOURCE (MGD) 

Exxon Corp. 

H. E. Fletcher 

w Fi let Wool 
<D 

Scouring 

Kenics Corp.** 0. 25 

Newburyport Water 

Treatment Plant 

San-Vel Corp. 

Wi 11 i am Tonner 0.012 

* lbs/day 

** daily maximw,1 limit 

APPENDIX 2 (CONTINUED) 

NPDES PERMIT LIMITS 

MISCELLANEOUS WASTEl,I\TER DISCHARGES 

(Limits are daily averages in mg/l unless otherwise noted) 

pH SETTLEABLE 

(STANDARD SUSI' ENDED SOLi DS OIL & TUkB!Ul rY 

UNITS) SOLIDS (ml /l) B005 GREASE (JTU) 

6.5-8.5 0.1 15** 

6.0-8.5 20 25 

5.5-9.5 6,000* 1,500* 50 

6.0-8.5 10 

5.0-8.5 30 0.1 

6.0-8.0 30 I], 1 

2* 35* 

TEMP ERATUkE 

(OF) COBALT SULFATE 

90 

0,5 1,800 



SOURCE 

Ace Plastics Corp. 
Astro Circuit Corp. 
Avco-Everett Research Lab 
Bixby International-

Haverhill 
Bixby International-

Newburyport 
General Electric Co. 
Haverhi 11 Paperboard #002 

#003 
Merrimack Paper Company 
Murray Printing Company #001 

APPENDIX 2 (CONTINUED) 
NPDES PERMIT LIMITS 

COOLING WATER DISCHARGES 

MAXIMUM 
DAILY 

FLOW TEMPERATURE 
(gal/day) (°F) 

54,000 90 

80 
150,000 70 
3,775 69 

5,000 69 

500,000 95 

25,000 80 

250,000 80 

200,000 80 
900,000 83 

#002, 003 500,000 100 

Vernon Plastics Corp. 40,000 75 

140 

pH 
(Standard 

Units) 

6.0-8.5 
6.0-8.5 

6.0-8.5 
6.0-8.5 

6.0-8.5 

6. 0-8. 5 

6.0-8.5 

6.0-8.5 

6.0-8.5 

6.0-8.5 

6.0-8.5 

6.0-8.5 
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