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OBJECTIVES OF THE WATER QUALITY STUDY 

This report follows a one-year intensive water quality study of Lake Attitash 
by the Water Quality and Research Section of the Massachusetts Division of 
Water Pollution Control. The data gathering period extended from May 16, 
1977 to April 24, 1978. 

The objectives of this Division in the present study were several: 

1. To carry out a diagnostic study of the lake's water quality 
leading to recommended methods for restoration/preservation; 

2. Data collection for the state's lake identification and 
classification program to fulfill the requirements of the 
Section 314 "Clean Lakes" section of the Federal Water 
Pollution Control Act (95-217); 

3. To satisfy the public's demand for attention to the existing 
and potential water quality impacts resulting from increased 
development and use of lake watershed areas; and 

4. To evaluate the effect of man's activities on the rate of 
eutrophication. 
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INTRODUCTION TO LAKE ATTITASH 

Description of Lake and Watershed 

Lake Attitash covering an area of 360 acres, is located within the town 
limits of Amesbury and Merrimac, Essex County, Massachusetts (Figure 1). 
The approximate center of the lake is located at a latitude of 42050'30" 
and a longitude of 70°58'5". Back River, the major inlet to the lake, 
drains extensive wetlands and farmland to the northwest of the lake as it 
flows through Sargent Mill Pond and a small, unnamed pond. On the south
western corner an unnamed feeder stream enters the lake after draining 
wetlands in that area. Lake Attitash's outlet flows from the northern end 
of the lake into Meadow Brook. Meadow Brook may flow through Tuxbury Pond 
and into the Powwow River. At low wat~r level both Tuxbury Pond and Lake 
Attitash flow into Meadow Brook. The Powwow River joins the Merrimack River 
in Amesbury, placing Lake Attitash within the Merrimack River Drainage Basin. 
Part of the watershed, a section of the Back River drainage, is in New 
Hampshire. 

Lake Attitash, previously called Kimball's Pond, was used as early as 1712 to 
insure adequate flow of the Powwow River. A dam was constructed at the outlet 
to the lake to raise the height of the water three feet so that when the Powwow 
River ran low the additional water from Lake Attitash would provide an adequate 
force to insure power for grinding. The Lake Attitash outlet dam is along a 
portion--approximately twenty-five feet--of Birch Meadow Read. The concrete 
bridge culvert is designed for three feet of flashboards. 

In 1740 the tunneling of pond ridge was accomplished to supply a more efficient 
outlet for Meadow Brook to Tuxbury Pond. The Department of Public Works for 
the Town of Amesbury has recently installed a new gate at the Meadow Brook out
let to Tuxbury Pond. This was done to be better able to control the occasional 
backwater flow of Tuxbury Pond through Meadow Brook and into Lake Attitash. 
The third dam in this series controlling outlet flow of Tuxbury Pond to the 
Powwow River is located above Newton Road. The flowage rights of this Great 
Pond are owned by the Town of Amesbury and managed by the Department of Public 
Works. 

A Bit About Amesbury and Merrimac 

The Town of Amesbury, with the exception of the downtown area, is rural in 
character. Population growth in the town since 1960 has been rapid. Multi
family development and increased economic activity are possible reasons for 
this recent growth. The 1975 population of Amesbury was 13,752 persons. 
Projected 1980 and 1985 population figures are 16,000 and 18,500, respectively 
(MVPC 1979). Water quality in the Lake Attitash area may be negatively 
affected by this increased development. 

Two main concerns in the lake watershed area are unwise use of the large amount 
of land available for residential development and conversions of summer cottages 
to year round residences. The latter may have septic tanks built on unsuitable 
soils for subsurface disposal and/or not able to handle a year round wastewater 
load. Residential conversion without septic tank "conversion" will result in 
system failure and lake pollution. 
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The Town of Merrimac faces the same residential conversion and septic problems 
in the Lake Attitash region. The town, as a whole, has avoided rapid develop
ment pressure preserving the small rural conD11unity character. The 1975 pop
ulation of Merrimac was 4,202. Predicted population figures for 1980 and 1985 
are 4,300 (MVPC 1979). A large portion of the Town of Merrimac in the Back 
River drainage area is in agricultural land. Recall that this eventually 
drains into Lake Attitash. The rural character of this region will likely 
be maintained, as planning boards are becoming more aware of the need to 
preserve agricultural land. How this agricultural use affects the water 
quality in the lake is not clear. 

Uses of Lake Attitash 

Use of Lake Attitash as a hydroelectric source began in the early 1900's by 
Merrimack Valley Power and Buildings Company. This company, which later 
became the Amesbury Electric Light Company, controlled the water level in 
Lake Attitash, Meadow Brook, and Tuxbury Pond by means of the dam at the 
Tuxbury Pond outlet. The pond level often fluctuated three or more feet 
during the summer and fall. The last generation of electricity took place 
in 1966 at which time it was no longer economical. The Town of Amesbury has 
purchased the flowage rights from the Massachusetts Electric Company. However, 
the Electric Company still maintains rights to the generation of electrical 
power. 

It's important to Amesbury's water supply to be able to control the flow of 
the Powwow River via the three dams. The town controls the level of Lake 
Attitash by releasing water to the Powwow River during low flow periods and 
by regulating Tuxbury Pond's outlet darn. A river intake was installed by 
Amesbury in 1965 to allow river water to be used as an emergency source of 
public water. Since that time the town has become dependent on the river 
source. The lake is classified as a secondary water source for the Town of 
Amesbury, 

The Town of Merrimac utilizes gravel infiltration wells located near the south
west shore of the lake. This well field has a characteristically high iron 
concentration, and is used only for a peak period demand. A newer well system 
for the Town of Merrimac is located in Sargent Field near Back River. Besides 
the role in public water supply, Lake Attitash and watershed provide a valuable 
recreational and residential asset. According to the Massachusetts Division of 
Fisheries and Wildlife records, the lake was crowded with vacation cottages as 
early as 1912. Presently, there are more than 250 seasonal and year-round homes 
located in the first and second tier surrounding the lake. In 1912 the lake 
furnished an area for recreational sports such as boating, fishing, and swim
ming in the sunD11er, with skating and ice-fishing in the winter. Currently, 
extensive use is made of the lake for the same recreational purposes. Motor
boating on the lake is heavy during the summer months by both lake shore 
residents and visitors~ A boat ramp, operated by the State in Merrimac on 
the south shore of the lake, provides ready access for visitors, allowing 
easy launching of all size motor boats. Lake shore residents are concerned 
over the increased use of the lake for high power (motors reported up to 300 
horsepower) motor-boating. Although no exact figures are available, use of 
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the lake for motor-boating has markedly increased during the.past two years. 
Due to the recent shortage and high price of gasoline, motor boat owners are 
increasingly choosing to use lakes closer to their homes. The boat ramp and 
lake are about three-quarters of a mile north of Route 495 and half a mile 
north of Route 110. There is no public owned transportation to the area. 

The Town of Merrimac maintains a beach (Indian Head Park) open to town resi
dents on the southwest shore of the lake near the state boat ramp. The Town 
of Amesbury does not maintain a public beach. Informal access is possible 
by Birch Meadow Road at the outlet of the lake. There is also a semi-private 
beach in Amesbury, Sandy Beach, located on the southeast shore. 

In addition to conventional recreational activity, Lake Attitash serves as 
a take-off and landing area for a small number of sea planes. A small airport 
is located on the southwest shore of Birch Meadow Pond. The sea plane activity 
on Lake Attitash has been of some concern to area residents. 

The multi-faceted use of Lake Attitash as an economic and recreational resource 
is similar to that of many lakes in Massachusetts. Lake Attitash is an impor
tant natural and aesthetic resource, as well as an important secondary public 
water supply, and should be protected. 

Current Watershed Land Use and Vegetative Cover 

An estimate of watershed land use was prepared using the Macconnell mapdown 
series based on aerial photos taken during 1971. The volume of the report 
used covered remote sensing in Essex County Massachusetts. The New Hampshire 
area of the Lake Attitash drainage basin was not used in calculating the per
centages. The New Hampshire watershed area drained by Back River tributaries 
represents 20 percent of the total drainage area. The New Hampshire area 
appears to be an undeveloped, rural region. 

In the Massachusetts' part of the Lake Attitash drainage basin (Figure 2) 12 
percent of the land was in agriculture and 48.8 percent was given over to resi
dential development. Wetlands occupy only 0.2 percent of the total, and 49 
percent remains as forest land. These percentages were based on a total water
shed area in Massachusetts, not including the area of the lake. 

The major portion of the wetlands is associated with the Back River in the 
region where it enters Lake Attitash. The inlet shore area is characterized 
by cattails and reeds which are emergent from the shallow wa•er. Thi~ affords 
a habitat for various birds. This area is popular for its bird 
hunting and is a valuable natural resource. 

Residential development is heaviest around the lakeshore and in the watershed 
north of Route 110. Housing pressures over the next decade may force more of 
the watershed land into residential development. Now, acreage given over to 
residential development is about the same as acreage in forest land. 

The forest cover in this drainage basin is made up of both mixed soft and hard woods. 
The major forest association in the region is an Oak-Hickory hard wood domina-
tion. An extensive red maple swamp exists at the southern end of the lake. 
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Most of the agricultural land within the watershed is located near the 
Back River drainage. In the northwestern corner of the drainage basin 
there is a cluster of agricultural land southeast of the small, unnamed 
pond. The other clump of agricultural land is north of Bear Hill draining 
down to the Back River. The farm in this area is a dairy farm supporting 
200 milking cows. The cropland supports acreage of corn, grass, hay, and 
alfalfa. The northern part of this farm lies within the Lake Attitash 
Watershed and includes five acres of pastureland, 53 acres of woodland, 
20 acres for wildlife, and 59 acres of cropland. Presently, the land is 
supplied with chemical fertilizers and manure from the dairy herd. However, 
there are plans to use this agricultural area for sludge disposal from the 
Town of Salisbury's proposed treatment plant. The sludge would be utilized 
in the place of fertilizer (Sheaffer and Roland, Inc. 1979). 

Zoning Practices in the Watershed Area 

The Merrimack Valley Planning Commission has recently prepared a report 
(March 1978) on land use element including both the Towns of Merrimac 
and Amesbury. The Amesbury area east of Lake Attitash is currently zoned 
for 20,000 square foot lots. The MVPC recommends a land use capability 
which makes this area high priority for medium residential densities and 
limited commercial and industrial activity. Multi-unit development would 
be permitted where Title 5 and structural conditions are met. There are 
some small pockets of good soil for septic system construction. The bor
ders of this parcel are the lake in the west; the lake, Kimball Road and 
Friend Street in the north; and West Whitehall back to Kimball Road in the 
east. 

The other parcel in the Lake Attitash watershed is in the northwest corner of 
town. The borders are the northern edge of the lake and Kimball Road to the 
east. The MVPC recognizes this area as having questionable soils for septic 
tank operation. The lake is the major attraction in this area and being 
directly connected with the water supply for the town, it is important not 
to degrade the water quality in the area. Thus, MVPC recommends low density 
development of 1 - l½ acre lots. The area is currently zoned for 10,000 
and 30,000 square-foot lots. This requires rezoning of the area, 

The area of land in the Town of Merrimac, north and west of Lake Attitash, is 
currently zoned for a minimum lot size of 80,000 square feet, the "Agricultural 
Residential" zone. There is a seasonally high water table and hardpan in this 
area which limits the use of septic systems. The MVPC recommends this area 
for low residential development. This is consistent with the present zoning 
of the area. They recognize Lake Attitash as an important natural and aes
thetic resource in this parcel. 

The parcel of land in Merrimac north of Route 110, with Lake Attitash present 
on the town line, is also currently zoned for a minimum lot size of 80,000 
square feet. The MVPC recommends keeping this low residential (conservation 
densities) development. 
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History of Lake Degradation 

This section presents water quality data gleaned from information sources for 
the purpose of complementing the 1977/1978 intensive water quality study. Al
though very little water quality data is available prior to 1977, limited data 
was collected by the Massachusetts Division of Fisheries and Wildlife (MDFW) 
in July 1912. At this time, the bottom substrate consisted of mud and rock 
with some sandy shoreline areas. The limited aquatic plant population con
sisted of "cowlilies" (Nuphar sp.), "floating heart" (Nymphoides cordatum), 
and "brook silk" which was possibly a macroscopic filamentous alga growing 
in mats. In 1912, plant growth was limited to the northern and northwestern 
areas of the pond. The mean depth of the lake was 14 feet (4m) with a maximum 
depth of 30 feet (9m). Subsequent data collected by the MDFW in July 1949 
characterized the lake at mean depth of 11 feet (3m) with a maxinrum depth of 
30 feet (9m). Since flow and water levels are regulated by man, the depths 
of the lake are highly variable. The current maximum depth observed was 25 
feet (8m) with a mean lake depth of 9 feet (3m). 

A major change since 1912 has been a large increase in the aquatic plant popu
lation. At present, the entire pond, with the exception of areas deeper than 
15 feet to 20 feet, has become colonized with aquatic plants. The dominant 
plant is naiad (Najas sp.) which is a common nuisance aquatic weed. Further 
data on the present status of the aquatic macrophyton population is presented 
in the results section of this report. 

Since this study, the Board of Health in Amesbury has received complaints 
(summer 1979) regarding algal blooms in the lake. No data on chlorophyll~ 
numbers are available for this period. During May 1977, when the intensive 
study conducted by MDWPC was in progress, the phytoplankton counts reached a 
maximum of 1,600 cells/ml. This is not considered bloom proportions (Weber 
1974) . 

Bacteriological sampling of Lake Attitash is routinely conducted by the Ames
bury Board of Health and the Merrimac Board of Health, The lake sampling by 
the boards includes the public beach, Indian Head Park in Merrimac; Sandy 
Beach in Amesbury; and the outlet at Birch Meadow Road in Amesbury. The 
Merrimac Board of Health closed the Indian Head Beach during July 1978 due 
to bacteriological contamination of the water. For more in-depth analysis 
of water quality, refer to the results and conclusions sections of this 
report. 

There is evidence of declining water quality in Lake Attitash. The water 
quality of the Back River inlet could be influenced by agricultural runoff. 
Also, apparent problems are probably related to recent septic system failures 
around the lake due to the inadequate ability of the systems to deal with 
the increased use that results when summer cottages are converted to year
round homes. More than 50 percent of the summer cottages that surround Lake 
Attitash have undergone such revamping. Septic system suitability will be 
discussed more in depth under soils section of this report. 

The present condition of the lake can be characterized by the State of Massa
chusetts Water Quality Standards. Class B waters, as defined by the Common
wealth of Massachusetts, Division of Water Pollution Control (MD\,PC 1978), 
are "designated for the uses of protection and propagation of fish, other 
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aquatic life and wildlife, and for primary and secondary contact recreation," 
Impact of lake degradation on the recreational users includes increased growth 
of phytoplankton as well as aquatic plants. Excessive growth of aquatic weeds 
has interfered with swimming and boating in the lake; while phytoplankton 
blooms diminish the aesthetic value of the lake and can decrease visibility 
to less than the four foot visibility required by the Massachusetts Department 
of Public Health at public beaches. This would necessitate the closing of 
public beaches on the lake. Besides the concern to recreational users, ground
water supplies may be jeopardized by these phytoplankton blooms. High phyto
plankton levels produce tastes and odors in the water, making it unfit as a 
water supply. Deterioration of water quality in Lake Attitash, which is such 
an important aesthetic, recreational, and economic resource, must be prohibited. 

On reading further, keep in mind the importance of protecting the total water
shed. Wetland areas act as buffer zones and developed areas affect groundwater 
quality. 

Watershed Management 

Currently, there are very few formal watershed.practices aimed toward lake 
management. Zoning regulations discussed previously limit the development 
of the land in the Lake Attitash area. Setback distances of on-site sewage 
disposal from watercourses by the towns offer some protection against pollu
tion of the lake by septic leachate. At this time, the Merrimac Board of 
Health requires a seventy-five foot minimum setback for single family and 
duplex residences. For multi-family and commercial, this setback requirement 
is increased to one hundred feet. The Town of Amesbury has recently developed 
a new septic system management plan; this is presented in Appendix 5. Homes, 
built before environmental awareness dictated the need for septic system con
struction controls, may need a total revamping of their subsurface disposal 
systems. 

The problem of sewage disposal in the Lake Attitash watershed area has been 
investigated under the authority of the Federal Water Pollution Control Act 
as amended in 1977. Section 208 of this Act sets the criteria for development 
and implementation of areawide waste treatment management plans. Section 201 
established a three step program for the construction of wastewater treatment 
facilities financed by federal funds, The steps consist of a planning report, 
construction drawings and specifications, and actual construction start-up. 

The"Final Water Quality Status Report for Merrimack Valley Region"prepared 
under the provisions of Section 208 by the Merrimack Valley Planning Commission 
(1979) included the Towns of Amesbury and Merrimac. They qualified the soils 
in the areas around Lake Attitash in Merrimac and Amesbury reporting septic 
system failures (Figure 3). The comment from the Department of Environmental 
Quality Engineering on the Merrimack Valley Planning Commission 208 report 
regarding the numerous septic system failures around the lake was that the 
only solution would be a municipal sewer system. The Merrimack Valley Planning 
Commission outlined the areas around the lake that are planned to have waste
waters treated by treatment plants in ten years (Figure 4). The area south
west of Lake Attitash has plans to sewer. The Town of Merrimac has applied 
for federal funds to finance the construction of these lateral sewers through 
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KEY TO FIGURE 3 

SOIL CHARACTERISTICS IN FAILURE AREAS* 

1 Slight 

2 - Moderate 

3D - Severe Hardpan, Deep 

3H - Severe Hardpan, Shallow 

3S - Severe Slope 

3W - Severe Wetness 

w - Water 

* Appendix 9 contains an explanation of Loils limitation for septic system use. 
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a housing and urban development--block grant. According to the MVPC (1979), 
Merrimack.wastewater treatment plant and interceptors.are at Step 3, the con
struction·as defined by Section·201. The 201 Facilities Planning Report for the 
Town of Merrimac was prepared by Camp, Dresser and McKee, Inc. (1977). They 
recommended sewage collection facilities along the Lake Attitash shore within 
Merrimac~ These plans include construction of sewers, a force main, and an 
ejector station. The sewage will go to the town's small secondary wastewater 
treatment plant which is predicted to go on-line around 1981. Currently, it 
is thought that the funding for the construction of lateral sewers in the 
Merrimac area of Lake Attitash will come from a HUD community block grant. 

SCA is currently preparing the 201 report for the Town of Amesbury. This 
report will be available in the spring of 1981. The final master plan will 
include treatment alternatives and will deal with the Lake Attitash watershed 
area as a whole, not being limited to just the Amesbury side. Plans for 
sewering in the Lake Attitash Amesbury watershed are in the beginning stages. 
Engineering feasibility cost effectiveness for sewering the area remains to 
be quantified. 

In terms of watershed management, the Lake Attitash watershed has received 
some attention in the areas of zoning regulations, septic system regulations 
developed by the Boards of Public Health, and areawide wastewater treatment 
planning mandated by the federal Water Pollution Control Act, 1977. A more 
comprehensive watershed management plan should be drawn up between the towns 
of Merrimac and Amesbury. This would include managing non-point sources of 
nutrient and pollutant input to the lake and inlets. 
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CHARACTERIZATION OF THE WATERSHED 

Morphological Data 

Lake Attitash has a surface area of approximately 360 acres (150 ha). 
The lake contains a single main basin with a shoreline length of 4.3 
miles. The index of shoreline development is 1.62. There are only two 
main coves. One is found near the outlet at the north end of the lake 
and the other at the northwest side of the lake near the inlet of Back 
River. Lake Attitash is a relatively shallow lake for its surface area 
with a maximum depth of 25 feet (7.6m) and the mean depth of nine feet 
(2.8m) (Figure 5, Table 1). The majority of the lake bottom receives 
sufficient light for the growth of aquatic plants and algae, because of 
the shallow mean depth coincident with the average water transparency of 
9.8 feet (3m). In addition, its gently sloping shoreline provides a large 
substrate area for growth of rooted aquatic plants. 

Geological Description 

The general soil associations in the towns of Merrimac and Amesbury are 
Paxton-Hollis-Canton to the north, and Hinckley-Windsor-Muck to the south. 

The soils in the Paxton-Hollis-Canton association formed in glacial till 
deposits. They occupy gently sloping to steep land forms of drumlins and 
ridges throughout the uplands of the region. These soils have fine, sandy 
loam surfaces. The surfaces of wooded areas often have many scattered stones 
and boulders. Bedrock outcrops are common in some areas, primarily on the 
steeper slopes. These soils are well-drained to excessively drained and are 
free of problems associated with soil wetness. This association is dominated 
by three major soils. The Paxton soils have loamy, slowly permeable substrata. 
They make up about 50 percent of the association. The shallow to bedrock 
Hollis soils constitute about 15 percent. The Canton soils have permeable 
sandy substrate and make up about 10 percent of the association. The remain
ing 25 percent of the association consists of numerous minor soils. 

The soils in the Hinckley-Windsor-Muck association formed in water sorted 
materials, primarily glacial outwash, and in pockets of organic materials. 
They are generally in the valleys on nearly level to rolling terraces, deltas, 
kames, and eskers. Numerous areas of this association are suited for agri
culture. Many soils in this group are free of water table problems and, in 
fact, are limited by draughtiness. Muck soils, unless drained, are too wet 
for most crops. This association is dominated by three major soils. The 
permeableHinckleysoils have sandy or sandy and gravelly substrata. They 
constitute about 40 percent of the association. The Windsor soils have 
sandy subsoils and are also very permeable. They make up about 30 percent 
of the unit. The wet or muck soils make up about 10 percent of the area. A 
number of other soils, minor in extent, make up the remaining 20 percent. 

A more detailed delineation of the occurrence of soil types is seen in 
Figure 6. The key which follows indicates the name, general description, 
and limitations of the soil type for septic system use. The U.S. Soil Con
servation Service has gathered the data used in creating this map. Their 
limitations on the use of septic systems in these soil types may be an in
dication of possible nutrient and bacterial contamination sources currently 
entering the lake. There are several developed areas around the lake that 
were built on soils which show severe limitations with septic system use. 
Other developed areas on the shoreline were built on soil types that show 
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TABLE 1 

LAKE ATTITASH STUDY 

1977-1978 

MORPHOLOGICAL DATA 

Drainage Basin Area 

Lake Surface Area 

Lake Volume 

Development of Volume 

Maximum Depth 

Mean Depth 

Mean to Maximum Depth Ratio 

Maximum Length 

Maximum Effective Length 

Maximum Width 

Maximum Effective Width 

Mean Width 

Shoreline Length 

Development of Shoreline 

Length of Tributaries 

Back River 

Back River Tributary(unnamed) 

Southwest Inlet (unnamed) 

21 

2,710. acre 

360 acre 

3,280 acre-feet 

1.1 

25 ft. 

9 ft. 

0.4 

6,570 ft. 

6,570 ft. 

4,940 ft. 

4,940 ft. 

2,410 ft. 

4.3 mi 

1. 6 

2. 3 mi. 

0.9 mi. 

0. 9 mi. 

1,100 hectare 

150 

4,051,000 

hectare 
3 

m 

7.6 m 

2.8 m 

2,000 m 

2,000 m 

1,510 m 

1,510 m 

730 m 

7.0 km 

3. 7 km 

1.4 km 

1.4 km 
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slight to severe limitations with septic system use depending on soil con
ditions in the immediate area (Figure 6,5,3). Thus, due to the local soil 
conditions it appears that the possibility of improperly installed septic 
systems and/or failing septic systems exist on the shoreline of Lake Atti
tash. This kind of problem can (and should) be investigated with dye tests 
in the septic tanks and re-administering the soil percolation tests. 

According to the U.S. Soil Conservation Service field technicians, the 
following types of areas are thought to represent major erosional potential: 
farmland in cultivation, logging roads and skid trails, road banks, unpaved 
roads, gravel pits, construction areas, stream banks, and utility right-of
ways (U.S.D.A., 1978). Found within the drainage basin are many unpaved roads, 
several miles of road banks, several gravel pits, and several miles of stream 
banks. The Back River is depositing sediment at its entrance to Lake Attitash. 
This is evidenced by the low-lying wetlands surrounding the inlet area. The 
shoreline in the lake basin is also subject to the erosion processes of wave 
action created by wind action, motor-boating, etc, The potential for soil 
loss from the watershed into Lake Attitash clearly exists. The nature of the 
outlet (overflow weir) is such that little soil or sediment from the water
shed will be lost, but rather redistributed from the drainage basin to the 
lake basin. 

Topography 

The general basin of Lake Attitash includes hilly areas with a maximum eleva
tion of 296 feet above mean sea level (MSL) in the region which surrounds 
the Back River. Most of the hilly areas are elevation 150-250 feet MSL. 
Elevation decreases closer to the Back River which begins at elevation 170 
feet MSL and ends at Lake Attitash at an elevation of 96 feet MSL. Much of 
the land immediately adjacent to the Back River is flat wetland. Immediately 
adjacent to Lake Attitash, along the east and the southwest shores are two 
small wetlands. The remainder of the area surrounding the lake consists of 
low hills. 

Hydrology 

The main source of flow into Lake Attitash comes from Back River which flows 
into the lake along the northwest shore. The Back River drains a large wet
land area at its headwaters and is joined by an unnamed tributary approximately 
one mile (1.6 km) below the headwaters. Additional wetland areas drain into 
Back River after it flows,through the first unnamed pond and again below 
Sargent Pond. Both ponds are less than five acres in size. The total lenp,th 
of Back River is 2.3 miles (3.7 km). The unnamed tributary to the Back River 
is 0.9 mile (1.4 km) long. A small portion of the flow into Lake Attitash 
is provided by the southwest inlet that drains a large wetland area north 
of Route 110. Water from Lake Attitash flows into Meadow Brook via the out
let at the north end of the lake. 

Climatology 

The general climate of the region is characterized by warm summers and moderately 
severe winters. These winters generally include long periods of very cold 
temperatures. The wind patterns passing over this area are generally referred 
to as the prevailing westerlies. The atmospheric disturbances and weather pat
tern generally gass in a west-to-east direction. The average annual tempera
ture is about 49 F (9.4°C). Temperatures vary depending on the elevation, 
slope, and other environmental aspects. Temperatures from lows of -30°F (-34.4°c) 

23 



5 I 15 

s~~ s ' 

.,, 
G) 
C 
::0 

N rn 
-"' '- "''' 

......___-, 
m 

13 

LAKE ATTITASH 

WATERSHED SOILS MAP 

2 AC ~" 
jil - ~,1 

LAKE 

ATTITASH 

\ \. 7 2 



KEY TO FIGURE 6 

SOIL TYPES - LAKE ATTITASH DRAINAGE BASIN 

Limitation for 
Soil Type Description Septic Svstem Use 

1 Charlton Very stony, fine sandy loam Severe 

2 Hinckley Loamy sand Slight-severe 

3 Walpole Fine, sandy loam Severe 

4 Merrimac Sandy loam Slight-moderate 

5 Paxton Very stony, fine sandy loam Severe 

6 Woodbridge Very stony, fine sandy loam Severe 

7 Deerfield Loamy sand Severe 

8 Sudbury Fine, sandy loam Severe 

9 Muck, shallow Severe 

10 Made soil, sands, gravel Slight 

11 Windsor Loamy sand Slight 

12 Millis Fine, sandy loam Severe 

13 Paxton Fine, sandy loam Severe 

14 Woodbridge Fine, sandy loam Severe 

15 Scarboro Fine, sandy loam Severe 

16 Merrimac Fine, sandy loam Slight-Severe 

19 Muck, deep Severe 

20 Fresh water marsh Severe 

21 Sutton Fine, sandy loam Severe 

23 Carver Loamy, coarse sand Slight-severe 

24 Paxton Extremely stony,fine, sandy loam Moderate-severe 

26 Canton Very stony, fine, sandy loam Moderate,-,severe 

29 Ridgebury Very stony & extremely stony, fine Severe 

sandy loam 

31 Buxton Silt loam Severe 

35 Ridgebury Fine, sandy loam Severe 

40 Acton Fine, sandy loam Severe 
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to highs of 105°F (40.6°c) have been recorded. The growing season (frost-free 
0 0 

period above a threshold temperature of 32 F (0 C)), averages 160 days per 
ye£. 

Mean annual precipitation is 42 inches per year and is rather evenly distributed 
throughout the year. Snowfall averages 50-60 inches per year. Topography has 
a marked influence on snowfall, causing much variation in relatively small 
geographic areas. The average annual runoff in this area is about 23 inches 
per year, or about one-half of the annual precipitation. Most surface runoff 
occurs in the months of March, April and May. The maximum flows generally 
occur in April. 
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METHODOLOGY 

Sampling Station Location 

Four separate sampling stations were established on Lake Attitash during 
the intensive study. The location of sampling stations can be seen in Figure 
5. 

Station 1 - the "deep hole" station on the lake; 

Station 2 - southwest inlet stream; samples were collected where the stream 
entered the lake from the wetland it drained; 

Station 3 - Back River inlet; samples were collected at the northwest end of 
the cove formed by the inlet of the Back River: 

Station 4 - the "north outlet"; samples were collected at the outlet of 
Lake Attitash into Meadow Brook. 

Morphology 

A bathymetric map of Lake Attitash was prepared using an original from the 
Massachusetts Division of Fisheries and Wildlife as confirmed in the field 
with a fathometer (Raytheon Model DE728A). Morphometric parameters were 
measured with a planimeter and rotometer according to Hutchinson (1957) and 
Welch (1948). Other pertinent map data (e.g., drainage basin area) were 
derived from the Newburyport West Quadrangle and the Haverhill Quadrangle 
(7.5 minute series) U.S.G.S. topographic maps. 

Physical and Chemical Data Collection 

Temperature profiles were made in the field with a Tele-Thermometer 
(USY Model 42SC). Transparency measurements were made with a standard 
20 cm. secchi disc. Field pH tests were taken with a Hach model 17N Wide 
Range pH Test Kit. Open water samples from the "deep hole" station were 
collected with a brass Kemmerer water sampler. The inlet and outlet samples 
were generally collected below the surface by hand after thoroughly rinsing 
the sample bottle. Dissolved oxygen samples were collected in the manner 
prescribed by Welch (1948). Dissolved oxygen concentrations were measured 
by the azide modification of the Winkler technique (Standard Methods for 
the Examination of Water and Wastewater, 14th ed. APHA 1976). Titrations 
were made within several hours after fixing in the field with manganese 
sulfate and alkali-azide-iodide reagents. The sulfuric acid was added just 
prior to the titrations in the laboratory. Samples for chemical analyses 
were transported as soon as possible to the Lawrence Experiment Station of 
the Department of Environmental Duality Engineering, Division of Laboratories, 
and analyzed according to Standard Methods(APHA 1976), and Methods for 
Chemical Analysis of Water and Wastes, (EPA 1979). 

Biological Data Collection 

Phytoplankton and Chlorophyll-~ 

Samples were collected by a standard procedure described by the Maine 
Department of Environmental Protection, Division of Lakes and Biological 
Studies. When the lake was unstratified, samples were collected by holding 
a clean and rinsed sample bottle several inches under the surface of the 
water until filled (approximately two liters). If stratification was evident, 
a composite sample of the water column above the therrnocline was taken, Each 
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sample consisted of a composite core taken with a 1/4 inch I.D. plastic 
tube with a weight attached to one end. The tube was lowered at the deep 
station to an appropriate point above the thermocline, pinched below the 
meniscus, and raised into the boat. The sample was allowed to drain into a 
clean and rinsed sample bottle. This procedure was repeated until an appro
priate volume (approximately 500 ml) was collected. 

The phytoplankton samples were normally analyzed for phytoplankton on the 
day of collection using a Whipple micrometer and Sedgewick-Rafter cell. 
Algal counts were reported as cells per ml, according to Standard Methods 
(,U,HA 1976). 

Chlorophyll_§!. analysis (Appendix 2) was based on methodology from a modified 
EPA fluorometric procedure developed by the Division of Water Pollution 
Control at Westborough (Kimball 1979). Filtered samples were refrigerated 
for 24 hours after being ground and extracted in 90 percent acetone. Fluoro
meter readings were taken at 750 and 630 nannometers before and after treat
ment with lN Hydrochloric acid (HCl) to correct for pheophytin. 

Aquatic Macrophyton 

The aquatic macrophyton community in Lake Attitash was located and mapped by 
slowly examining the entire littoral zone and cove areas. All habitats were 
sampled and the relative abundance of each plant type noted. Representative 
macrophytes were collected by hand and, in deeper water, by dragging a simple 
grappling hook with a weight attached to the shaft. Entire plants were 
generally taken for analysis, including flowers, fruits, and, if present, the 
roots, rhizomes, or tubers. Identification of the plant specimens was made 
using a stereoscopic microscope and various taxonomic keys. Some representa
tive macrophytes were preserved by placing them in a 5 percent formalin solu
tion. 

Bottom Sediment Sample 

A representative sample of surface sediments from Station 1 was collected 
using a standard 6 X 6-inch Ekman dredge. The sediment sample was placed 
in a plastic one-quart container, packed in ice, and transported to the 
Lawrence Experiment Station for analysis of heavy metals and nutrients 
according to Standard Methods (APHA 1976). 
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LIMNOLOGICAL RESULTS 

Temperature Data 

Temperature data for the deep water station (Station 1) of Lake Attitash 
appear in Table 2 and Figure 7. The lake began to stratify thermally by 
the first sampling survey on 16 May 1977. Thermal stratification was more 
pronounced by the ~econd sampling survey on 16 June 1977

0
when the surface 

temperature was 21 C and the bottom temperature was 16.5 C. At this time, 
the middle of the thermocline was at 10 feet (3.0 m). By 27 July 1977 the 
thermal stratification had disappeared and the lake was mixing throughout 
the water column. The lack of the "classical" thermal stratification 
throughout the summer months is probably due to the relatively shallow 
maximum sampling depth of 25 feet (7,6 m) and the wind conditions of the 
area. This condition remained through the fall, 1 November 1977, sampling 
date. During the winter the lake became ice-covered. Inverse stratifica
tion was evident during the 9 March 1978 sampling date. At this time the 
ice thickness was 21 inches(0,53 m) and the snow thickness was 7 inches 
(0.18 m), By the 4 April 1978 sampling event, after ice-out, thermal strati
fication had disappeared. Throughout the year the range of surface tempera
tures recorded were 0.0 to 23.0°c, while the range of bottom temperatures 
were 5.0 to 22.0°c. 

Sec.chi Disc Data 

Sec.chi disc visibility data for the deep water station, Station 1, appear 
in Table 3. Sec.chi disc visibility at Station l was very good throughout 
the year, ranging from a low of 4 feet (1.2 m) on 9 March 1978 to a high of 
13 ft. (4.0 m) on 16 June 1977. The value observed on 9 March 1978 was 
influenced by the small size of the hole chopped in the ice, In all cases, 
particularly during the summer months when the major recreational use of 
the lake is swimming, the sec.chi disc visibility was well above the 4-foot 
minimum visibility required by the Commonwealth of Massachusetts, Depart
ment of Public Health(l969)for swimming at public beaches. The minimum 
visibility is required for safety of the swimmers. 

Chemical Data 

Station 1: Deep Station 

The dissolved oxygen data from Lake Attitash is presented in Table 3 and 
Figure 7. The observed dissolved oxygen concentration in Lake Attitash 
never went below 5.1 mg/1 during the study. A hypolimnetic dissolved 
oxygen concentration equal to or greater than 5.0 mg/1 is considered to 
be representative of clean water quality by the Massachusetts Lake Classi
fication Program (DI-IPC 1978). 

On the sampling date 16 May 1977 the dissolved oxygen concentration of the 
water column at all depths was greater than 90 percent saturated. On the 
sampling date 16 June 1977 at a depth of 20 ft. (6 m) the dissolved oxygen 
concentration decreased to 88 percent saturated. The dissolved oxygen 
depletion at lower depths did not continue because of mixing. There was no 
observed oxygen stratification on either 27 July 1977, 23 August 1977, or 
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TABLE 2 

LAKE ATTITASH STUDY 

TEMPERATURE (°C) AND DISSOLVED OXYGEN (mg/1) DATA 

STATION 1 - DEEP HOLE 

5/16/77 6/16/77 

DEPTH (ft.) TEMP. D.O. DEPTH (ft.) TEMP. D.O. 

0 15.5 10.1 0 21.0 9.0 
5 15.0 9.9 5 20.0 9.2 

10 14.0 10.1 10 18.0 9.3 
15 13.5 10.0 15 16.5 9. 1 
20 13. 0 9.6 20 16.5 8.2 

7 /27 /77 8/23/77 

DEPTH (ft.) TEMP. D.O. DEPTH (fc.) TEMP. D.O. 

0 23.0 8.0 0 22.0 8.0 
5 22.0 8.0 5 22.0 8.0 

10 22.0 8.0 10 22.0 7.8 
15 22.0 8.1 15 22.0 7.9 
20 22.0 8.1 20 22.0 8.2 

11/1/77 3/9/78 

DEPTH (ft.) TEMP. D.O. DEPTH (ft.) TEMP. D.O. 

0 11.5 11.1 0 1.0 11. 6 
5 11.5 10.9 5 4.5 9.6 

10 11.0 11.0 10 4.5 7.5 
15 11. 0 10.8 15 5.0 6.4 
20 11.0 11. 1 19 5.0 5.1 

4/24/78 

DEPTH (ft.) TEMP. D.O. 

0 9.5 11.0 
5 9.5 11.2 

10 9.5 11. 1 
15 9.5 11.3 
20 9.0 11. 1 
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DATE 

Meters 

5/16/77 2.7 

6/16/77 4.0 

7/27/77 3.4 

8/23/77 3.0 

11/1/77 4.0 

3/9/78 1. 2 

4/24/78 2.6 

TABLE 3 

LAKE ATTITASH STUDY 

SECCHI DISC READINGS 

READING 

Feet 

9.0 

13. 0 

11. 0 

10.0 

13.0 

4.0 

8.5 

Weather Conditions & General Observations 

Clear, sunny, 10% cloud cover, 
slight breeze, surface calm, 
water slightly colored, 
time - 1030 hours 

Hazy, sunny, no breeze, surface 
calm, time - 1000 hours 

Clear, sunny, 5% cloud cover, 
wind 10-15 mphf surface choppy, 
water clear, time - 1000 hours 

Hazy, hazy sun, 80% cloud cover, 
slight breeze, surface calm, 
water clear, time - 1000 hours 

Clear, 25% cloud cover, wind 
5 mph~ surface mostly calm, 
water clear, time - 1045 hours 

Clear, sunny, 0% cloud cover, 
wind less than 3 mph: ice cover 
21 inches, water color yellow
green, time - 1000 hours 

50% cloud cover, wind 10-15 mphf 
surface choppy, water color 
brown, time - 1030 hours 

*Wind velocity is a rough qualitative estimation for comparative purposes. 
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1 November 1977, On the sampling date 9 March 1978 oxygen stratification 
was observed under the ice. This type of oxygen stratification curve is 
typical for temperate lakes under winter ice cover (Wetzel 1975). With 
the advent of ice formation, exchange of oxygen with the atmosphere ceased 
for all practical purposes and the mixing of water from wind action ceased. 
In the hypolimnion, dissolved oxygen concentration diminished as a result 
of chemical and biological oxidation processes. On the sampling date 24 
April 1978 (after ice-out), the water column was again mixed with approxi
mately 100 percent oxygen saturation. 

The pH observed for Lake Attitash ranged from a minim\Jlll value of 5.8 at the 
surface on 9 March 1978 to a maximum value of 7.4 at the surface and at 
20 ft. (6.0 m) on 23 August 1977. These observations are within the range 
of pH values for natural waters 6.0 to 8.5 (Hem 1970). 

The total alkalinity in the lake was low, averaging 11 mg/1 as CaCO. Total 
alkalinity represents the buffering capacity of the lake water top~ change. The 
Environmental Protection Agency recommends a total alkalinity value of 20 mg/1 
as CaC03 or more for a freshwater aquatic life, except where natural concen
trations are less (U.S. EPA 1976). Lake Attitash is a weakly buffered lake. 

Total hardness reported as mg/1 of CaCO for Lake Attitash ranged over the 
observed epilimnetic values of 21 mg/1 Eo 27 mg/1. These values characterize 
the lake as a soft water system. The groundwater in the area is also within 
the range of soft water systems; 0 to 75 mg/1 as Caco

3 
(Sawyer 1960). Ground

water data for Amesbury and Merrimac reported total hardness for 1971 as 
55.0 mg/1 and 49.0 mg/1 as CaCO, respectively (N. E. U.S. Water Sup-
ply Study(. Data collected in !975 for the Town of Merrimac's tubular wells 
on the south shore of Lake Attitash reported total hardness of 47 mg/1 as 
CaC03 (DEQE 1975). The low hardness content of the water agrees with a near 
absence of limestone-bearing strata in the watershed. This can be compared 
to the western region of Massachusetts which contains a substantial amount 
of limestone. Lake Buel in Monterey and New Marlborough, for example, ex
hibits a hardness in excess of 100 mg/1 (Chesebrough and Screpetis 1976). 

Nutrient concentrations in the epilimnion of Lake Attitash varied seasonally. 
Nitrogen concentration, as ammonia and nitrate, in the epilimnion on 16 May 
1977 was 0.13 mg/1; 16 June 1977 was 0.0 mg/1; 27 July 1977 was 0.0 mg/1: 
23 August 1977 was 0.01 mg/1; 1 November 1977 was 0.01 mg/1; 9 March 1978 
was 0.58 mg/1; 24 April 1978 was 0.24 mg/1 The summer concentrations of 
inorganic nitrogen were below 0.15 mg/1. This is the upper limit established 
by DWPC Lakes Classification Program(.1979)(0.15 mg/1) considered to be repre
sentative of clean water quality. The higher nitrogen concentrations, as 
annnonia and nitrate, in the epilimnion during the March and April 1978 
sampling dates are reflected in maxim= observed hypolimnion concentrations. 
The higher inorganic nitrogen concentration in the spring document the 
availability of this nutrient for summer productivity. Total Kjeldahl 
nitrogen measurements include the nitrogen occurring as ammonia and organic 
nitrogen. From comparing ammonia-nitrogen values to total Kjeldahl nitrogen 
values, it's obvious that most of the total nitrogen present in the water 
column throughout the season is bound as organic matter, 

The total phosphorus concentrations in the epilimnion averaged 0.03 mv/1. 
This concentration is considered to be a slight problem, This is a border
line case considered to be potentially degrading (DWPC 1979). Total phos
phorus concentrations observed in the epilimnion and hypolimnion were slightly 
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TAllLE 4 

LAKE ATTITASH STUDY 

RESULTS OF CHEMICAL A.~ALYSES (mg/1) 

STATION 1 - DEEP STATION 

PARAMETER 

DEPTH 

5/16/77 

10 Ft. 

6/16/77 7 /27 /77 

pH (Standard Units) 

Total Alkalinity 

Total Hardness 

Ammonia-Nitrogen 

Nitrate-Nitrogen 

Nitrite-Nitrogen 

Total Kjeldahl Nitrogen 

Total Phosphorus 

Orthophosphate 

Silica Dioxide 

Sulfate 

Chlorides 

Conductivity (µmhos/cm) 

Color (Standard Units) 

Suspended Solids 

Total Solids 

Iron 

Manganese 

7.0 

11 

21 

0.03 

0.1 

0.72 

0. 04 

0.0 

10 

20 

100 

30 

1. 0 

52 

0.07 

0.00 

Total Coliform (No./100 ml) 2,500 

Fecal Coliform (No./100 ml) <5 

Surface 

7.2 

11 

23 

0.00 

0.0 

0.42 

0.02 

0. 01 

0.0 

11 

18 

110 

20 

2.0 

80 

0.05 

0.00 

20 

<5 

34 

20 Ft. 

6.8 

12 

25 

0.00 

0.0 

0.40 

0.02 

0.01 

0.0 

11 

17 

110 

25 

0.5 

88 

0.05 

0.00 

Surface 

6.9 

12 

27 

0.00 

0.0 

0.31 

0.02 

1.2 

12 

18 

120 

25 

2.5 

64 

0.05 

0.03 

5 

<5 

20 Ft. 

6.9 

11 

28 

0.02 

0.1 

0.63 

0. 02 

0.4 

11 

18 

110 

25 

4.5 

86 

0.05 

0.03 

8/23/77 

5 Ft. 

7.4 

14 

25 

0.01 

o.o 
0.003 

0.78 

0.03 

3.7 

9 

20 

110 

30 

2 .0 

84 

0.04 

0.03 

20 

10 

20 Ft. 

7.4 

16 

27 

0.07 

0.0 

0. 001 

0.90 

0.03 

1. 3 

9 

20 

110 

2.0 

5.0 

134 

0.02 

0.02 



TABLE 4 ( CONTINUED) 

STATION 1 - DEEP STATION 

PARAMETER 

DEPTH 

pH (Standard Units) 

Total Alkalinity 

Total Hardness 

Ammonia-Nitrogen 

Nitrate-Nitrogen 

Nitrite-Nitrogen 

Total Kjeldahl Nitrogen 

Total Phosphorus 

Ortho-Phosphate 

Silica Dioxide 

Sulfate 

Chlorides 

Conductivity ()11Ithos/cm) 

Color (Standard Units) 

Suspended Solids 

Total Solids 

Iron 

Manganese 

11/1/77 

Surface 20 Ft. 

7. 0 7. 1 

12 13 

25 25 

0.02 0.01 

o.o o.o 
0.0 0.0 

0.80 0. 62 

0. 04 0. 02 

1. 2 

20 

20 

125 

25 

3.0 

76 

0.03 

0.01 

1.0 

8.0 

19 

110 

20 

1.5 

70 

0.05 

0.00 

Total Coliform (No./100 ml) 20 

Fecal Coliform (No./100 ml) 10 

35 

3/9/78 

Surface 20 Ft. 

5.8 6.2 

9 13 

24 27 

0.08 0.06 

0.5 0.1 

0.65 0.38 

0.02 0.01 

13 

15 

100 

2.5 

68 

0.13 

0.08 

<36 

<36 

9.9 

19 

120 

1.5 

72 

0.08 

0.05 

4/24/78 

Surface 20 Ft. 

6.8 7 .o 
10 10 

22 21 

0.04 0.03 

0.2 0.2 

0.38 0.40 

0. 02 0. 02 

4.6 

10 

19 

105 

20 

1.5 

66 

0.05 

0.02 

20 

<10 

3.7 

10 

19 

105 

30 

1.0 

54 

0 .15 

o. 08 



different during the sampling events in November and March, with the epilim
netic value being the higher of the two. None of the hypolimnetic samples 
indicated nutrient release from the sediments. 

Observed silicon dioxide values varied seasonally. The highest recorded 
epilimnion values occurred under ice cover on 9 March 1978. The lowest 
recorded values occurred on 5 May 1977 and 16 June 1977. The low silica 
dioxide values observed in May and June occur during a diatom peak. Silica 
is an absolute requirement for diatom frustule (skeleton) formation. 

The chemical parameters of sulfate, chlorides, and conductivity characterize 
the salinity of Lake Attitash. The average chloride concentration observed 
for Lake Attitash in the water column was 19 mg/1. This value is higher than 
the approximate average concentration of chlorides- in natural fresh waters 
of 8.3 mg/1 (Wetzel 1975). This concentration may be reflective of the loca
tion of the lake in the coastal plain zone or the result of road salting in 
the winter. If road salting is important to the chloride concentrations in 
the lake, then you would expect to see a spring runoff maximum. There is no 
apparent increased spring chloride concentration at Station 1. The observed 
chlorides concentration in the wells of the Town of Merrimac was 31 mg/1 
(DEQE 1975). The sulfate concentration and conductivity measurements in 
the water column did not show any major changes over the study period. 

The parameters of color, suspended solids and total solids, in part, indicate 
water appearance and transparency~ Water color, measured based on a relative 
scale, was acceptable at the deep water station. The observed values ranged 
from 30 standard color units to 20 standard color units. This is well below 
the recommended 75 standard color units for drinking water. Total solids 
were highest in the months of June, July, and August. Suspended solids made 
up a small portion of this total. These higher levels may be, in part, related 
to motor-boating on the lake. 

The iron and manganese concentrations for Lake Attitash at Station l were 
low. The highest value for iron (0.15 mg/1) was observed on 24 April 1978 
at a 20-ft. (6 m) depth. The typical range of total iron and manganese 
concentrations found in oxygenated waters of pH 5 to 8 is about 0.05 to 0.20 
mg/1 and 0.0010 to 0.850 mg/1 respectively (Wetzel 1975). 

Station 2 - Southwest Inlet 

This stream drains an extensive red maple (Acer rubrum L.) swamp. The total 
annual flow into Lake Attitash from this in~is minim"al. Water quality 
dats for this inlet appear in Table 5. There were only four successful 
sampling dates at Station 2. Samples were not collected during July 1977, 
March 1978, and April 1978 due to absence of flow, frozen conditions, snd 
backwater conditions, respectively. Observed values for pH and total alka
linity are comparable to the general water quality observed at the open water 
station, Station 1. Total hardness was at a maximum (41 mg/1) on November 
1977. Nutrient input to the lake from this inlet was low. Maximum total 
Kj eldahl nitrogen values occurred during August 1977 (1. 4 mg/1) and November 
1977 (1.3 mg/1). These values reflect the trend in the amount of organic 
matter in the stream water. Sulfate levels were at a maximum on 1 November 
1977 (26 mg/1) and corresponded to a high observed epilimnetic sulfate concen
tration and high observed sulfate concentration at the Back River Inlet. 
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High color values of 250, 150, 600 were observed for this stream on 16 
May 1977; 23 August 1977; 1 November 1977. High iron concentrations were 
also observed on these dates--0.54, 0.28, and 1.3 mg/1, respectively. 
Total solids on 23 August 1977 and 1 November 1977 were at a maximum for the 
stream--96 and 152 mg/1, respectively. The iron concentrations and total 
solids concentrations probably affect the co.lor and transparency of the 
stream. These maximum values do not appear to produce a major impact on 
the water quality of the lake. Analyses for methylene blue active substances 
were not significant. A high value for this test would demonstrate the 
presence of detergent surfactants at the inlet. 

Station 3 - Back River Inlet 

The chemical analyses for the inlet of the Back River to Lake Attitash 
are presented in Table 6. Back River drains through many acres of undeveloped 
wetlands and farmlands. This is the major inlet to the lake. This wetland 
area supports a large bird population as evidenced by the numerous duck 
blinds. 

The average observed pH and total alkalinity were 6.4 (standard units) and 
17 mg/1 as CaCO, respectively. The pH values were within range of the 
open water station. The average pH value for the inlet was acidic, A low 
pH value is considered normal for a swampy area. The total alkalinity value 
and the total hardness as mg/1 Caco

3 
are elevated over the observed open 

water concentrations. 

Total phosphorus concentrations at the inlet exceeded the recommended criteria 
(0.05 mg/1) for total phosphorus concentration in a stream at the point where 
it enters the lake (EPA 1976). On the sampling dates 27 July 1977 and 23 
August 1977 the observed concentrations were 0.07 mg/1 and 0.06 mg/1, re
spectively. Total phosphorus input was elevated over open water concentra
tions, implicating this inlet as a nutrient source for the lake. Iron con
centrations, color units, suspended solids concentrations, and total Kjeldahl 
nitrogen concentrations are also elevated over observed lake concentrations. 
These values are a result of organic and dissolved matter input from the 
drainage area. 

Station 4 - Outlet 

The chemical data for the outlet are presented in Table 7. 
date 16 June 1977 there was no visible flow at the outlet. 

On the sampling 
All the boards 

were in the dam and the water level was lower than the boards. The outlet 
samples for this date were taken on the Lake Attitash side of the bridge. 
The chemical parameters of pH, total alkalinity, total hardness, aimnonia
nitrogen, total phosphorus, silico~ dioxide, sulfate, color and manganese 
at the outlet reflect the concentrations at the open water station, Station 
1. Total Kjeldahl nitrogen (1.0 mg/1), suspended solids (6.0 mg/1) and 
total solids (100 mg/1) concentrations at the outlet are higher than observed 
concentrations at the open water station on 23 August 1977. The observed 
values for conductivity (150 unhos/cm) and chlorides (31 mg/1) are higher 
than Station 1 values on 9 March 1978. These levels are probably due to 
the salting of Birch Meadow Road, but do not appear to affect lake water 
quality at Station 1. 
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TABLE 5 

LAKE ATTITASH STUDY 

RESULTS OF CHEMICAL ANALYSES (mg/1) 

STATION 2 - INLET (SOUTHWEST INLET) 

PARAMETER 5/16/77 6/16/77 7/27/77 8/23/77 11/1./7.7 3/9/78 4/24/78 

pH (Standard Units) 

Total Alkalinity 

Total Hardness 

Ammonia-Nitrogen 

Nitrate-Nitrogen 

Nitrite-Nitrogen 

Total Kjeldahl Nitrogen 

Total Phosphorus 

Ortho-Phosphate 

Silica Dioxide 

Sulfate 

Chlorides 

Conductivity (µmhos/cm) 

Color (Standard Units) 

Suspended Solids 

Total Solids 

Iron 

Manganese 

6. 1 

12 

23 

0.04 

0.0 

0.90 

o. 04 

1. 8 

2 

25 

120 

250 

0.0 

68 

0.54 

0.05 

Total Coliform (No. /100 ml) 90 

Fecal Coliform(No./100 ml) 20 

Nethylene Blue-Active 
Substances 

6.8 

12 

25 

0.00 

0.1 

0.40 

0. 02 

0.01 

0.0 

11 

17 

110 

25 

0.5 

88 

0.05 

0.00 

38 

N 

0 

F 

L 

0 

6.6 

19 

29 

0.02 

0.0 

0.000 

1.4 

o. 04 

2.7 

1 

20 

120 

150 

6.5 

96 

0.28 

0.02 

600 

20 

6.2 

18 

41 

0.03 

0.0 

0.000 

1.3 

0.05 

8.0 

26 

24 

140 

600 

2.0 

152 

1.3 

0.30 

60 

<20 

0.04 

F 

R 

0 

z 

E 

-N 

B 

A 

C 

K 

w 

A 

T 
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TABLE 6 

LAKE ATTITASH STUDY 

RESULTS OF CHEMICAL ANALYSES (mg/1) 

STATION 3 - INLET (BACK RIVER) 

PARAMETER 5/ 16/77 6/16/77 7 /27 /77 8/23/77 11/1/77 3/9/78 4/24/78 

pH (Standard Units) 6.4 6.8 7.2 6.7 6.1 5.2 6.7 

Total Alkalinity 10 19 37 19 II 13 10 

Total Hardness 22 35 50 29 45 26 23 

Ammonia-Nitrogen 0.03 0.00 0.04 0.05 0. 02 0.29 0.05 

Nitrate-Nitrogen 0.1 0. I 0.1 0.1 0.1 o.o 0.5 

Nitrite-Nitrogen 0.003 0.004 0.0 

Total Kjeldahl Nitrogen 0. 80 0.65 0.81 0.93 I.I 0.78 0.43 

Total Phosphorus 0.04 0.04 0.07 0.06 0.03 0.04 0.02 

Ortho-Phosphate 0.03 

Silica Dioxide 3.1 0.0 12 I. 2 11 9.8 3.9 

Sulfate 12 26 22 12 45 11 

Chlorides 15 14 16 17 18 12 15 

Conductivity (µmhos/cm) 96 130 170 120 145 80 100 

Color (Standard Units) 150 100 60 50 450 70 

Suspended Solids 0.5 2.5 8.5 2.0 1.0 5.0 1.5 

Total Solids 28 108 116 76 138 72 52 

Iron 0.52 1.3 I.I 1.2 0.80 0.95 0.25 

Manganese 0. 04 0. 02 0.03 o. 15 0.12 0.06 0.03 

Total Coliform(No./100 mll 400 40 300 13,500 100 36 140 

Fecal Coliform(No./100 ml) 50 10 120 3,600 60 <36 <10 
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TABLE 7 

LAKE ATTITASH STUDY 

RESULTS OF CHEMICAL ANALYSES (mg/1) 

STATION 4 - OUTLET 

PARAMETER 5/16/77 6/16/77 7/27/77 8/23/77 11/1/77 3/9/78 4/24/78 

pH (Standard Units) 6.9 7.2 7.0 6. 7 7.1 6.2 6.9 

Total Alkalinity 12 9.0 12 19 14 13 11 

Total Hardness 21 24 28 24 25 25 23 

Annnonia-Nitrogen 0.03 0.00 0.00 0.01 0.01 0.07 0.02 

Nitrate-Nitrogen 0.1 0.0 0.0 0.0 o.o 0.1 0.2 

Nitrite-Nitrogen 0.000 0.000 0.000 

Total Kjeldahl Nitrogen 0.90 a.so 0.52 1.0 0.65 0.45 0.38 

Total Phosphorus 0.03 0. 02 0.03 0.03 0.03 0.02 0.02 

Ortho-Phosphate 0.01 

Silica Dioxide 0.0 0.5 0.4 3.8 1.2 10 4.2 

Sulfate 10 11 12 9 9 9 

Chlorides 20 16 18 20 19 31 19 

Conductivity (µmhos/cm} 110 110 110 110 110 150 100 

Color (Standard Units) 30 20 25 25 25 20 

Suspended Solids 1.0 0.5 3.5 6.0 2.0 2.0 0.5 

Total Solids 42 76 88 100 72 82 56 

Iron o. 08 0.02 0.07 0.02 0.05 0. 17 0.05 

Manganese 0.01 0.00 0. 02 0.00 0.01 0.07 0.02 

Total Coliform (No./ 100 ml) 1,000 60 1,100 540 20 36 20 

Fecal Coliform (No. /100 ml) 5 40 600 380 10 <36 <10 
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Sediment Analyses 

A grab sam~le of the bottom sediment from Station 1 was collected on 9 
March 1978, when the lake was covered with ice. The results of the chemical 
analysis• from these sediments are presented in Table 8 below: 

TABLE 8 

SEDIMENT ANALYSIS - LAKE ATTITASR 

STATION 1 - DEEP WATER STATION 

MARCH 9, 1978 

Sediments ppm (mg/kg) 

Total Kjeldahl-N 7,800 

Total Phosphorus 1,100 

Manganese 740 

Iron 47,000 

Chromium 50 

Copper 51 

Lead 200 

Zinc 220 

Cadmium 2.0 

Actual concentrations are compared with an average value for winter sedi
ments for other lakes in Massachusetts. The lakes included in the average 
were: Indian Lake, Lake Mattawa, Pontoosuc Lake, Waushakum Pond, White 
Island Pond, and Lake Winthrop. The Lake Winthrop value was not used for 
averaging copper concentrations because of copper sulfate treatment for 
microphyte growth. The observed values are less than the average calculated 
value for total Kjeldahl-N of 9,450 ppm; for manganese of 866 ppm: for 
copper of 107 ppm: for lead of 317 ppm; for cadmium of 3 ppm; and for 
zinc of 300 ppm. The observed values are greater than the average calcu
lated concentration for chromium of 30 ppm; for. iron of 34,000 ppm: for 
total phosphorus of 1,100 ppm. The high observed concentrations of total 
phosphorus in the sediments may be due to sedimentation of organic matter, 
ionic phosphorus adsorped on ferric hydroxides and ferric phosphate. The 
high iron concentration of the sediments are consistent with high iron con
centrations of the groundwater in Merrimac and Amesbury (N. E. U.S. Water 
Supply Study 1974). 

Biological Data 

Phytoplankton and Chlorophyll~ 

The results for microscopic examination are presented in Table 9. Maxi
mum phytoplankton counts of about 1,600 cells/ml were recorded during the 
May sampling event (Figure 8). At this time, the diatoms were the dominant 
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TABLE 9 

LAKE ATT1TASH STUDY 

MICROSCOPIC EXAMINATION 

Cells/ml 

5/16/77 6/16/77 7 /27 /77 8/23/77 11 /1 /77 

Cyanophyceae (blue-green algae) 

Anacystis sp. -- 10 
Aphanocapsa sp. -- -- 14 
Unidentified coccoid 114 -- -- 29 
Unidentified -- -- 14 

SUBTOTAL 114 10 28 29 0 

Bacillariophyceae (diatoms) 

+' 
Centric 

N 
Coscinodiscus sp. 744 
Cyclotella sp. 114 -- 29 
Melosi.ra sp. -- -- 14 
Stephanodiscus sp. 86 -- -- 14 

Pennate 

Asterionella sp. 229 77 -- -- 56 
Fragilaria sp. 29 
Meridion sp. -- 19 
Surirella sp. -- -- 14 
Synedra sp. -- -- -- 14 
Tabellaria sp. -- 67 -- -- 12 
Unidentified -- 10 43 

SUBTOTAL l, 202 173 100 28 68 



TABLE 9 ( CONTINUED) 

5/16/77 6/16/77 7/27/77 8/23/77 11/1/77 _, __ ,_ I, 

Xanthophyceae (yellow-green algae) 

Botryococcus sp. 29 

SUBTOTAL 29 0 0 0 0 

Chrysophyceae (golden-brown algae) 

Diuobryon sp. 29 14 14 106 
Mallomonas sp. 48 

SUBTOTAL 29 48 14 14 106 

Pyrrophyceae (dinoflagellates) 

Ceratium sp. 10 

" '-" SUBTOTAL 0 10 0 0 0 

Chlorophyceae (green algae) 

Dictyos2haerium sp. 100 
Oocystis sp. 10 
Radiococcus sp. 11, 
Scened esmus sp. 57 
Schroedria sp. 14 
SI:herocystis sp. 29 
Unidentified coccoid 143 29 29 
Unidentified flagellate 173 86 186 "II::_'-:'• 

Unidentified 29 
Epiphytes on Asterionella sp. 278 
Epiphytes on Dictyosphaerium Sp. 72 

SUBTOTAL 258 490 315 186 0 

TOTAL 1,632 731 457 257 174 
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algae. Blue-greens and greens were present in low numbers. Throughout the 
late spring and summer months algal counts ranged from about 250 to 730 cells/ml. 
The green algae were dominant at this time, while the blue-greens and dia-
toms were present in low numbers. During November phytoplankton ~umbered 
only 174 cells/ml. The dominant algae at this time were the golden browns 
(Figure 8). The phytoplankton analyses did not show these organisms to be 
a problem in Lake Attitash. A range of 0-2,000 cells/ml for the plankton 
parameter is indicative of an oligotrophic system (Weber 1974). 

This was further confirmed by the chlo 3ophyll ~ values observed on
3

the 
sampling date 16 May 1977 of 2.93 mg/m; 27 July 19~7 of 2.13 mg/m; 23 
Augu~t 1977 of 2.13; and 24 April 1978 of 1.65 mg/m. A range of Oto 3 
mg/m for the chlorophyll a parameter indicated an oligotrophic system 
(Weber 1974). Dominant phytoplankton genera on 16 May 1977 were Coscinodiscus sp. 
and Asterionella sp. Coscinodiscus are common within blue-green algal 
blooms (Prescott 1970). Asterionella sp. is an algal species common to lakes 

3 of increasing productivity. Their phophorus requirement is less than 0.2 mg/m 
This agrees with the low total phosphorus concentrations observed in the 
epilimnionic water of Lake Attitash (x ~ 0.03 mg/m). Also noticed during 
summer surveying, but not reflected in microscopic examination of surface 
waters was a filamentous alga covering a great portion of the lower littoral 
area to the deeper pelagic zone. The algal species was described as a si
phonous green color. 

Aquatic Macrophytes 

Aquatic macrophyte species were present in large numbers in Lake Attitash 
(Figure 10) (Chesebrough and Screpetis 1978). Aquatic plant growth is 
rapidly becoming a major problem in Massachusetts lakes. A survey conducted 
on 17 July 1977 and 23 August 77 determined that about 75 percent of the 
lake bottom was colonized by aquatic plants in varying densities of coverage. 
Naiad (Najas sp.), wild celery (Vallisneria americana), and waterweed (Elodea sp.) 
were the dominant plants in the lake. They are found throughout the main 
body of the lake to a depth of approximatly 15 feet (4.5 rn). However, they 
are not found along the shoreline where the substrate is sandy or rocky. In 
the cove where Back River enters the lake, aquatic plant growth was very 
dense. There, wild celery (Vallisneria arnericana) was dominant and species 
density was high. The shoreline of this cove was lined with a successional 
plant community structure composed of marsh species such as pickerelweed 
(Pontederia cordata), cattail (Typha latifolia) and various species of grasses 
(Cramineael and sedges (Cyperaciae). 

A major problem in Lake Attitash is the large aquatic weed population. The 
three dominant species mentioned above are all capable of rapid vegetative 
reproduction and colonization of the lake in very dense populations. Heavy 
aquatic plant growth is indicative of an adequate nutrient supply. This 
nutrient supply can exist in both the water or in the sediments. Each of the 
three species mentioned above possess roots that are able to anchor in the 
substrate and remove nutrients from it. The concentrations of nutrients 
in the sediments, however, were adequate to support growth. The concentra
tions of total phosphorus in the waters of the Back River inlet were also 
sufficient to support some growth. On 23 August 1977 this inlet was re
ported to have heavy plant growth covered with algal growth. 
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Bacteriological Analyses 

Bacteria of the coliform group are considered the primary indicators of 
fecal contamination and are one of the most frequently applied indicators 
of water quality. The fecal coliform bacteria, which comprise a portion of 
the total coliform group and are restricted to the intestinal tract of 
warm-blooded animals. The total coliform group includes soil bacteria. 
Bacteriological analysis of the lake, inlets, and outlet are presented 
in Tables 4, 5, 6, 7. Total coliform bacteria were high on 16 May 1977 
at the Station 1, open water station. Total coliform was also at a maxi
mum at the outlet at this time, while both inlets had low total coliform 
values. The higher total coliform count was observed without an accompany
ing high fecal coliform count. Total and fecal coliform counts were low 
at Station l throughout the remainder of the study. 

Total and fecal coliform counts observed at the southwest inlet, Station 2, 
do not present a pollution problem. 

Total and fecal coliform counts for the Back River inlet varied over a 
wide range. The highest input levels occurred on 23 August 1977. This 
represented a major contamination problem. Total coliform was 13,500 
counts/100 ml and fecal coliform was 3,600 counts/100 ml. The reconnnended 
criteria for fecal coliform are 200 counts/100 ml (Massachusetts Water 
Quality Standards 1978). Total and fecal coliform levels were 1,100 and 
600 count/100 ml, respectively, at the outlet, Station 4, on 27 July 1977. 
Fecal coliform was 380 counts/100 ml on 23 August 1977 at the same location. 
These high coliform counts at the outlet may be a result of septic leachate 
from the cottages built close to the water around this northern cove. 

Fish Populations 

Lake Attitash supports a fish population including the gamefish white 
perch, chain pickerel, and smallmouth black bass. Extensive shoal areas 
are present which are suitable for the reproduction of smallmouth black 
bass. The panfish present included yellow perch, pumpkinseeds, and crappie. 
The rough fish present included brown bullhead. Also numerous were the 
banded killifish. In past years, the lake was stocked with smallmouth 
black bass, bluegills, horned pout ,white perch, vellow perch, pickerel, 
and crappie (Massachusetts Division of Fisheries and Wildlife 1949). 

During the month of August 1978, there was a bluegill fish kill. A repre
sentative from the Massachusetts Division of Fisheries and Wildlife com
mented on the event as follows: 

The fish died during the heat wave and when the rain cooled the water 
temperature, they floated. Although the total coliform count at the time 
was higher than normal, it was not considered dangerous. Chemical contamin
ation was not a question because only one type of fish died. This event 
was viPwed as a fairly "normal fish kill." (Board of Health, Amesbury, 
Massachusetts 1978). (Personal communication.) 
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CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

Lake Attitash, a relatively shallow lake (7.6 m) for its size (150 hectare) 
is located in the towns of Amesbury and Merrimac. The lake is characterized 
as a mesotrophic lake using the lakes classification system developed by the 
Commonwealth of Massachusetts Division of Water Pollution Control (1979) 
and by noting the dense growth of aquatic vegetation. 

1. The lake did not thermally stratify during the sunnner. Inverse thermal 
stratification occurred under ice cover (March 1978). 

2. Dissolved oxygen concentration of the water column was good through
out the study. 

3. The visibility and color at the open water station were good through
out the year. Total solids were highest for the months of June, 
July, and August and may be related, in part, to motor boating on 
the lake. 

4. The lake was characterized as a soft water, weakly buffered aquatic 
system. 

5. Inorganic nitrogen concentrations in the spring document the availability 
of this nutrient for summer productivity, but represent no major 
problem. 

6. The average total phosphorus concentration at the open water station 
can be considered a slight problem and potentially degrading to the 
water quality of the lake. 

7. The southwest inlet flowed intermittently during the study. Nutrient 
input to the lake from this inlet was low. This inlet does not appear 
to produce a negative effect on the general water quality of the lake. 

8. The Back River inlet drains through many areas of undeveloped wetlands 
and farmlands. Total phosphorus input and dissolved materials input 
were elevated over open water concentrations, implicating this inlet 
as a nutrient source for the lake. 

9. The outlet showed major bacterial contamination during the summer. 
These high coliform counts may be a result of septic system failure 
in the developed cove area adjacent to the outlet. The homes in 
this area are bui.lt very close to the water on low land. Recently, 
bacterial contamination of the open water has been reported by the 
Board of Health in Merrimac. 

10. Phytoplankton did not present an observed nuisance problem during 
this study. Since that time nuisance blooms have been reported on 
the lake. 
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11. Aquatic macrophyte species were present in large numbers in Lake 
Attitash. They are not found along the shoreline where the sub
strate is sandy or rocky. They are present in large numbers at the 
Back River inlet. Their presence here may actually be beneficial 
to the area providing a habitat for the bird populations. The 
concentration of nutrients in the sediments is adequate to support 
growth of aquatic vegetation. 

12. Summer cottages were built on soils with severe limitation to 
septic system use and on soils that show slight to severe limita
tions to septic system use depending on soil conditions in the 
immediate area. Many cottages have been converted to year-round 
homes. There is probably septic leachate from some of these systems 
deteriorating the water quality of Lake Attitash. 

13. Currently, the water level of the lake is regulated by the Depart
ment of Public Works in Amesbury. During a normal year the policy 
of the department is to maintain the water at a relatively low level. 

Recommendations 

Lake Attitash is a valuable aesthetic, recreational, and economic r~source. 
Access to the l~ke is afforded by public beaches, a state-operated boat 
ramp, and perimeter roads. The watershed is not heavily developed, main
taining a pleasant rural character. The lake and the groundwater in the 
drainage basin are sources of public water supply for the towns of Merrimac 
and Amesbury. The Back River inlet is a vital natural resource providing 
duck habitat and a canoeing area. Because of the importance of the lake 
and its watershed, it is necessary to prevent any further deterioration. 

A documented septic system failure problem exists at the northern, western, 
and eastern ends of the lake. To prevent negative effects on the water 
quality of Lake Attitash something must be done about these failures. 
Also, other homes in the area are built on soils that will not be able 
to handle year-round sewage disposal. Specific recommendations for 
management of sewage disposal in the Lake Attitash watershed follow. A 
more thorough overview appears in Appendix 6. 

1. The Town of Merrimac has chosen to sewer most of the basin area 
around Lake Attitash. This process should be expedited as soon as 
possible by those concerned. It is anticipated that the construction 
of these lateral sewers will be funded through a Housing and Urban 
Development community block grant. 

2. The Town of Amesbury should consider sewering their area of the lake 
reporting septic system failure. This construction would be diffi
cult to have approved at a town meeting without a large grant of 
federal monies. 
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3. Both towns should revamp their septic system management regulations. 
They should include in this review development of mandatory mainten
ance programs requiring registration and periodic inspection and 
cleaning of systems. The cost of inspection could be distributed 
among the owners and the cost of pumping assimilated by those who 
require pumping. 

4. Both towns should conduct dye tests in the septic tanks of areas 
near the shore and re-administer the. soil percolation tests. The 
cost of this would be absorbed by the town. An alternative to the 
dye test is a "septic snooper study." Estimated cost for this type 
of study on Lake Attitash is included as Appendix 8. Results of 
these tests would quantitate septic leachate. 

5. In areas where there is no sewer line construction, improper 
functioning of a septic system should mandate the conversion to 
a tight tank or innovative system. 

6. The towns should also limit conversion of summer cottages and 
regulate existing conversions to lots of land on which the existing 
or proposed septic systems will be functional. This suitability 
can be determined by examining the soil permeability, the depth 
to the water table, the depth to the hardpan, distance from the 
lake, the slope of the land, and the direction of groundwater 
flow. 

Also important to preventing the downgrading of the recreational and 
aesthetic value of lake water quality are in lake management techniques. 
Ideas to improve and maintain existing lake quality follow: 

1) The towns of Merrimac and Amesbury should set up a task force to 
study the fluctuation of the water level in Lake Attitash. The 
level of the lake should be maintained at some optimum level which 
would insure that lakeshore septic systems are not flooded and 
that an adequate flushing rate is maintained. 

2) Limit the size of the motors and the use of motor boats on the 
lake. This action may be accomplished through a joint town meeting 
of Amesbury and Merrimac. 

3) Initiate a citizens' cooperation program where homeowners rake the 
leaves and weeds from in front of their residences, disposing of 
them in a landfill. It is not recommended to use any type of 
pesticide to "clean" out the weeds. Drawdown of the lake should 
be considered during the winter months for the purpose of clearing 
the shore areas of weeds from beaches and shore-front homes. 

4) Investigate the possibility of providing sandy, man-made beaches 
for private and public use. Aquatic vegetation does not grow well 
in this type of sandy substrate. Cost would involve purchasing 
the sand, hauling, dumping and spreading. 
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5) A task force should be set up to investigate the impact of pro
posed sewage sludge disposal on agricultural land in the Back River 
drainage area. 

Any effective pollution abatement program and lake protection program must 
have a sound and clearly defined watershed management program. This plan is 
important in protecting wetland areas as in the Back River drainage which 
act as buffer zones minimizing direct water runoff and sediment supply to 
the lake. This plan would also be important in mandating wise development 
and construction activities that would adversely affect lake water quality. 

1) A public information program should be established to reduce or 
eliminate the use of phosphate detergents in the watershed, to 
control the use of fertilizer, and to disseminate other important 
Lake Attitash information. 

2) The Town of Amesbury should decrease the zoning north of Lake 
Attitash to a minimum lot size between one to one and one-half acres. The 
zoning in the rest of the watershed is acceptable. The reasonini>; 
for this is presented in the text of the report. 

3) The towns of Amesbury and Merrimac should explore the ownership of 
the Back River inlet and possibly purchase the woodland area. 

4) More intensive sampling and flow measurements along the length of 
the Back River should be done to evaluate the source of nutrients 
to the river, including the impact of the agricultural activities 
in this drainage area. 

5) The towns of Merrimac and Amesbury should develop an integrated 
lake-shoreland management program. This action can be initiated 
by the formation of a local lake watershed council and the subse
quent development of a Watershed Protection District. An example 
of such is presented in Appendix 7. 
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APPENDIX 1 

A NOTE ON LIMNOLOGY AND LAKE RESTORATION PROJECTS 

Limnology is the study of inland fresh waters, especially lakes and 
ponds (leritic water vs. lotic water fer strefu~S and rivers). The 
science encompasses the geological, physical, chemical, and biological 
events that operate together in a lake basin and are dependent on each 
other (Hutchinson, 1957). It is the study of both biotic and abiotic 
features that make up a lake's ecosystem. As pointed out by Dillon 
(1974) and others before him, in order to underst~jd lake conditions, 
one must realize that the entire ~atershed and not just the lake, or 
the lake and its shoreline, is the basic ecosystem. A very iwportant 
factor, and one on which the life of the lake depends, is the gravita
tional movement of minerals from the watershed to the lake. Admittedly 
the report contained herein concentrates·mainly on the lake itself. 
Yet the foremost problem affecting the lakes and ponds today is accel..: 
erated cultural eutrophication, which originat~s in the watershed and 
is translated into various and sundry non-point sources of pollution. 
A great deal of lake restoration projects will have to focus on shore
land and lake watershed management. 

Hynes sums up the science well in stating ••• "The conclusions ••• are 
therefore that any interference with the normal condition of a lake o.:r 
a stream is almost certain to have some adverse biological effect, even 
if, from an engineering point of view, the interference results in con
siderable improvement. At present it would seem that this is little 
realized and that often much unnecessary damage is done to river and 
lake communities simply because of ignorance. It is of course manifest 
that sometimes engineering or water-supply projects have over-riding 
importance; and even if they have not, the question of balancing one 
interest against another must often arise. But, regrettably, even the 
possibility of biological consequences is often ignored. It cannot"be 
emphasized too strongly that when it is proposed to alter an aquatic 
environment the project should be considered from the biological as well 
as the engineering viewpoint. Only then.can the full implications of the 
proposed alteration be assessed properly, and a reasonable decision be 
taken. Obviously this will vary with the circumstances and the relative 
importance of the various consequences involved, but, as present, unneces
sary and sometimes costly mistakes are often made because the importance 
of biological study is unknown to many administrators. Often, as for 
instance in drainage operations, it would be possible to work out compro
mises which would satisfy both engineering and biological interests".* 

* Hynes, H'.B.N. 1974. The Biology of Polluted Waters. 
University of Toronto Press, Toronto, Canada. 

t 
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APPENDIX 2 

EUTROPHICATION 

The term "eutrophic" JD:eans well-nourished; thus, "eut:rophication" refers 
to natural or artificial addition of nutrients to bodies of water and to 
the efiects of added nutrients (Eutroohication: Causes, Consequences, 
and Correctives, 1969). The process of eutrophication is nothing new or 
invented by man. It is the process whereby a lake ages and eventually 
disappears. An undisturbed lake will slowly undergo a natural succession 
of stages, the end product usually being a bog and, finally, dry land 
(see Figure A). These stages can be identified by ceasuring various 
physical, chemical, and biological aspects of the lake's ecosystem. Man 
can and often does affect the rate of eutrophication. From a pollutional 
point of view, these effects are caused by increased population, industrial 
growth, agricultural practices, watershed development, recreational use 
of land and waters, and other forms of watershed exploitation. 

It might also be mentioned that some forms of water pollution are natural. 
Streams and ponds located in densely wooded regions may experience such 
heavy leaf fall as to cause asphyxiation of some organisms. Discoloration 
of many waters in Massachusetts is caused by purely natural processes. 
As pointed out by Rynes (1974), it is e,ctremely difficult to define just 
what is meant· by ·"natural waters", which is not necessarily synonomous 
with "clean waters 0

• 

For restorative or preservative purposes of a lake and its watershed, 
it is important to identify both a lake's problem and the cause of the 
problem. Problems associated with. eutrophication include nuisance algal 
blooms (especially blue-green algae), excessive aquatic plant growth, 
low dissolved oxygen content, degradation of sport fisheries, low trans
parency, mucky bottoms, changes in species type and diversity, and others. 
The pollutional cause is identified as either point or non-point in origin. 
A point source of pollution may be an inlet to the lake carrying some 
waste discharge from upstream. Or it may be an industrial, agricultural, 
or domestic (e.g., washing machine pipe) waste discharge which can be 
easily identified, quantified, and evaluated. 

Non-point sources of pollution, which are the more common type affecting 
a lake, are more difficult to identify. They include agricultural runoff, 
urban runoff, fertilizers, septic or cesspool leakage, land clearing, and 
many more. They are often difficult to quantify and, thus, evaluate. 

An objective of a lake survey is to measure a lake's trophic state; that 
is, to describe the point at which the lake is in the aging process. 
The measure most widely used is a lake's productivity. Technically, 
this involves finding out the amount of carbon fixed per meter per day 
by the primary producers. Since it is a rather involved procedure to 
determine the energy flow through a lake system, the lake survey attempts 
to indirectly describe the lake's trophic'state or level of biological 
productivity. 
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During the process of eutrophic:ation, a lake passes through three major 
broad stages of succession: oligotrophy, mesotrophy, and eutrophy. 
Each stage has its own characteristics (see Table A) •. Data from a lake 
survey can be analyzed for assessment of the lake's trophic state. 
Although the level of productivity is not quantified, the physical, 
chemical and biological parameters measured go a long way iu positioning 
the lake as to its trcphic status. The perimeter survey helps locate 
and identify sources of pollution. It should be noted, however, that at 
the present time, there is no single determination that is a universal 
measure of eutrophication. 

Figure B shows the various zones of a typical stratified lake. In 
addition to the lake's li~e history mentioned above, a lake also has 
characteristic: annual cycles. Depending on the season, a lake has a 
particular temperature and dissolved oxygen profile (Figure B). During 
the summer season, the epilimnion, or warm surface water, occupies the 
top zone. Below this is the metalimnion, which is characterized by a 
thermocline. In a stratified lake, this is the zone of rapid temperature 
change with depth. The bottom waters, or hypolimnion, contain colder 
water. The epililllnion is well mixed by wind action, whereas the 
hypolimnion does not normally circulate. During the spring and fall 
seasons, these regions break·down due to temperature change and the 
whole lake circulates as one body. In shallow lakeo (i.e., 10 to 15 
feet maximum-depth) affected by wind action, these zones do not exist 
except for short periods during calm weather. 

The summer season (July and August) is the best time to survey a lake in 
order to measure its trophic status. This is the time when productivity 
and biomass are at their highest and when their direct or indirect effects 
can best be measured and observed. The oxygen concentration in the 
hypolimnion is an important characteristic for a lake. A high level of 
productivity in the surface waters usually results in low oxygen concen
trations in the lake's bottom. Low oxygen in the hypolimnion can adversely 
affect the life in the lake, especially the cold-water fish which require 
a certain oxygen concentration. Organic material brought in via an inlet 
can also cause an oxygen deficit in the hypolimnion. Hutchinson (1957) 
has amply stressed the importance of dissolved oxygen in a lake: 

"A skilled limnologist can probably learn more about the nature 
of a lake from a series of oxygen determinations than from any 
other kind of chemical data. If the oxygen determinations are 
accompanied by observations on sec:chi disc transparency, lake 
color, and some morphometric data, a very great deal is known 
about the lake." 

t 
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Nitrogen and phosphorus have assumed prominance in nearly every lake . 
investigation in relating nutrients tc productivity (eutrophication). 
Some investigators (Odum, 1959) use t~e maximum nitrogen and phosphorus 
concentrations found during the winter as the basis of nutrient pro
ductivity correlation due to the biological minimum caused by environ
mental conditions. Others use data following the spring overturn as a 
more reliable basis for nutrient productivity correlation. In any 
event, considerable caution must be used in transporting nutrient con-, 
centration limits found in other lakes to the present situation. 

Table B depicts concentrations of various substances and other data for 
two hypothetical lakes, one eutrophic, the other oligotrophic. It is 
intended as a guide for cooparison to the data presented in this report. 
Each lake, of course, is different from all others. There is no hard 
and fast rule as to critical concentrations for each lake. The mor
phology of a lake (e.g., mean depth) plays an important part in its 
general well-being. A small, deep lake will react differently to nutrient 
loadings than a large, shallow lake. In the final analysis, each lake is 
found unique and must be evaluated on an individual basis. 

t 
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TABLE A 

LAKE TROPHIC CHARACTERISTICS 

1. Oligotrophic Lakes: 

a. Very deep, thermocline high; volume of hypolimnion large; water 
of hypolimnion cold. 

b. Organic materials on bottom and in suspension very low. 

c. Electrolytes low, or variable; calcium, phosphorus, and nitrogen 
relatively poor; hu~ic materials very low or absent. 

d. Dissolved oxygen-content high at all depths and throughout year. 

e. Larger aquatic plants scanty. 

f. Plankton quantitatively restricted; species many; algal blooms 
rare; Chlorophyceae dominant. 

g. Profundal fauna relatively rich in species and quantity; 
Tanytarsus type; Corethra usually absent. 

h. Deep-dwelling, cold-water fishes (salmon, cisco, trout) common 
to abundant. 

i. Succession into eutrophic type. 

2. Eutrophic Lakes: 

a. Relatively shallow; deep, cold water minimal or absent. 

b. Organic materials on bottom and in suspension abundant. 

c. Electrolytes variable, often high; calcium, phosphorus, and 
nitrogen abundant; humic materials slight. 

d. Dissolved oxygen, in deeper stratified lakes of this type, 
minimal or absent in hypolimnion. 

e. Larger aquat~c plants abundant. 

f. Plankton quantitatively abundant; quality variable; water 
blooms common; Myxophyceae and diatoms predominant. 

g. Profundal fauna, in deeper stratified lakes of this type, poor 
in species and quantity in hypolimnion; Chironomus type; 
Corethra present. 

h. Deep-dwelling, cold-water fishes usually absent; suitable for 
perch, pike, bass, and other warm-water fishes. 

i. Succession into pond, swamp, or marsh. 
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TABLE A (CONTINUED) 

3. Dystrophic Lakes: 

a. Usually shallow; temperature variable; in bog surroundings or 
in old mountains. 

b. Organic materials in bottom and in suspension abundant. 

c. Ele.c.trolyte.s lo~; calc.iu:n, phosphorus, and nitroz,;n very 
scanty; humic materials abundant. 

d. • Dissolved oxygen~almost or entirely absent in de ,er water. 

e. Larger aquatic plants scanty. 

f. Plankton variable; commonly low in species and quantity; 
Myxophyceae may be very rich quantitatively. 

g. Profundal macrofauna poor to absent; all bottom deposits 
with very scant fauna; Chironomus sometimes present; Corethra 
present. 

h. Deep-dwelling cold-water fishes always absent in advanced 
dystrophic lakes; sometimes devoid of fish fauna; when 
present, fish production usually poor. 

i. .succession into peat bog. 

SOURCE: Welch, P.S., Limology, McGraw Hill Book Co., New York, 1952. 
(Reprinted with permission from the publisher.) 
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TABLE B 

SELECTED DATA FOR TWO HYPOTHETICAL LAKESl 

CONCENTRATIONS IN (mg/1) 

DISSOLVED 

TROPHIC STATUS 2 OXYGEN AT TRANSPARENCY PHYTOPLANKTON 
BOTTOM (Secchi Level) NH -N NO -N TOTAL-P ASSEMBLAGES 

-J---==- -J---==-

Lake A High High Low Low Low High diversity, 
(Oligotrophic) >5.0 <0.3 <0.3 <0, 01 low number&, 

nearly complete 
absence of blue-
greens 

Lake B Low Low High High High Low diversity 
(Eu trophic) <5.0 >0,3 >O, 3 >0,01 high numbers, 

abundance of 
blue-greens 

1 Not established as State standards. 

2oligotrophic • nutrient poor 

Eutrophic • high concentrations of nutrients 

" ' 

AQUATIC CHARACTERISTIC 
VEGETATION FISHERIES 

Sparse Cold Water 
types 

Abundant Warm Water 
types 
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APPENDIX 3 

CHLOROPHYLL a PROCEDURES 

I. Reagents and apparatus 

A. Fluorometer 

1. "Blue lamp" Turner No. 110-853 

2. Excitation Filter: Corning CS-5-60, #5543, 2 in
2 

4.9 nnn 
polished 

3. Emmission Filter: Corning CS-2-64, #2408 2 in
2

, 3.0 nnn 
polished 

4. R-136 photo multiplier tube 

B. Tissue grinder and tube 

C. Vacuum flask and pump 

D. Millipore filter holder 

E. Glass fiber filters: Reeve Angel, grade 934AH, 2.1 cm 

F. Centrifuge (Fisher Scientific Safety Centrifuge) 

G. 15 ml graduated conical end centrifuge tubes with rubber 

stoppers 

H. 90% acetone 

I. 1 N HCl (11:1 dilution of distilled water to cone. HCl) 

J. Saturated Magnesium Carbonate solution in distilled H20 

II. Procedure 

A. Filter 50 ml (or less if necessary) of sample through glass 

fiber filter under vacuum 

B. Push the filter to the bottom of tissue grinding tube 

C. Add about 3 ml of 90% acetone and 0.2 ml of the Mg'.:03 solution 

D. Grind contents for 3 minutes 

E. The contents of the grinding tube are carefully washed into 

a 15 ml graduated centrifuge tube 

F. Q.S.to 10 ml with 90% acetone 

G. Tubes are then centrifuged for 20 minutes and the supernatent 

decanted innnediately into stoppered test tubes 

I. Test tubes are wrapped with aluminum foil and stored in the 

refrigerator for 24 hours 
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J. The tubes are allowed to come _to room temperature, the temperature 

recorded, the samples poured into cuvettes, and then the samples 

are read on the fluorometer. (The fluorometer must be warmed up 

for at least 1/2 hr. before taking a reading.) 

K. 0.2 ml of the l N HCl solution is added to the sample in the 

cuvette, the cuvette stoppered and inverted and, righted 4 times 

to mix thoroughly, and the sample is read again 

L. Both values are recorded, along with the window orifice size 

and whether the high-sensitivity or the regular door was used 
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APPENDIX 4 

DESCRIPTION OF TERMS 

The terms related to limnology and other limnological entities, as used in 
this report, are defined below to assist the reader in interpreting some of 
the data presented: 

AREA of a lake refers to the size of the surface, exclusive of islands, meas
ured in square units by planimetry. 

AQUATIC PLANTS or aquatic macrophyton can be defined as those vascular plants 
which germinate and grow with at least their base in water and are large 
enough to be seen with the naked eye. The following three broad categories 
are recognized: 

1. Emergent types are those plants rooted at the bottom and projecting 
out of the water for part of their length. Examples: arrowhead 
(Sagittaria spp.), pickerelweed (Pontederia spp.) 

2. Floating types are those which wholly or in part float on the 
surface of the water and usually do not project above it. 
Examples: water shield (Brasenia spp.), yellow water lily 
(Nuphar spp.) 

3. Submerged types are those which are continuously submerged (except 
for possible floating or emergent inflorescences). Examples: 
bladderwort (Utricularia spp.), pondweed (Potamogeton spp.) 

CLINOGRADE is a stratification curve of temperature or of a chemical sub
stance in a lake that exhibits a uniform slope from the surface into deep 
water. 

CULTURAL EUTROPHICATION refers to the enrichment or rapid increase in pro
ductivity of a body of water caused by man. It is an accelerated process 
as opposed to natural, slow aging of a body of water. Visual effects in
clude nuisance algal blooms, low transparency, extensive aquatic plant growth, 
and loss of cold-water fisheries due to oxygen depletion. It is caused by 
the rapid increase in nutrient additions Co a lake. 

DELTA is an alluvial deposit, usually triangular, at the mouth of a river. 

DEVELOPMENT OF SHORELINE is the degree of regularity or irregularity of a 
shoreline expressed as an index figure. Ic is the ratio of the length of 
the shoreline to the length of the circumference of a circle of an area 
equal to that of the lake. It cannot be less than unity. The quantity can 
be regarded as a measure of the potential effect of littoral processes on 
the lake. 

DEVELOPMENT OF VOLUME is defined as the ratio of the volume of the lake to 
that of a cone of basal area equal to the lake's area and height equal to the 
maximum depth. 

67 



DIMICTIC LAKE is one with spring and fall turnovers (temperate lakes). 

DISSOLVED OXYGEN (D.O.) refers to the uncombined oxygen in water which 
is available to aquatic life; D.O. is therefore the critical parameter for 
fish propagation. Numerous factors influence D.O., including organic wastes, 
bottom deposits, hydrologic characteristics, nutrients, and aquatic organisms. 
Saturation D.O. or the theoretical maximum value, is primarily a function of 
temperature. D.O. values in excess of saturation are usually the result 
of algal blooms and therefore indicate an upset in the ecological balance. 
Optimum D.O. values range from 6.0 mg/1 (minimum allowable for cold water 
fisheries) to saturation values. The latter range from 14.6 mg/1 at 0°C 
(32°F) to 6.6 mg/1 at 40°c (104°F). 

DRUMLIN is a gravel hill, with an elongated form, are generally steepest 
toward one side, and rise more gently in all other directions. 

EPILIMNION refers to the circulating, superficial layer of a lake or pond 
lying above the metalimnion which does not usually exhibit thermal strati
fication. 

ESKER is a serpentine ridge of gravel and sand. 

HETEROGRADE is a stratification curve for temperature or a chemical sub
strate in a lake which exhibits a non-uniform slope from top to bottom. 
It can be positive (metalimnetic maximumr or negative (metalimnetic minimum). 

HYPOLIMNION refers to the deep layer of a lake lying below the metalimnion 
and removed from surface influences (i.e., not circulating). 

KA.'1ES are conical hills or short irregular ridges of gravel or sand deposit
ed in contact with glacier ice. 

LENTIC refers to still or calm water, such as lakes or ponds. 

LOTIC refers to moving water, such as rivers or streams. 

MAXIMUM DEPTH is the maximum depth known for a lake. 

MAXIMUM EFFECTIVE LENGTH is the length of a straight line connecting the 
most remote extremities of a lake along which wind and wave action occur 
without any kind of land interruption. It is often identical with maximum 
length. 

MA.~IMUM EFFECTIVE WIDTH is similar to maximum effective length but at right 
angles to it. 

MAXIMUM LENGTH is the length of a line connecting the two most remote ex
tremities of a lake. It represents the true open-w~ter length and does not 
cross any land other than islands. 

MAXIMUM WIDTH is the length of a straight line connecting the most remote 
transverse extremities over the water at right angles to the maximum length 
axis. 

MEAN DEPTH is the volume of a lake divided by its surface area. 
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MEAN DEPTH - MAXIMUM DEPTH RATIO is the mean depth divided by the max
imum depth. It serves as an index figure which indicates in general the 
character of the approach of basin shape to conical form. 

MEAN WIDTH is the area of a lake divided by its maximum length. 

METALIMNION is the layer of water in a lake between the epilimnion 
and the hypolimnion in which the temperature exhibits the greatest dif
ference in a vertical direction. 

MILLIGRAMS PER LITER (mg/1) is used to express concentrations in water 
chemistry because it allows simpler calculations than the English System. 
The basis of the metric system is the unit weight and volume of water at 
standard conditions (Z0°c). At these conditions, one milliliter of water 
equals one cubic centimeter and weighs one gram. One milligram per liter 
is therefore essentially equal to one part per million by weight or volume. 

MUCK is a dark-colored soil, commonly in wet places which has a high level 
of decomposed or finely lamminated organic matter. 

NON-POINT SOURCE POLLUTION can be defined as any pollutant which reaches 
a water body by means other than through a pipe. Examples of non-point 
sources include leachate from dumps and agricultural runoff from dairy 
farms. 

NUTRIENTS are basically organic compounds made up of carbon, hydrogen, 
oxygen, nitrogen, phosphorus, and sulfur. Small amounts are vital to 
the ecological balance of a water body. Larger amounts can lead to an 
upset of the balance by allowing one type of organism, such as algae, to 
proliferate. The most significant nutrients in water bodies are those 
of carbon, nitrogen, and phosphorus. Nutri.ents of carbon are measured 
indirectly in the BOD test; separate tests are run to measure nutrients 
of nitrogen and phosphorus. 

ORTHOGRADE is a stratification curve for temperature or a chemical substance 
in a lake which has a straight, uniform course. 

E!_ is the measure of the hydrogen ion concentration of a solution on an 
inverse logarithmic scale ranging from Oto 14. Values from Oto 6.9 indicate 
acidic solutions, while values from 7.1 to 14 indicate alkaline solutions. 
A pH of 7,0 indicates a neutral solution. Natural streams usually show 
pH values between 6.5 and 7.5, although higher and lower values may be 
caused by natural conditions. Low pH values may result from the presence 
of heavy metals from acid mine drainage or metal-finishing waste. High 
pH values may result from detergents or photosynthetic activities of 
phytoplankton. 

POINT SOURCE OF POLLUTION refers to continuous discharge of pollutants 
through a pipe or similar conduit, Primarily included are sewage and 
industrial waste~ whether treated or untreated. 

SESTON refers to all the particulate matter suspended in the water. 
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SHORELINE is the length of a lake's perimeter, measured from a map with 
a rotometer (map measurer). 

SILICADIOXIDEis necessary for diatom growth. The concentration of silica 
is often closely linked with the diatom population's growth. The limiting 
concentration is usually considered to be 0.5 mg/1. 

TERRACES are relatively flat or horizontal surfaces which are bounded by 
a steeper ascending slope on one side and by a steep descending slope 
on the other side. 

THERMOCLINE is coincident with the metalimnion and relates to the lake 
zone with the greatest temperature change in a vertical direction. 

TITLE 5 of the State Environmental Code on Requirements for the Subsurface 
Disposal of Sanitary Sewage. 

VOLUME is determined by computing the volume of each horizontal stratum as 
limited by the several submerged contours on the bathymetric (hydrographic) 
map and taking the sum of the volumes of all such strata. 
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APPENDIX 5 

The following legal notice was published in the Amesbury News on Page 16, 
Wednesday, January 23, 1980: 

LEGAL NOTICE 
BOARD OF HEALTH 

AMESBURY, MASS. 01913 
REGULATIONS FOR APPLICATION 

FOR DISPOSAL WORKS 
PERMITS AND 

USE OF DISPOSAL WORKS 
SYSTEMS IN THE 

TOWN OF AMESBURY 

A. The following requirements must be met by plans sub
mitted for application prior to issuance of a permit: 

1. High ground water and percolation tests will be 
taken during the period from March 15th to June 1st, 
inclusive. Where an existing septic system fails a 
seasonal percolation test will be performed where 
possible; when it is not possible a percolation test 
shall still be conducted and the soil profile shall 
be examined to determine the probable water table. 

2. A percolation rate of greater than 20 minutes per 
inch is unacceptable to qualify as a successful test, 
except in the case of reconstruction of a failed 
septic system if the Board of Health so determines. 

3. Leaching area must be a minimum of 800 square feet 
with a reserve area of equal size, and must be in
creased in area 50 percent for a garbage disposal, 
as required by Reg. 3.4e of Title 5. This re
quirement may be waived by the Board of Health only 
in the case of reconstruction of a failed septic 
system when sufficient space is unavailable. 

4. The system shall be designed for a per capita flow 
of 75 gallons per day based on occupancy of each 
bedroom by two people, 

5. Septic systems proposed for construction within 
100 feet of wetland will be referred to the Con
servation Connnission. 

B. All newly constructed septic systems shall have two 
inspections: 

1. At such time that the septic tank is set (prior to 
backfilling) and the leaching area is prepared for 
construction of leaching facility. (Note: this is 
an ideal time to have the stone inspected before 
it is placed.) 
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2. Final inspection when,1) in the case of leaching 
fields, and trenches the coarse stone, distri
bution lines and box are placed and all connections 
made, or 2) in the case of leaching pits, galleries, 
or chambers prior to final cover. Other systems will 
be final inspected as pre-arranged with the. installer. 
Distribution lines should be within 1/16th of an inch 
difference in height. 

3. All requests for inspection must be made 48 hours in 
advance. 

C. An inspection fee of $25.00 (payable to the Town of Ames
bury) must be paid prior to issuance of a Disposal Works 
Construction Permit. 

D. A fee of $25.00 per lot, or proposed system,(payable to 
the Town of Amesbury) must be paid prior to witnessing 
by the Board of Health the percolation test and deep 
observation holes. 

E. If the use of a dwelling or structure is changed from its 
original intent, approval of the suitability of the sub
surface disposal system for the new usage must be obtained 
from the Board of Health. If the Board of Health deter
mines the system to be unsuitable, the necessary changes 
to the system must be performed before the new usage shall 
be permitted. 
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APPENDIX 6 

Correcting Existing Septic Svstem Failures 

(Source MVPC 1979) 

There are options that can be followed to rehabilitate septic systems 
which have failed. These options,discussed below, are divided into 
three groups: structural, non-structural, and innovative approaches. 
Some can be applied to any situation, while others can be used only in 
particular circumstances. As a septic system may fail for one or a 
combination of many different reasons (usually specific to one household 
or lot), the following alternatives should be applied against the partic
ular situation under which the system(s) failed. 

The costs associated with any septic system control measure will vary with 
the circumstances under which the control is implemented. For example, 
it may cost one homeowner $500 to rebuild his system, while another home
owner up the street must pay $1,000 because soil and slope conditions 
require a more complex system. For this reason, only general cost esti
mates are briefly discussed in the following sections. 

Structural 

Sewers can alleviate septic system failures by replacing on-site waste 
treatment with controlled centralized treatment. 

Sewers 

It is generally believed that large lots, and low density residential 
areas, preclude the necessity of town sewering. Additionally, communities 
feel that other alternatives should be exhausted before costly structural 
solutions are considered. 

There are, however, several factors associated with sewering besides the 
financial commitment. There is cause to examine the adequacy of local land 
use controls which may be employed to direct any new growth or to soften 
the potential land use impacts resulting from any induced population ex
pansion. It is a common belief that sewers encourage an increase in the 
use of water. 

Rebuild 

Rebuilding a septic system could be a major or minor effort, depending on the 
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severity of the problem. The job could be as small as replacing a worn, 
clogged or damaged system eomponent. For example, the building sewer from 
the house to the septic tank can be clogged, because of a dip in the pipe. 
Simply digging up the pipe and taking the dip out ean relieve the problem. 
The job becomes more expensive and complex as the comp_onents involved 
changes. It is possible to rebuild the leaching area to recondition it, 
or to overcome possible compaction or smearing by poor construction prac
tices. This is probably the most expensive rebuilding effort. Neverthe
less, a failure does not automatically warrant abandoning the system. 

Redesign 

Redesigning a system may be possible to overcome physical limitations. 
For example, an older home may have been built on soils with a hardpan layer 
or subject to seasonal high water. It may be possible to raise the leach
ing area by fill (mounding) to overcome these limitations. However, Title 5 
states that there must be at least 4 feet of naturally occurring previous 
soil underlying the fill. This would necessitate removing any impervious 
material such as a hardpan layer. Obviously, if there is a shallow bedrock 
condition and there is not 4 feet of naturally occurring pervious soil, 
this alternative is not available. In addition, it should be realized that 
some lots simply do not have the potential for subsurface disposal because 
of poor drainage capability, regardless of the amount of fill placed on them. 

Expand 

In some instances, the septic tank and/or leaching area may be undersized to 
meet the demands of the current household. What may have been adequate for 
one family may be inadequate for a new family, with a greater rate of water 
use. Conversion from a seasonal to a year-round home may also create the 
need for a larger system. In these cases, saturation of the system by too 
much effluent can cause a failure. By increasing the size of the septic 
tank and/or leaching area, this problem can be lessened. This alternative 
assumes there is adequate space available in -whic.h to expand. This may 
prove less costly than other alternatives, in the long run. 

Relocate 

Relocating the septic system is an attractive alternative, when the land is 
available. A clogged leaching area can, in time, renovate itself. Use of 
another system elsewhere on the property will solve the immediate problem of a 
failing system, and allow the time necessary for the failed system to possi
bly rejuvenate. A reserve system would then be available for any future 
problems. Many homes in the more rural corrrrnunities have enough suitable land 
to consider this alternative. For new septic systems this alternative is re
quired as Title 5 states: "A reserve area of at least equal capacity, suit
able for subsurface disposal and upon which no permanent structures will be 
constructed, must be provided for all se"t..age disposal alternatives". 

Costs ---

Rebuilding, redesigning, expanding and relocating are grouped together be
cause they all involve either partial or total reconstruction, or new 
construction. There are a number of variables that will affect the cost 
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of these alternatives. These include but are not limited to, the size of 
the system, the extent of the job (e.g., replacing a crushed leach line or 
reconstructing the "entire leaching area), the difficulty experienced in 
assessment and installation and the degree of technical complexity neces
sary to overcome any physical limitations encountered (e.g., high water 
table, hardpan). After interviewing various installers, a general price 
range was developed. Average fees range from $500 - $2,000. The range 
corresponds with replacing leach lines to the installation of a new system. 
In extreme circumstances, costs in excess of $5,000 were reported. 

Co!lllllunal Septic System 

If several homes in an area are experiencing failures, it may be possible 
to join them to one large septic system. This practice is discouraged by 
DWPC as the responsibility for private maintenance or repair of the system 
may create problems. However, if a municipality assumes this responsibility, 
the system could be allowed. This type of system is used by apartment 
complexes, for example, because the owner of the apartments assumes the 
responsibility for maintaining the septic system. Again, this alternative 
assumes there is suitable, common land available to the homes. 

Costs 

It is difficult to ascertain the costs associated with this alternative, as 
its use has been very limited to date. It can be assumed that the base price 
will at least equal the price of a large capacity septic system. This could 
range between $5,000 - $10,000. In addition, the costs of the collection 
and treatment must be included. Operation and maintenance costs may also be 
expensive, as the system is more complex. Again, actual costs will vary with 
the size and complexity of the system, difficulty in construction, etc. 

Holding Tank 

A holding tank or similar structure can be a temporary means of sewage col
lecting where a septic system has failed, and there is no land suitable or 
available for rebuilding or relocating a subsurface system. Its use would 
discontinue if sewers became accessible or if suitable land became available 
for expansion or relocation of the failed system. This alternative is very 
expensive, as the tank must be pumped every one or two weeks for a single 
family residence, depending on the capacity of the structure. The tank must 
be easily accessible to the pumper and, hopefully, an approved septage dis
posal site is located in the area. For these reasons, this alternative can 
be utilized only in extreme cases where no other is available. Title 5 for
bids the use of holding tanks in new construction. 

Cost 

The initial costs and installation fees may range from $3,000 - $5,000. There 
are generally no other costs associated with the system, other than pumping 
fees. However, the tank must be pumped quite frequently (usually every one 
to t.To 'weeks). 

The average pumping fee in the region is from $30 - $45. The annual cost of 
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maintenance, though, will depend on the size of the tank (if large enough, 
it may require more than one trip per pumping), frequency of pumping, acces
sibility to the tank by the pumper, distance to both the tank location and 
disposal site, and any disposal fees the pumper must pay. Annual maintenance 
costs may be expected to run between $1,000 and $2,000 or more. Obviously, 
this would be a prohibitively expensive technique for m~ny homeowners. 

Non-Structural 

Public Education 

A prerequisite to any efforts, either rehabilitative or preventative in 
nature, is the knowledge of the general public (homeowners) concerning the 
limitations of the septic system as a means of sewage disposal. This is 
true for all homeowners, especially those families that have been serviced 
by sewers prior to moving into a home which uses a septic system. In order 
to work effectively and trouble-free, the system must be used conservatively 
and maintained regularly. Public education is necessary for a homeowner to 
learn both what can be done in the home to prevent a failure and what is 
required to main the system. All but the last of the following non-structural 
options are examples of what should be included in a public education program. 
In addition, homeowners should be aware of the available rehabilitation options 
and innovative alternatives to septic systems (described in the next section). 

Costs 

Direct costs for initiating a public education program include administrative 
expenses as well as the cost of producing and distributing informational 
material. Organizing public meetings and workshops would also add to the 
cost of a public education program. The most valuable input into a success
ful public education program would be time and dedication on the part of the 
staff and volunteers alike. If homeowners were effectively reached, and 
understood the "how's and why's 11 of septic system care and wat;er conservation, 
the dividends would far outweigh the investment in time and money. The 
homeowner could reduce related expenditures considerably while the community 
could enjoy improved water quality and quantity. 

Maintenance 

Proper maintenance of a septic system includes total "system maintenancen, 
from what can be done in the home to care of the system itself. A homeow-ner 
can increase the efficiency of a system considerably by being careful of 
how much and what materials are disposed of into the system. Cutting down 
on organic overloading (e.g., cooking grease, food scraps) relieves consid
erable strain on the system. Garbage disposals are especially burdensome. 
Too much water can also overload and saturate the system. Bulky items 

(e.g., paper, plastic) should not be disposed of in this manner as they can 
clog up pipes. The septic tank itself should be inspected yearly for build
up of solids inside the tank. This can be done by the homeowner or by a 
qualified professional (who can also check for early warning signs of 
possible future problems). The tank should then be pumped as necessary 
but at least every two to four years. Regular cleaning of the septic tank 
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is a small investment compared to the cost of a repair job if the system 
is not maintained. _Regular pumping of the septic tank may be left to indi
vidual initiative or effected by a mandatory town permit program. Town 
permit programs have worked in other areas of the country. It is very im
portant, however, to provide adequate areas and methods of septage disposal. 
Presently, this is not accomplished by many communities in the region. 

Costs 

The cost of properly maintaining a septic system is minimal compared to the 
expense of reconditioning a failed system or building a new one. What is 
necessary is the discipline to inspect the system yearly and pump when 
necessary or at least every two to four years. The average pumping fee 
in the region is $30 - $45. It is obviously better to spend $200 over a ten 
year period to regularly clean the system than to pay $1,000 to repair the 
system at the end of ten years. Should a community decide to implement a 
mandatory permit program, administrative and overhead expenses would have 
to be considered. However, the costs could be offset with a small fee 
for the permit. In addition, a mandatory maintenance program could reduce 
the failure rate considerably. 

Water Conservation 

There are many ways to reduce the amount of water used in a household that 
goes to the septic system. Adjusting personal attitudes toward water con
sumption is perhaps the major step that must be taken. Since up to 66% 
of the total water consumed in an average household is used for toilet 
fluShing and bathing, the most significant water conservation measures 
wolild be those reducing the amount of water used by toilets, baths, and 
showers. Efforts made to reduce the amount of water used in cooking and 
washing would also be helpful. There are many commercial water-saving de
vices available to the consumer. '1-later-saving toilets 11 are available 
that use 1 - 2 gallons of water per flush instead of the normal 5 - 7 
gallons. They look the same as conventional toilets, but are designed 
to conserve water. The cost is comparable to a conventional toilet. 
Where conventional toilets are already installed, inserts are available 
which are placed in the toilet to reduce the volume of water that is 
flushed. Weighted bottles achieve similar results. Devices are available 
which reduce the amount of flow per-minute through showerheads and sink 
faucets. Again, the costs are comparable to conventional fixtures. 
The amount of water conserved can be substantial. For example, a con
ventional showerhead may use 8 gallons of water per minute. By using 
a water saving showerhead, the amount of water used could be reduced 
to about 3 1/2 gallons per minute. The amount of water conserved through 
the use of faucet aerators is less, but could be significant over the 
course of a year. The benefits to be gained from water conservation 
efforts go far beyond simply increasing the life and efficiency of a 
septic system. There are also economic savings to be realized both on 
the amount of water used and on the evergy required to heat water. In 
fact, water-saving fixtures and devices can more than pay for themselves 
in a year's time. If a family is serviced by sewer, water conservation 
can lower the sewer bill. The most important benefit is the reduction on 
the waste of our drinking water. Our ~ater supplies are not endless as 
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many communities are beginning to find out. Imagine if clean water is 
scarce, then think of all the thousands of gallons of good, drinking water 
that is wasted simply by flushing the toilet. Water conservation is 
and will increasingly be an important effort of everyone's part. 

Costs 

The biggest "cost" associated with effective water conservation is not 
measured in dollars but is a change in personal habits of water use. 
Self-discipline exerted on the part of an individual in conserving water 
can result in the greatest reduction of water use. There are real costs 
associated w~th purchasing water-saving devices. Water-saving toilets cost 
the same or only a few dollars more than conventional toilets. It may be 
cost-effective to use the water saving toilets in any new construction. 
The cost of replacing a conventional toilet can run to about $150 (this 
price could be reduced by 1/2 if installed by the homeowner). Toilet 
inserts are available at a nominal cost. The cost of low-flow showerheads 
are comparable to conventional models. They may be purchased for approx
imately $13 - $20. Faucet aerators are also available, at low cost. 

ALTERNATIVES IN ON-SITE DISPOSAL 

The septic system is the common choice for a single family wastewater dis
posal system. It works well, given adequate soils/geologic conditions; 
however, with a high density of septic systems, nutrient-related pollution 
may occur. Septic systems must be properly maintained for a long service 
life. Pumping of the tank every 2 to 4 years and the existence of secondary 
leaching fields are required in all new construction by Massachusetts 
statutes. 

Costs 

The cost of septic systems will vary depending on site conditions, but can 
range from less than $1,000 to $4,000. An average system generally costs 
$1,500. The average maintenance fee (pumping in) the Merrimack Valley 
Planning Commission Region ranges from $30 - $45. 

Other wastewater disposal options permitted by the provisions of the 
State Environmental Code, with the written approval of the Department of 
Environmental Quality Engineering, are included in the following discussion. 

These wastewater disposal systems separate and provide treatment of 
11blackwaters 11 which are toilet wastes. ncreywaters," from sinks, showers 
and washing machines, are treated through conventional septic systems. The 
size of the septic system can be reduced by up to 40%, but it still must 
be present when using any of the following treatment systems. 

Alternative/Innovative 

Various alternatives to the sub-surface se~age disposal system are now 
available commercially. They are essentially non-discharge units, which 
means that no potable water is used to carry off the wastes. Use of these 
systems would significantly reduce the strain on water supplies, eliminate 
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the need for large septic tanks and reduce the size of the leach area 
needed (for household wastewater other than sewage). The appropriateness 
of an alternative system is heavily dependent upon site-specific factors. 
In addition to physical constraints, such as soil type, there are manage
ment and environmental issues which significantly affect decisions on waste
water manag~ment system selection. The follo~ing on-site se~age treatment 
systems may greatly increase the development potential of a community, as 
they may render what was once '1unbuildable" land to a 11buildable 11 condition~ 

Composting Toilets 

This system, used extensively in Europe, relies on microorganisms to de
compose toilet wastes and garbage within a sealed bin vented to the atmos
phere. Additional organic wastes, from the garden and kitchen, improve 
the decomposition process. The heat of natural decomposition creates suf
ficient draft to prevent odors. The final product from these toilets 
is an inert humus materialt requiring occasional removal. 

A similar, but more complex variety of the composting principal, Humus 
Toilets require that exact temperatures and humidity be maintained by 
electricity. Table scraps may be added to this system as well. 

The end product from humus toilets is a humus material which requires 
annual removal. These systems have monthly operating costs, for electri
city and microorganism cultures. 

Costs 

A composting toilet can cost from $750 to $1,200. The variation in cost is 
due mainly to the accessories available to the system. The compost types 
to not require electricity, as the humus types do. Also, the installation 
costs may be significant for the composting types. A humus toilet costs 
approximately $700. The price includes all necessary materials and ac
cessories as well as the cost of labor for installation. Electrical costs 
should be considered~ as well as a minimal cost for periodic implantation 
of microorganism cultures. 

Digesting Toilets (Biological) 

Digesting toilets are similar to composting units, but require less space. 
The units use electricity to heat waste for optimal biological decompo
sition by microorganisms. These produce a small amount of liquid effluent 
and small quantities of humus. 

Tnere are a wide variety of biological systems available. The cost can 
vary from $250 to $750, depending on the anticipated level of use. Ad
ditionally the monthly cost of electricity and microorganism cultures must 
be considered. 

79 

d 



Recirculating Systems 

The recycle system is a closed circuit wastewater treatment system that 
recirculates a low volume of clean water (or an oil transport fluid). 
Solids are settled or filtered from the transport fluid and stored in a 
holding tarik which must be periodically pumped. 

Cost 

The cost of this system runs about $300. In addition, there are installation 
fees as well as professional maintenance costs. 

Incinerator Toilet 

Using electricity or gas, this system burns the solid waste and evaporates 
the liquid wastes, leaving a sterile ash. Some odor is given off from the 
smoke. The relatively high operating costs limits it applicability. 

Cost 

The cost range for this type of system is about $350 - $850. The cost, 
will vary depending on the complexity of the system and its degree of 
refinement. Operating costs are a consideration, due to -the use of 
electric or gas power. · 

Aerobic Systems 

Aerobic systems operate on the principle of an aerobic environment. These 
systems treat household sewerage and greywater through aerobic digestion and 
filtration. The system has a numher of moving parts which can result in 
increased operation and maintenance costs. 

Costs 

Depending on the size, aerobic systems can cost up to $3,000. 

Chemical Toilets 

This system is easily installed, requires no running water or electricity. 
The ~aste is disposed of in a chemical solution. Some odors are produced and 
the unit must be dumped, cleaned and refilled frequently. This system is 
usually used in isolated and recreation areas and in isolated locations. 

Cost 

The cost ranges from $50 - $75 for a portable model. A permanent chemical 
recirculating toilet costs about $200. 

Sliding Valve Toilets 

These are low water use systems that can handle blackwaterw Since only 
one pint of water is used for each flush, a family of five would use about 
100 gallons per month with this system as compared to 4,500 gallons for a 
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standard flush toilet. This toilet discharges into a holding tank, septic 
system or sewer s7st~m. 

Costs 

Costs range from $125 - $200. Depending on the method bf discharging from 
the toilet (holding tank or septic system) there will be maintenance costs 
for pumping. 

There are pros and cons for each system described above. In general, the 
reduction in the amount of drinking water consumed in a household can be 
significant (on an average of 407.) if a flush toilet is replaced with a 
non-discharge system. 

The use of a dry system can prove to be cost-effective in many instances. 
If a dry system is used in a household with recurrent septic system prob
lems, the reduction in hydraulic loading may let the septic system function 
properly. This could save the homeowner several thousand dollars in re
designing, rebuilding, or expansion costs. For a group of homes in the 
area, installation of dry systems would be less costly than creating a 
sewer district. 

In the construction of new homes, the installation of a dry system can 
often be cheaper than installing septic tank systems. In addition, the 
savings realized from reduced water use and elimination of regular septic 
tank maintenance can be substantial. 

The use of a non-discharge system eliminates the need for disposing 
sewage ("blackwater"). However, there are other sources of wastewater 
in the household. Water from sinks, baths and washing machines, referred 
to as "greywater, 11 must be disposed of~ There.fore, a leaching area is 
still needed although it can be reduced in size by 407. (Title 5). Be
cause of the reduction in water use, a simple tank to collect grease, lint, 
etc., is necessary before discharge to the leaching area. The tank is much 
smaller than a conventional septic tank and the build-up of solids is ob
viously much less. 

Techniques for recycling the 11 greywater 11 are being studied and are 
practiced in various parts of the country. This could be especially 
useful in the region for non-essential uses such as lav."U and garden 
sprinkling during peak demand periods in the summer. In fact, re-cycling 
wastewater may be very important in the future as coIIIlilunities seek to 
expand municipal water supplies. The region does not have an infinite 
source of clean water. Efforts to conserve water, recycle used water and 
return renovated wastewater back to the groundwater will become increasingly 
important and necessary. 
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APPENDIX 7 - Model Bylaw from 208 Water Quality Project (MAPc-l9?8) 

Watershed Protection District 

SECTION I 

Purpose of District·~ 

A_ A Watershed Protection District fs·-establfshed in the· 
Town of ______ for the following purposes: 

1, •. ; ' •• 

(1) to preserve and protect the lakes, ponds, streams 
· brooks, ri 11 s, marshes, swamps, bogs, and other 
water bodies and water courses in the town; and 

(2) 

(3) 

to protect, preserve and maintain the water table 
and water recharge areas within the town, so as to 
preserve present and potential sources of water 
supply for the publfc health arid safety; and_ 

to protect the C01r111unity from the detrimental use 
and development of land and waters within the water-
shed protection district; and · 

(4) to conserve the watershed areas of the Town of 

SECTION II 

for the health, safety, welfare, and 
.,..en_j,....o_yme_n...,.t_o_f,,.....,..its people. 

Establishment and Definition of District 

A •. The intent of the Watershed Protection District is to 
include lands lying adjacent to water courses and surface 
water bodies which create the·catchment or drainage areas 
of such water courses and bodies, as part of their 
natural drainage system •. The district includes all land 
as shown on the Watershed Protection District Maps for 
the Town of-~-~~• 197 edition, which are on 
file in the Office of the Town Clerk, plus all land 
lying within 25 feet from the center line of all brooks, 
streams and rivers and within 25 feet from the normal 
hi ghwater 1 i ne of 1 akes , ponds, marshes, swamps. and 
bogs. 

' ~ . . 

B. The Watershed Protection Disl:ri~t.ls an overlay district 
and shall be superimposed on the otller districts . 
established by this by-law. Any uses permitted in the 
portions of the districts so overlaid-shall be pennitted 

· ~ subject to all the provisions of this llfstrict. 
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SECTION III 

Pennitted U&es 

A. · The follm,iing uses are pennitted_within the watershed 
protection district. subject to Section IV. provided that 
all.necessary pennits, orders, or.approvals required by· 
local, state, or federal law shall''have been -obtained: 
.. ' 
(1) conservation of soil~ water, plants,a~d wildlife; 

-: . ·• 

(2) outdoor recreatton, nature study; boating, fishing, 
and hunting where othen-iise legally permitted; 

(3) duck walks. landings. foot, bi cycle arid/or horse 
paths and bri:dges; · · 

(4) proper operation and maintenance of existing dams., 
splash boards, and other \•1ater controJ,. supply and· 

... conservation devices; · · 

(5) residential development. as permitted in tlie under
lying district, in a density no greater than that 

.'·.indicated in the following table: 

(6) 

(7) 

Average slope of site(%) 

3 
4-5 
6-8 

··,, 9-12 
13-15 

15 

'Minimum lot size (acre) 

¼ 
½ 
1 
2 
4 

No Development Permitted 
' ' 

r.epair and maintenance.bf structures and uses lawfully 
existing prior to adoption hereof may be continued 
as permitted ~nder the Zoning Act.. Existing dwellings 
may be expanded provided ground coverage is not 

· increased more than __ %; 

any portion of·a· lot lying !'!ithin the District may 
. be used to meet· area and yard requi rerr.ents for the 

district(s) in which the remainder of the lot lies, 
provided that portion does not exceed __ ..;% of the 
minimum lot area; and 

(8) farming, gardening, nursery, conservation, forestry. 
har.yesting, and grazing:l · ·. 

IToe use of pesticides ·and fertilizers in connection 1·1ith 
these' activities would be subject to the regulations set fort.i 
in a general by-law of the town for the control of the use of 
fertilizer and pesticides. This regulation would be imple
mented through a general by-la•.~ due to the restrictions in 
Ch.· 40A on the regulation of agricultural attivi_ties in the 
zoning by-law. 
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SECTION IV 

Prohibited Uses 

A. The following uses are prohibited within the watershed 
protection district: 

(1) 

(2) 

the location of landfills and the storage of salt 
and road de-icing chemicals; 

any building, structure. land disturbing activities, 
or excavations within 25 feet ··from the nonna 1 
highwater line of all waterbodies and courses 
within the watershed protection district; 

-(3) any animal feedlots, or pastures, or confinement 
areas, or storage of manure, or drainage from 
such activities, within 25 feet from the seasonal 
highwater line of all water bodies and courses 
within the watershed protection district; 

( 4) 

(5) 

the disposal of solid waste, other than stumps and 
brush; · 

the storage and/or transmission of petroleum or 
other refined petroleum products; 

.. (6) the dumping of.snow removal operations. 

SECTION V 

Special Permit Uses 

A. The following uses are permitted,, subject to Section IV, 
within the Watershed Protection District only upon the 
issuance of a special permit by the Board of Appeals in 
accordance with Section 10 hereof and subject to any 
additional condit1ons they may attach to their approval. 

(1) the storage or disposai' of hazardous materials, as 
defined by the Hazardous Uas.te Regulations promulgated 
by the Hazardous Waste Board, the Water Resouces 
Commission, and the Division of Water Pollution 
Control under the provisions of Section 27(8), 
52, 57, and. 58 of Chapter 21 of the General Laws, 
with a site plan review to review potential 
·degradation to water quality; 

(2) those coll'll1E!rcial and industrial activities, as 
permitted in the underlying district, with a site 
plan review; 
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(3) 

(41_ 

(6) 

' ' 

the construction of dams or other water·control 
devices. including the temporary alteration.of the 
water level for emergency or maintenance purposes 
__ ill)d periodic cleaning, so as not-to change the 
original c!imensions; · · · . 

the dumping, filling, excavation, or transferring 
of gravel~ sand, loam. or other-earth material; 

ponds or pools created or other changes in water 
bodies or courses, for Sl'limming. fishing, or · 

· other recreational uses, agricultural uses, or· 
drainage fmprover.ents_; 

the application of pesticides for non-agricultural 
uses in combination with erosion and sedimentation 
control plan provided that all necessary precautions 
shall be made to prevent hazardous concentrations of 
pesticides ·1n the water on the.land within the 
watershed protection district as a result of such 
application. Such precautions include, but are not 
limited to, erosion control techniques, the control 
of runoff water (or the use of pesticides having low 
solubility in water), the prevention of volatilization 
and reda:iosition of pesticides and the lateral 
displacement (i.e. wind drift) of pesticides; and 

(7) the application of fertilizers for non-agricultural 
uses in combination with erosion and sedimentation 
control plan provided that such application shall be 
made in such a manner as to minimiie adverse impacts 
on surface and groundwater due to nutrient transport 
and deposition and sedir..entation. 

SECTION VI 

Procedures for Issuance of Special Permit 

A. Each application for a special permit shall be filed with 
the Board of Appeals and shall be accompaniea by-___ _ 
copies of the plan.·. . . ·,. 

8. · Said appl1cation and plan shall b¢ prepared in accordance 
with the data requirements of the.proposed developr.ient 
(e.g. site plan review, erosion, and sediw.entation 
control· pla·n_. etc.). 

C. The Bpard of Appeals shall refer copies.of the applica-
. ,. t'ion to the.Board of Health, the. Conservation CoT1?11ission, 
· and Town Engineer/Department of Public ~Jorks. and the 

· Planning Board. rnese beards/departments shall review, 
either jointly or separately, the application and shall 
submit their recomr.endations to the Board of Appeals. 
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0. 

Fad.lure to make recommendations within 35 days. of 
referral of the application shall be deemed la.ck of 
opposition. 

The Board of Appeals shall hold a hearing, in conformity 
with the provisions-. of G.L. Chapter 40A, s. 9 wfthih 65 

· days after-the- filing of the application with the Board 
of Appeals and after the review of the aforementioned 
town boards/departments. 

Notice of the public hearing shall be given by publication 
and posting and by first-c1ass mailings to "parties in 
interest" as defined in G.L. ch. 40A, s. 11. The decision 
of the Board of Appeals and any extension, modification, 
or renewal 'thereof, shall be filed with the Board of 
Appeals and:Town,clerk within 90 days following the 
closing of the"public hearing. Failure of the Board to 
act within 90. days shall be deemed a granting of the 
permit •. However, no work shall commence until ·a certifica
tion is .recorded as required under saids. 11 of ch. 40A. 

E. After notice and public hearing, and after due consfderation 
of the reports and recommendations of the Planning Board, 
the Board of Health, the Conservation Corrmission and Town 
Engineer, Department of Public Works; the Board of Appeals 
may grant such a special permit provided that it finds 
that the proposed use: 

(1) is in hannony with the purpose and intent of this 
by-law and will prowDte the purposes of the water
shed protection district; 

(2) is appropriate to the natural topography, soils, 
and other characteristics of the site to be 
developed; 

(3) will not, during construction or thereafter, have 
an adverse environmental impact on any water body 
or course in the town; 

(4) will not adversely affect an existing or potential 
water supply; and 

(5) is consistent with existtng and probable future 
development of surrounding areas. 
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SECTIOf~ vu·-'' . . . 
I•• . 

-1.imit of Authority 

.•,This,district does not limit the existing authority of the 
Conservation Col!Vilission pursuant to sections 40 and 40A of 
Chapte_r 131 of the General Laws.· ··' . .. ' ,. 

SECTION VIII .. · .. 
llevelopro:ent Regulations 

All construction and land disturbing activities within the 
watershed protection district shall be designed or sited to mini
mize erosion and runoff by adhering to the practices outlined 
in ."Guidelines Soil and l-!ater Conservation in Urbanizing Areas 
of Massachusetts'.', SCS, April 1975, to include minimizing the 

,-·-construc.tion period, ·slope stabilization, ditch maintenance, 
.filtering, se:limentation basins, and revegetation • 

..... ; 
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APPENDIX 8 

February 19, 1980 

Mr. James Greer, Heal th Agent 
Board of Health 
Town Offices 
Jlroesbury, MA 01913 

534 Boston Post Road, 

P.O. Box 438 

Wayland, Mass. 01778 

617·358·5156 

617·899·7066 

RE: Septic Leachate Survey - Lake Attitash 

Dear Mr. Greer: 

In response to our recent telephone conversation, I have enclosed several pieces 
of literature that describe the Septic Leachate Detector System (Septic Snooper) 
and its application to lake management. IEP, Inc. is the exclusive sales and 
service organization here in New Engl and, for the "Snooper" manufacturer, 
Environmental Devices Corporation located in Marion, Massachusetts. 

I will reconfirm the cost estimates for a survey of Lake Attitash provided to 
you verbally the other evening. The cost breakdown that follows assumes the 
Septic Snooper survey would encompass the entire perimeter of the Lake, estimated 
distance 3.0 miles. 

Field Survey ............................. . 
Written Data Report .....................•. 
Analyses of Grab Water Samples ........... . 

(assume 40 samples@ 45.00/sample) 
Optional Groundwater Samp1ing ............ . 

Program and Determination of Nutrient. 
Loading from Septic Systems 

Total Cost ...............•................ 

$2,800.00 
1,200.00 
1,800.00 

2,500.00 

$8,300.00 

The field survey and written data report are a must. The written report would 
include a 5-10 description of the survey methodology, findings and recommenda
tions. Naturally, we would also submit a base map depicting the plume locations 
along with a specific written description for each plume. We would also discuss 
the results of the "grab sample" analyses. The total cost for these two items 
is $4,000.00. 

The grab water samples taken at each plume location would be analyzed for total 
and fecal coliform bacteria, total phosphonus,. ammonia nitrogen and nitrate 
nitrogen. For budgeting purposes we have estimated that 40 samples woirl~ be 
taken. If the Division of'Water Pollution Control agrees to analyze the samples 
for you, kindly disregard the $1,800.00 water analyses charge. · 
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Mr. James Greer 
Page 2 
February 19, 1980 

ii:i' 

The optional groundwater sampling program would be carried out following the 
Septic Snooper survey. Our hydrogeologists would install monitor test wells 
at various locations around the perimeter of the Lake. We would collect grab 
samples for nutrient analyses and model groundwater flow volumes entering Lake 
Attitash. These measurements would enable us to then determine the nutrient 
(nitrogen and phosphorus) supply to the Lake via groundwater from septic systems. 
It may be better to defer committing to this task until a later date. 

It seems logical that the $4,000.00 survey and report cost should be divided 
equitably between both communities, Amesbury and Merrimac. We estimate that 
roughly one mile of shoreline lies within Merrimac. Consequently the cost might 
be divided two-thirds Amesbury versus one-third Merrimac or $2,680.00 and 
$1,320.00, respectively. If we were to undertake the survey along the Amesbury 
shoreline only, the $4,000.00 cost would be reduced by $500.00. 

Myself, along with ourhydrogeologist,-will determine the optimal date to p_erform 
the field survey. Whereas you mentioned that the large majority of residences 
are occupied year-round, late June or early July would seem to be an opportune 
time. I strongly recommend that the survey be completed prior to any algal 
bloom which, if _present, might possibly interfere with the fluorescence channel 
on the instrument. Finally, do not allow any herbicide or algicide treatments 
prior to the septic leachate survey as the release of nutrients from the decay
ing vegetation would bias the grab sample results. 

Feel free to contact me if I can answer any further qeustions or provide you with 
additional information. 

Very truly yours, 

Gerald N. Smith 
Principal 
Aquatic Biologist 

GNS/ei 

cc: Barbara Notini, DWPC 
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APPENDIX 9 

Soils Limitation for Septic System Use* 

It has been assumed that failures which occurred in areas of inappropriate 
soils failed due to physical reasons. 

Nature of the Problem 

Soils Summary 

The drainage capability of soil is one indicator of its ability to accept 
and then provide treatment of wastewaters. A thorough analysis of soils 
should be included as a key in determining the proper type of leaching 
system and the depth to which it should be installed. 

Soils are rated by the seven following factors for their suitability for 
disposing of effluent from septic tanks.: 

Soil permeability 
Depth to seasonal high water table 
Depth to bedrock, hardpan, clay or silt layers 
Slope of the land 
Flooding by stream overflow 
Surface rockiness 
Surface stoniness 

These factors have been aggregated into three degrees of limitation, and 
have been defined as will follow. It should be noted that limitation 
definitions are concerned with physical failures only. 

Slight Limitation 

No problems are generally anticipated when these soils are used for sub
surface disposal of wastewater, providing that septic tank disposal 
systems are designed, installed and maintained in accordance with approved 
specifications. 

These soils are well drained through excessively drained. Few or no stones 
are found on the surface or below. Zero to eight percent slopes are generally 
found in these areas. These are rapidly permeable soils, with no restrictive 
layers within 5-1/2 feet of the surface. One concern is that the sub-
stratum of these soils is so coarsely textured that excessive permeability 
may result in contamination of closely located shallow wells. 

Moderate Limitation 

These soils are also rapidly permeable. They generally occur on 8 to 15 
percent slopes. Although these soils are generally satisfactory for septic 
tank disposal, careful site selection is necessary, as additional site pre
paration may be necessary for satisfactory functioning. These permeable 
soils may cause contamination from disposal fields, if located close to, or 
downslope from shallow wells. Some of these soils may occur on Oto 8 per
cent slopes, but would have a very rocky or stony surface. 

*Source MAPC (1978) Water Quality Management Alternatives 
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Severe Limitation 

If used for septic tank disposal systems, these soils require intensive 
site preparation. 

Soil problems causing severe limitations include one or more of the 
following ~onditions: 

1. Bedrock within 5-1/2 feet of the surface; 

2. Slow or moderately slow permeability; 

3. A high water table, at or near the surface, for periods ranging 
in duration from four to nine months; 

4. Slopes greater than 15 percent; 

5. Prone to flooding by watercourse overflow; and 

6. Extremely rocky surface. 

A description of the above severe soil limitations for subsurface dis
posal may be found in the Soil Conservation Services: Soils and Their 
Interpretations for Various Land Uses. The Connecticut Agricultural 
Experiment Station. New Haven, Conn. 1979. 
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PUBLIC RESPONSIVENESS SECTION 

Following the transmittal of the draft Lake Attitash Diagnostic/Feasibility 
Report, a thirty-day review period was sponsored. This period lasted from 
29 January to 29 February 1980. Comments received to date are presented 
on the following pages. 

Draft copies of the report were sent to the Town of Amesbury, the Town of 
Merrimac, the Regional Planning Commission, the Director of the Division of 
Water Pollution Control, the Regional Department of Water Pollution Control, 
and Regional Department of Environmental ~uality Engineering. 

Also included on the following pages are the letters sent to solicit comments 
and any responses by the author concerning the review letters. 

Requested comments were not received from some of the agencies~ Comments 
were also received from the Merrimack River Watershed Council and Allan 
Pollack, PhD. at the request of the Merrimac Conservation Commission. 
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OFFICE OF THE DIRECTOR 

Barbara R. Notini 
Aquatic Biologist 

.9;;,,,j,,o/l o_/ 1/t,1e/' $//4uo/l ~/lt/<o/ 

//{} :3:emo/l/ 51£,ee,( !f8o.1/o/l {},!'/{}cf' 

February 29, 1980 

Division of Water Pollution Control 
P.O. Box 545 
Westborough, Massachusetts 01581 

Dear Miss Notini: 

I have reviewed the draft report relative to Lake Attitash and find it to 
be consistent with the goals and objectives for lake water quality as 
defined by the Division of Pater Pollution Control. This report presents 
a comprehensive review of lake and watershed conditions and will prove to 
be a useful tool for the restoration and preservation of Lake Attitash. 

TCM/lg 

Sincerely, 

~/l :ti~ /R/£_ 
Thomas C. McMahon 
Director 
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~lr. Th0Ttl2s (·1c.Loughl in 

0),1,<Mn o/ Jj/4,fe,,, ~//ukin <t'o,,~y.o{ 

1/0," 82,,,,/,,7 a;;d flJ,,,;,,a,,d, ¼ton 

January 25, 1980 

De;;art:ment of Environmental Quality Engineering 
323 ~ew Boston Street 
Woburn, Mass. 01801 

Dear Mr. HcT,oughlin: 

The Division of Water Pollution Control has completed a water quality 
Study of Lake Attitash in Amesbury/Merrimac, Massachusetts in partial 
fulfillr•1ent of re(]uireT11ents for the Clean Lakes Program (section 314 of 
the 1977 J,.__._TJ10n<lrncnts to t11e Federal ,,.r.:::1ter Po1lution Control Act, PL 95-217). 
A prelirnj_nary copy of the final report on this study is enclosed. 

I ·would appreciate it if you -would revie:,_w the report and forward your 
writte:1 co~1rncnts to me by February 29, 1980. Also, at that tin;e., please 
indicate if you wish to receive a copy of the final report. All ]_ctters 
of correspondence will be included in tl1e final report. 

Thank you for your 2ssistance and interest in t11e Clean Lakes Program. 

nRN/vn 

Enclosure 
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Sincerely yours, 

Barbara R. Noti11i 
Aquatic Biologist 



THOMAS C. !hM.4HON 
DIRECTOR 

'ff{,4~ 22,,dify and !Jtc,,au4 ,'J:,d,on 

9. (/} ,q;,,x ~ 5- "!l;i1t""'"'?l, j't,"" o 15N 

Mr, Sabin Lord, Jr. 
Division of Water PoJ.ll1tion Control 
323 New Boston Street 
Wobt1rn, Mass. 01801 

Dear Mr, Lord: 

January 24, 1980 

The Di.vision of ·water Pollution Control h2s c.ornpleted a water quality 
study of take At ti tash in Amesbury /}1crrirnc1c, :'1assaci1uset ts in partial 
fuJ.fi l l:.1ent of require:11ents for the Clean Lakes Program (section 314 of 
the 1977 A"1endmcnts to the Federal Water Pollution Control Act, PL 95-217). 
A prelirr:inary copy of the final report on this study is enclosed. 

1 would appreciate it if you ,;,1ou]d review the report and fon._1ard your 
i.:~•ritten co,,rnents to me by February 29, 1980. A.lso, at that time, please 
indicate if you wish to receive a copy of the final report. All letters 
of correspondence will be included in the fjnal report. 

Thank you for your assistance and interest in the Clean Lakes Program. 

BRN/vn 

Enclosu~~e 
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Sincerely yours, 

Barbara R. Notini 
Aquatic Biologist 



fHOMAS C. '~'.:fr',/.,:-ION 
D:RECTOR 

Mr. Jeffery Riotte 

1J,:,,1,,,,, 22,,,Jt,y a,d :J/,:;,ndi, ,'/41,on 

ffJ 0. !;@,« 5:45, 1l:d/4,,,"";I/(, ~lfa-¼ NS!?f 

January 25, 2-980 

Merrimack Valley Regional Planning Commission 
5 ~ashington Street 
Eaverhill, Mass. 01830 

Dear Hr. Rjotte: 

The Division of Water Pollution Control has completed a water quality 
study of Lake Attitash in Amesbury/Merrimac, Massachusetts in partial 
fulfillment of requi ,-,:-:.men ts for the Clean Lakes Program (section 314 of 
the 1977 A,nendments Lo the Federal Water Pollution Control Act, PL 95-217). 
A prelimi.nary copy of the final report on this study is enclosed. 

I would appreciate it if you i.:vould review the report and forward your 
1v--r:it.ten corrF1cnts to me by February 29, 1980. Also, at that time, please 
indicate if you wish to receive a copy of the final report. All letters 
of correspondence will be included in the ffnal letter. 

T11ank you for your 2ssistance and interest in the CL:an Lakes Program. 

Enclosure 

96 

Sincerely yours, 

Barbara R. Notini 
Aquatic Biologist 



rmv 
merrimack valley planning commission 
5 washing/on street, haverhi/1, massachusetts 01830 /617) 374 - 0519 

February 19, 1980 

Barbara R. Notini, Aquatic Biologist 
Division of Water Pollution Control 
P.O. Box 545 
Westborough, MA. 

Dear Barbara: 

01581 

We have reviewed the Division's draft report on the water 
quality of Lake Attitash and, in general, agree with the Division's 
assessment of the lake's problems and recommendations for its 
improvement. We offer the following comments for your consideration: 

1. Page preceding Figure 1: 

statement: "Back River, the major inlet to the lake, drains 
extensive wetlands to the northeast of the lake •.. " 

comment: Should this be northwest? 

2. Page following Figure 1: 

statement: " .. Amesbury will need additional sources of 
public water supply." 

comment: The town is presently constructing new water 
supply wells. 

3. Second page following Figure 1: 

a) statement: 4. Zoning Practices of the Watershed Area, 
The Merrimac Valley Planning Commission 

comment: Proper spelling is Merrimack. 

b) statement: "The U.S. Soil Conservation Connnission 11 

comment: Should be U.S. Soil Conservation Service. 

4. Page following Figure 5: 

statement: "There are also several low-lying wetlands on 
the shoreline from which sed.iment export could be occurring. 11 

amesbury andover boxiord georgetown groveland haverh1II lawrence merrimac methuen newbury newburyport north andover rowley salisbury west newbury 
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comment: This may suggest to some readers a negative 
effect of the wetlands on the lake, when, in fact, they 
probably serve the useful function of a sediment sink. 

5. Page following Table 3: 

statement: 
dissolved 

"The 
oxygen 

lake appeared to be developing a clinograde 
curve. " 

comment: Do the data really suggest this? I thought 
"c.linograden was indicative of a tendency toward anaerobic 
hypolimnion, a condition which I'm not sure was really in 
evidence in this case. 

6. Second page following Table 4 (continued): 

statement: "This concentration may be reflective of the 
location of the lake in the coastal plain zone or the 
result of road salting in the winter." 

statement: "Road salting cannot be implicated in causing 
the annually elevated chloride concentrations." 

comment: Are these statements contradictory? 

7. Page preceding Table 5: 

statement: "Total hardness was high (41 mg/1) on 
November 1, 1977." 

comment: 41 mg/1 CaC03 is not really a high hardness 
level. Maybe should say "highest" or "relatively high." 

8. Page preceding Table 6: 

statement: "Total phosphorous input was elevated over open 
water concentrations, implicating this inlet as a nutrient 
source for the lake. This inlet may not itself affect the 
water quality of the lake, but may function synergistically 
with other point and non point sources." 

comment: The two sentences seem somewhat contradictory. The 
inlet itself does affect the water quality of the lake (although 
perhaps not negatively). Maybe it could be stated in that way. 

9. Second page following Lake Attitash Land Use map: 

statement: "At present the entire pond, with the exception 
of areas deeper than 15 to 20 feet, has become colonized with 
aquatic plants. The dominant plan is naiad (Najas sp.), which 
is a common nuisance aquatic weed." 

Page following Figure 9: 

statements: "Also noticed during summer surveying, but not 
reflected in microscopic examination of surface waters, was 
a filamentous alga covering a great portion of the lower 
littoral area to the deeper pelagic zone." 
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"Aquatic macrophyte species were present in large 
numbers in Lake Attitash." 

" •• about 75 percent of the lake bottom was 
colonized by aquatic plants in varying denisities of coverage." 

Third page after Figure 10: 

statement: "The lake is characterized within the range of an 
oligotrophic lake to a mesotrophic lake." 

comment: While the levels of D.O., nutrients, visibility, and 
several other parameters are not particularly problematic, the 
conclusion that the lake's trophic status lies somewhere between 
oligotrophy and mesotrophy seems to paint a somewhat rosy picture 
of actual conditions. On the basis of the lake's relative shal
lowness, lack of thermal stratification, extensive macrophyte 
growth, and recent nuisance algal blooms, it would seem that a 
strong case could be made for its being classified mesotrophic. 

We hope these comments are helpful to you. We found the report 
to be well-written, with information and recommendations that can 
provide the basis for better management of the lake and its water
shed. The fear, of course, is that the recommendations, like those 
in many other reports, will go unheeded by the local regulatory 
boards. I think, if possible, it would be extremely valuable to 
arrange a meeting with the local officials to discuss the report and 
to suggest a course of action. If you are interested in doing this, 
we could arrange such a meeting. 

Please send us a copy of the final report when it is available. 

AH:ls 
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TO: 

FROM: 

DATE: 

SUBJECT: 

Alan Macintosh, Hydrologist - MVPC 

Barbara Notini 

March 1980 

Response to Review Connnents 

Thank you for comments on the Lake Attitssh Report. I have reviewed 
your responses numbers 1-9 and have corrected any errors in the text 
of the final report. 

I would be very happy to work with you and the towns to insure that 
action is taken to protect and enhance the water quality of Lake 
Attitash. 

BN/lg 
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ThOMAS C. M-::,1.A.HON 
OIR,CiOR 

i.Zti~ o/ 1/{,1,:/,, ~l?,[(on </Jontw,I 

J//,,tm, f:!.kj,'J' and /1},/Yu>¼"A :/4dion 

Hr. Eric Thomson, Chaii-=nan 
Bo2rd of Selectmen 
Town Hall 
Friend Street 
Amesbury, Mass. 01913 

Dear Hr. Thomson: 

9 eJ. flt@ 5.S- jf;ot4myA, ,,It,_,, (ISJ'f 

Januc1ry 24, 1980 

The Divisjon of Water Pollution Control hn.s completed a water suality 
study of Lc1kc Attitash in Amesbury/Merrimac, Massachusetts in partial 
fulfill-sent of requirements for the Clean Lakes Program (section 314 of 
lhe 1977 A1-1endrnents to the Federal Water Pollution Control Act, PL 95-217). 
A preli~inary copy of the final report on thi.s study is enclosed. 

1 r,,wuld 2ppreciate it if you would review the report and fon:vard your 
written corrEJents to me by February 29, 1980. Also, at that time, please 
indicate if you wish to receive a copy of tl1e final report. All letters 
of correspor:dence will be inclu<led in the final report. 

Thank you for your assistance and int2r2st in the Clean Ls.kes Progr2.ID. 
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Sincr:-rr:-ly yours, 

Barbara R. Notini 
Aquatic Biologist 



~clcctmen of tqc m:otun of ~me~burp 
TOWN HALL 

AME:SBURY, MASSACHUSETTS 01913 

March 6, 1980 

Mr. Thomas C. McMahon, Director 
Mass. Division of Water Pollution Control 
P.O. Box 545 
Westborough, Mass. 01581 

Dear Mr. McMahon: 

The Board of Selectmen would like to thank the Division of Water 
Pollution Control for giving us the opportunity to comment on the 
preliminary Lake Attitash Water Quality Study. We feel the study 
presents some valuable facts which will assist the Town of Amesbury 
in protecting this vital resource. As the result of local feedback 
regarding the report the Board of Selectmen would like to make some 
recommendations for the purpose of clarification. 

Under Section 7 of the report regarding a 201 facilities plan 
the implication is that the Town of Amesbury has a long way to go be
fore realizing such a comprehensive plan. After conversations with 
the Town's Superintendent of Public Works and the Town Consultant we 
believe Amesbury is well on its way to formalizeing that 201 plan, and 
that work in this area is on going. In addition, ever effort is being 
made to expedite this planning process in order to realize funding for 
the Lake Attitash sewer. 

In Part III, Conclusions and Recommendations, recommendation 
number 3 states that "the Town of Amesbury should consider sewering 
their area of the lake". The Board of Selectmen wish to emphasize 
that the Town is not only considering this action but, as indicated 
above, is attempting to expedite the necessary 201 facilities plan in 
order to realize the federal funding suggested in this same recommend
ation. 

Also, under this same section, recommendation number 1 states that 
"the Town of Merrimac has chosen to sewer most of the basin area around 
Lake Attitash". The Board would like to request that it be explained 
that Federal funding is being utilized in this effort. 
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Finally, recommendation number 2 under the In-Lake management 
section suggest that the Town of Amesbury "decrease" the zoning north 
of Lake Attitash. The board has received an inquiry as to the reason 
for this recommendation and the objectives of such an action. We 
would therefore like to request an explanation of this recommendation. 

It is our hope that this response will assist the Division of 
Water Pollution Control in finalizing this report. 

In an effort to keep the Board informed of developments in this 
area we have asked Mr. Joseph Fahey, Director of Administration and 
Development, to keep in contact with your agency. Should you have any 
questions please feel free to contact Mr. Fahey. 

Again, thank you for giving the Board the opportunity to comment 
on the report. 

cc: Joseph W. Fahey 
Barbara Notini 

~~·~ 
Eric Hume Thomson, Chairman 
Board of Selectmen 
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TO: Eric Hume Thomson, Chairman Board of Selectmen 

FROM: Barbara Notini 

DATE: March 1980 

SUBJECT: Response to Review Conrrnents 

Thank you for your comments on the Lake Attitash Report. I have reviewed 
your remarks and have changed the wording of the final text. 

The plans for zoning in the area north of Lake Attitash are explained 
under the section on Zoning Practices in the Watershed Area. 

BN/lg 
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~1'MJ c;f;~ 

~'""::,,® </ 1f/ a1e,,. £?i? olkwm 
THOMAS C. McMAHON 

DIREClOR 
"f/{,,te>< £1,,,;-o/ a Nd ~,ud, Y edi,:m 

9 tJ (!gar 5115- 1/laao-,l JI- 015S1 

Mr. \,,~ end el 1 .Jenkins, Chai :rman 
Planning Board 
Town Hall 
Friend Street 
t~nesbury, Mass~ 01913 

Dear Hr. Jen kins: 

January 24, 1980 

The Division of Water Pollution Control has completed a water quality 
study of Lake Attitash in Amesbury/Merrimac, Massachusetts in partial 
fulfillment of requirements for the Clean Lakes Program {section 314 of 
the 1977 Aoendments to the Federal \-later FoJlution Control Act, PL 95-217). 
A preliminary copy of the final report on this study has been sent to 
the Board of Selectmen for review. 

If you are interested I would appreciate your taking tirae to borrow 
the above copy and further review it. Please forward your written 
comments to me by February 29, 1980. Also, at that time, indicate if you 
wjsh to receive a copy of the final report. All letters of correspondence 
will be inc]uded in the final report. 

Thank you for your assistance and interest in the Clean Lakes Program. 

BRN/vn 

Sincerely yours, 

Barbara R. Notini 
Aquatic Biologist 
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THOMAS C. McMAHON 
DIRECTOR 

~f/n1JWJUM,dd o/ J~ 
if/ di»<. {!JlMaJ1/Je4 ~m,m~ 

~,1114fmi o/ 11/4~,,,_ ~/k,&:on <efo,i/4d 

1/{;,~ !J},,,,,{ly a.nd fY/,,,,,.a,J, .Y:.ct,011. 

ffJ /!J. fl6ox S45 "ff{d/>&-~, J&M 0/SSf 

January 24, 1980 

Mr. Donald St. Marie, Chairman 
Conservation Comrnission 
Town Hall Friend Street 
Amesbury, Mass, 01913 

Dear Mr. St. ?--farie: 

The Division of ~ater Pollution Control has completed a water quality 
study of Lake Attitash in Amesbury/~errimac, Massachusetts in partial 
fulfillment of requirements for the Clean Lakes Program (section 314 of 
the 1977 Amendments to the Federal 1-Jater Pollution Control Act, PL 95-217). 
A preliminary copy of the final report on this study has been sent to 
the Board of Selectment for review. 

If you are interested I would appreciate your taking time to borrow 
the above copy and further review it. Please forward your written 
comments to me by February 29, 1980. Also, at that time, indicate if you 
wish to receive a copy of the final report. All letters of correspondence 
will be included in the final report. 

Thank you for your assistance and interest in the Clean Lakes Program. 

BRN/vn 
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Sincerely yours, 

Barbara R. Notini 
Aquatic Biologist 



9,,:z:riHh-n c/ '1/~£e-?t 
THOMAS C. M.:.MAHON 

Di RECTOR 

Mr. Jim Greer, Chairman 
Board of Heal th 
To-h1Tl Hall 
Friend Street 
Anesbury, :½ass. 01913 

D e:,1r Hr. Greer: 

,.jf;,/.e')(. g,.all;y a ,w/ !Jll-t:.Y..o. ,-:ch Y:cl"vn 

fj'J (/J 2J,a 545 1{{,;/4,,u,-,-,/,, c/Cr,M (/5tf 
" 

JaTJuary 24, 1980 

The Div:ision of Water Po]lution Control has completed a water quality 
study of Lake Attitc:1sh in A.itlo2sbury/Merrirnac., Massachusetts in parti.al 
fulfullrncnt of requirements for the Clean Lc.kes Progr2JTI (section 314 of 
the 1977 Arnenc';;;ents to the Federal Water Pollution Control Act, PL 95-217). 
A preliminary copy of the final report on this study has been sent to the 
Board of Selectmen for review. 

If you are interested I would appreciate your taking time to borrow 
the above copy and further review it. Please forward your written 
co,JITJents to me by February 29, 1980. Also, at that time, indicate if you 
wish to receive a copy of the final report. All letters of corr2spondcnce 
will be included in the f:inal report. 

T':1ank you for your assistance 2nd interest in the Clean L.2.kes Program. 

BRX/vn 
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Sincerely yours, 

Barbara R. ~otini 
Aquatic Biologist 



BOARD OF HEAL TH 
AMESBURY. MASS. 01913 

TOWN HALL ANNEX 
11 SCHOOL STREET 

TELEPHONE 388-0426 

Harch 6, 1980 

'?-.r)_omas C. :-icl'-:Lahon1 Directo1• 
.later Hesoupce Commission 
Division of Water Pollution Control 
F,O. 3ox 4511 
'JestboPo, EA 01_5'81 

Dear Sir: 

The Amesbury Board of Heal th "has reviewed the r;reliminary 
water quality study of Lake Attitash in Amesbury/11ierrimac, 
?lease pardon our delay in r•esponding to i';s. Hotini' s request 
for• written comments, :Jue to time constraints and lack of 
adequato photo-copy equipment copies of the r•eport wer>e in 
short supply es9e cially given the number of intei-1cs te cl parties. 

'~'his department has primarily been involved with the lake 
in terms of septic systems thr•oug.h Title 5, Since my a:9point
ment as Beal th Agent in July 1979, the Boiird of Bea.l th has 
ap;Jroved plans for the replaceinent of eight failed septic 
systems, In each case the departmeu-t's involvement has been 
brought about as the r•esul t of an inquiry or complaint, ratheP 
than an independent investigation. In all instances the 
system failure was caused by either unsuitable soil conditions, 
or over-loeding of the system's capacity, or a combination of 
the two. 

'l-!h01•evep test pits have Leen perforraed under t,he r•equire
ments of •ri tle 5 the soil conditions eneountered have been 
rer,iaPkably consistent with the detailed information contained 
in a 1969 U.S. Department of AgricultuPe Soil Conservation 
Service Soils Study, entitled Soils and TheiP Interpretations 
For Va.Pious Land Uses, To,m of Amesbury. This study was in
tended as a general planning tool. .i,·ield observations, this 
soils study, and the water quality report are consistent in 
their agreement that most of the developed area surrounding 
Lake Attitash is unsuitable for subsurface disposal of sewage 
based on soil types, There ape, howeveP, some fairly large 
undeveloped areas in the watershed within _illl'.lesbury, not front
ing the lake, that are in face suitable for subsurface disposal. 
It would be useful in my opinion to assess the impact of this 
potential development prospectively, either as an addendum to 
the water quality report oP as an independent study. 'The exist
ing soils study might be used to quantify the possible extent 
of future development. 
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2. 

'fuis raises the obvious question of water que.li ty impact 
of future development within the watershed should a municipal 
sewer system be constructed to serve that area. It is 
classically the case that new development shortly follows the 
availability of sewer service. The question, then is whether 
in an effort to abate the current problem of septic system 
failure, the construction of a municipal sewer will promote 
development that will in turn augment the other contaminants 
entering the lake, e.g., soil erosion, la,m fertilizers, etc. 
\:ithin the context of the author's suggestion for an overall 
lake management program this question would precede any con
clusion of the desireabili ty of sewer service. Again an 
assessment of this potential would seem to be a useful add
ition to the report. 

Half of the septic system failures previously mentioned, 
i.e. four, were in part the apparent result of overloading. 
In each of those cases the use of the property had within months, 
of the failure changed from either seasonal to year-round 
occupancy, or had an increase in the number of people using 
the system, In each case construction of a new system or 
conversion to a holding tank resulted in an unforseen expense 
to the new owner. This situe.tion in well described by the 
author in her discussion of conversion of summer cotta.ges to 
year-round homes. I'.; is clearly a pattern likely to be repeated, 

1'he report suggests a number of alternatives that the two 
co11Dnunities might pursue. It would be helpful to the many lay
r1en, myself included, who will read the final report if the 
alternatives were ranked in such a way as to state the optL'Uum 
choice in the opinion of the author. Similarly, for the benefit 
of la~nen whom I suspect will have difficulty in interpreting the 
data, it would be helpful to have a somewhat more concrete 
interpretation of the figures, 

I would state my belief that the report is a competent, 
well-prepared assessment of the condition of the lake and its 
watershed during the time of analysis. The report seems to 
imply that the programs it suggests will require additional 
study. An elaboration of these needs, and the consequences 
should the suggestions not be implemented, would be valuable. 

'fue.nk you for this opportunity to comment. 

JAG/ jtb 
cc 

Sincerely, 

' . . C1 'JW/v 
".1>w-'fi..1-,::,..,,· I 

/ 

James A. Greer, Agent 
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TO: 

FROM: 

DATE: 

SUBJECT: 

James Greer, Agent, Board of Health, Amesbury 

Barbara Notini 

March 1980 

Response to Review Comments 

Thank you for comments on the Lake Attitash Report. The final report 
will be issued to all interested parties. Your observations on the 
septic system failures support the conclusions of this report. 

Hopefully, it will be possible for this department, the Merrimac Valley 
Planning Commission, and the towns to be able to set up a task force to 
begin to develop a lake management plan. The responsibility of choosing 
the right alternative for future development and pollution control re
mains with the towns and their commitment to the project. 

BN/lg 
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THOMAS C. McMAHON 
DIRECTOR 

~ 
6Jfa/elt ff/l,e6<J,aiced-C"{}o,mmi<>Jwn 

91Jti1Pi4«m o/ 6Jfale1t fJJollalwn C"{}ontwl 
6Jfalei Pl,ualiltf and &letnxiwk fleclwn 

9'.(IJ. f!.iox 545 - 6Jfro/J~, ulta<¼. 01581 

February 6, 1980 

Ms. Nancy MacGregor, Chairwoman 
Board of Selectmen 
School Street 
Merrimac, Massachusetts 01860 

Dear Ms. MacGregor: 

The Division of Water Pollution Control has completed a water 
quality study of Lake Attitash in Amesbury/Merrimac,- Massachusetts in 
partial fulfillment of requirements for the Clean Lakes Program, (Section 
314 of the 1977 Amendments to the Federal Water Pollution Control Act, 
PL95-217). A preliminary copy of the final report has been received by 
the Town Hall. 

I would appreciate it if you would review the report and forward 
your written comments to me by February 29, 1980. Also, at that time, 
please indicate if you wish to receive a copy of the final report. Your 
response is important to the completion of the report. All letters of 
correspondance will be included in the final report. 

Thank you for your assistance and interest in the Clean Lakes 
Program. 

BRN/rg 

Sincerely yours, 

~~/J,CX ~-;f~' 
Barbara R. Notini 
Aquatic Biologist 
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THOMAS C. McMAHON 
DiRfCTOR 

<tMIV~ o/ ,A~ 
11/44,J'-~?<Je,J ~JMJUM«m 

~;,'lMn o/ 1//,;,,!;»t ~//«lain ~JW/'-d 

1/laie1< £2,,,t;o/ and (]1/,,.Jca.d Y:,d,;,.n 

{i)_ {J_ f!gox 5115-1/~_,/f.vxu,r, ~/(,,"" Cf5J'1 

January 24, 1980 

Mr. Arthur Evans, Chainnan 
Planning Board 
Town Hall 
School Street 
Merrimac, Mass. 01860 

Dear Mr. Evans: 

The Division of Water Pollution Control has completed a water quality 
study of Lake Attitash in Amesbury/Merrimac, Massachusetts in partial 
fulfillment of requirements for the Clean Lakes Program (section 314 of 
the 1977 Amendments to the Federal Water Pollution Control Act, Pl 95-217), 
A preliminary copy of the final report on this study has been sent to the 
Board of Selectmen for review. 

If you are interested I would appreciate your taking time to borrow 
the above copy and further review it. Please forward your written corm11ents 
to me by February 29, 1980, Also, at that time, indicate if you wish to 
receive a copy of the final report. All letters of correspondence 
will be included in the final report. 

Thank you for your assistance and interest in the Clean Lakes Program. 
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Sii1.cerely yours, 

Barbara R. Notini 
Aquatic Biologist 
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THOMAS C. McMAHON 
DiREClOR 

1f~le" lz,,,.{o/ and %,,a,.d .5f' edwn 

fj)_ (!J iJax 545- 1//,-,,t?,"'"'f-/,,, J{,,,,,,_ Of5Sf 

Mr~ J;c,illleS Boynton, Chairman 
Conservation Commission 
Town Hall 
School Street 
Merrj_m2c, Mass. 01860 

Dear Hr. Boynton: 

January 24, 1980 

The Division of Water Pollution Control has completed a water quality 
study of Lake Attitash in Amesbury/Herrimac, Hassachusetts in partial 
fulfillment of requirements for the Clean Lakes Program (section 314 of 
the 1977 Amendments to the Federal Water Pollution Control Act, PL 95-217). 
A preliminary copy of the final report on this study has been sent to the 
Board of Selectmen for review. 

If you are interested I would apprecjate your taking time to borrow 
the above copy and further review it. Please for".\ 1ard your written 
coIDJ.uents to me by February 29, 1980. Also, at that time, indicate if 
you wj_sh to receive a copy of the final report~ All letters of correspondence 
will be included in the final report. 

Thank you for your assistance and interest in the Clean Lakes Program. 

BR's/vn 
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Sincerely yours, 

Barbara R. Notini 
Aquatic Biologist 



C Merrimack River 
Watershed Council 

,♦♦♦♦, 

Feb. 4, 1980 

Barbara R. Notini, Acquatic Biologist 
Division of Water Pollution Control -Water Quality & Research Section 
P.O. Box 545 
Westborough, Mass. 01581 

Dear Barbara, 

I just received a copy of your report on Lake Attitash, and unfortunately, 
I have only a short time to review it before leaving for several weeks 
overseas. 

What I have seen looks very useful and good. I am giving the report to 
Ed Spinney & Alan Pollock in the Biology Dept. of Northern Essex Community 
College for a closer look and asking them to comment for the Conservation 
Commission. 

I have two concerns: One, it has been abundantly clear that no enforceable 
or viable management plan exists to systematically control the level of 
the lake. Amesbury DPW seems to act capriciously, based on complaints, 
either by residents whose septic systems are flooded, or by summer 
residents"lt.o complain about the receding shore-line during low rain 
and flow conditions. 

What is badly needed to protect the water quality and the acquatic 
environment is a management plan suggesting proper levels for the lake, 
to be maintained by Amesbury at the dam. 

Two: There is a great deal of talk about the hydro-electric potential 
of the Pow-wow. I believe further study will show the flowage to be 
insufficient to be economic, but I am concerned that if this belief is 
over-turned, that the demands for power will lead to excessive draw-down 
of the water-shed of which the Lake is a part. 

Your comments about the need for sewerage collection and better septic 
system management are very correct. In particular, Amesbury needs to 
address the problem, as it is foolish to sewer half the Lake-or more 
accurately, one-third of the shoreline which is populated. 

I would like to see a summary of the report, with my comments, and those 
of others, disseminated to Boards in both towns. 

I'm enclosing a few extra copies of The River's Reach for you and your 
colleagues in Westborough. The early response to issue# 2 has been 
heartening. I hoRe you will be a contributor in the next issue. 

1.2 ·- ,, • _l ("'-., 

Sincerely, ,. • /<-ch? { 
Na'fe~fts, 1rl:, ~errimac, Con Comm.; Water Resources Commission member 

l 01 River Road, Merrimacport, Massachusetts 01860 
16171 346-9286 
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TO: Nate Tufts, Jr., Merrimac Conservation Connnission 

FROM: Barbara Notini 

DATE: March 1980 

SUBJECT: Response to Review Connnents 

Thank you for connnents on the Lake Attitash Report. Your thoughts on the 
systematic control of the water level of Lake Attitash have been added to 
the recommendations under in-lake management plans. A final copy of the 
report will be sent to the boards of both towns, as well as interested 
individuals. 

BN/lg 
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Barbara R. Notini, Aquatic Biologist 
Division of Water Pollution Control -
Water Quality Research Section 
P.O. Box 545 
Westborough, Mass. 01581 

Dear Ms. Notini: 

TELEPHONE: 374-0721 

February 25, 1980 

I have recently read a preliminary Draft copy of your very 
thorough study of Lake Attitash. 

The extent and high quality of your data seem to me to provide 
a clear picture of a lake which is deteriorating quickly. 
Having done some similar studies of lakes both in this area 
and one of those you mention for comparison, (L. Winthrop) 
I would like to hope that the strong suggestion be given to 
responsible local officials that some action ought to he 
taken soon to prevent this important water resource from 
deteriorating as far as have some others in this part of the 
Merrimack Valley. 

I believe your data on phosphate concentrations, silica con
centrations,and your excellent analysis of 1977 phytoplankton 
succession (leading into nuisance species) document the case 
that important changes in water quality are occurring. I 
would like to see, in addition, enough phosphate and sediment
depth sampling to begin calculating phosphate budgets. But 
the sediment phosphate concentrations and apparent sediment 
depth changes which :y,ou have documented in such a shallow lake 
do not look very hopeful in am important communitv water resource. 

When such phosphate reservoirs in deepening sediment are 
combined with high iron and low alkalinitv reserve, I wonder 
how much longer any effective nutrient scavenging food chain 
can be maintained. 

I wonder whether some harmless sodium silicate fertilization 
might be attempted this summer along with enough sampling 
to watch whether the diatom to blue-green succession might 
be shifted toward a diatom-green,diatom succession, possibly 
even maintenance of greater species diversity in phytoplankton. 

Could your department provide some continued analysis of chemical 
and algal species (perhaps on a smaller scale with some selected 
parameters) this Snring-Summer? Could the Merrimack River 
Watershed Council or Northern Essex Community College science 
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Notini 2: 

~~hV @~ <&t~7Jl41UM'o/ <&+/ 
g~ !/~ JP~ (J/~.J(J 

TELEPHONE: 374-07 21 

students aid such an effort by collecting samples for you 
on a regular basis? Could some small-scale critical nutrient 
adjustment such as I have suggested be attempted in order to 
1) give some direction to a technique of maintenance for an 
important multiple-use resource, and 2) allow local officials 
both some time for consideration and some on-going source of 
direction for an inexpensive maintenance program? 

It looks to me as if reliance upon stop-gap measures such as 
crisis-oriented septic system repair will soon lead to the 
point where copper sulfate and chemicals with worse implications 
for food chain diversity will be debated as quick-fixes for 

intolerable'' conditions in recreation areas, even drinking water. 

~erely y~ 4 ;/) {;£iirtr>rr/l;~~. D, 
Assistant Profess r 

cc: J. Boynton, ~errimac Conservation Comm. 
N. Tufts, Merrimack River Watershed Council 
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TO: Alan L. Pollock, Ph, D. 

FROM: Barbara Notini 

DATE: March 1980 

SUBJECT: Response to Review Comments 

Thank you for your comments on the Lake Attitash Report, This Division 
is currently applying for federal 314 funds to continue parts of the 
Lake Attitash study. This will be done to update the report to the 
current 314 regulations published in February 1980, At such time when 
our plans become more definite your help and expertise will be appre
ciated, In the meantime, work can be done through a public group heing 
organized by the concerned citizens of Amesbury and Merrimac. 

BN/lg 

118 



THQrl'.AS C. r/ J/.A~ON 
Dtf-;LCIOR 

;'1s Co-:nsta.nce Boyt 

(t/o;nr11/J,1uwedth o/ cA~LUdJ 

1/la!el'-gp,eM4?0€4 c;f,,T/i?tl/Mlon 

9'1Hj,,0n o/ "ffl:zte1<-£?/:,ji,t;:;n <fon/µd 

1f'de,, !2},,,,i,o/ and :Y/,_,a,,,-,h ,1/::dion 

fYJ. tJ ,@ox 545- i/~dk,,w7h, J(,,m (fi,ff 

:anu3ry 24, 1980 

C}1airman of Board of Health 
School Street 
}lerrirnac, Ma 01860 

Dear Ms Hoyt: 

The Division of l',\,':tcr Pollution Control has comp]eted 2. water qua.1ity 
study of T"ake Al t..i tash in Amesbury/Merrimac, Massachusetts in partial 
ful£il1Iuent of requirerne.nts for the Clean Lakes Program, (section 314 of 
the 1977 Amendr1ents to the Federal Water Pollution Control Act, PL 95-217). 
A preliminary copy of the final report on this study is enclosed. 

I l~1ould appreciate it if you would review the report and forward your 
written CO?:'Zlents to rne by February 29, 1980. Also, at that time, please 
indicate if you wish to receive a copy of the final report. All letters 
of correspondence will be j_nclu<led in the final report. 

Thank you for your assistance and interest j_n the Clean Lakes Program. 

BR.:.'l"/vn 

f:nclo::;ure 
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Sin cere.ly yours, 

~/_ (>_-·>_/ -~ __ ;:<J-<:J{.::;-~;.:,{·-
' ~,,1_· :>., - - -

Barbara R. Notini 
Aquatic Biologist 



THOMAS C. McMAHON 
DIRECTOR 

6Jfalei ffJ?,eM;uice6 riMnmiMwn 
9/)w~ o/ 6Jfale1t fJ>ollalion rionliol 

6Jfalut 92«a~ and fllaeauli fledwn 

f!J.(!J. fiJox 5~5 - o}fe4/Jowug/ty uftaM. 01581 

February 13, 1980 

Senator Sharron Pollard 
413 H State House 
Boston, Massachusetts 02133 

Dear Senator Pollard: 

I was pleased to receive a call from your office requesting 
a copy of the Lake Attitash report. Your recognition of Lake Attitash 
as a valuable resource to the district is greatly appreciated. The 
report is currently being reviewed by the Towns of Amesbury and Merrimac, 
as well as the Division of Water Pollution Control and the Department of 
Environmental Quality Engineering. I have enclosed a preliminary copy 
of the report. If you want to have your review included in the final 
report, send written comments to me by February 29, 1980. 

This water quality study and diagnostic report on Lake Attitash 
was funded under the Federal Clean Lakes Program (Section 314 of the 
Federal Water Pollution Control Act PL95-217). Legislation has been 
filed in both the House (No. 2260) and the Senate (No. 1244) which would 
create a Commonwealth Lakes Restoration Program. I have enclosed copies 
of the bills for your perusal. This legislation establishes a program 
concerned with protecting and enhancing the water quality of the publicly 
owned lakes and ponds in Massachusetts. 

A final copy of the Lake Attitash Report will be sent to your 
office. Thank you for your interest in the Clean Lakes Program, and 
should you require any further information please do not hesitate to 
contact this office. 

BRN/rg 
Enclosure 

Sincerely yours, 

Barbara R. Notini 
Assistant Aquatic Biologist 
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