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PART I

DIAGNOSTIC EVALUATION



INTRODUCTION

The establishment of the Massachusetts Clean Lakes Program
under Chapter 628 of the Acts of 1981 enabled many municipalities
and lake associations to acquire funding for study and
restoration of thsir lakes. As an environmentally aware and
concerned community, the Town of Westford applied for a grant for
a Phase I diagnostic/feasibility study of Forge Pond, the largest
water body in the town and the focal point of water-based
recreation in this community. After being awarded the grant, the
town contracted Baystate Environmental Consultants, Inc. to
conduct the study.

Concern over the present and future status of Forge Pond and
other town lakes prompted the request for a study. The water
quality impacts of man's activities in the Forge Pond watershed
were largely unknown, and the condition of Forge Pond was
perceived to have deteriorated markedly over the last 50 years,
although it has remained a very popular recreational facility.
Mitigation of any current negative influences on the pond and
prevention of future degradation of this water resource were
desired.



DATA COLLECTION METHODS

Previous studies of Forge Pond and related lakes were
reviewed, and locally collected water quality data were also
evaluated. Maps and reports prepared by the United States
Geological Survey (USGS) and Soil Conservation Service (SCS) were
used to initially assess watershed characteristics. Of
particular use were the USGS (1979) Ayer and Westford Quadrangle
Sheets from the 7.5 minute series, the USGS-Massachusetts
Department of Public Works Bedrock Geologic Map (Zen, 1983), and
the unpublished Worcester County and Middlesex County soil survey
reports prepared by SCS (1986). Areal measurements were made
with a Planix Electronic Planimeter. Determinations made from
maps were verified by field inspection by staff engineers,
biologists, and a geo-hydrologist wherever possible.

Historical lake and land use were investigated through
conversations with watershed residents, newspaper and technical
articles, previous reports and maps, state agency correspondence,
and field inspection. Information archived at the Westford and
Littleton Libraries was particularly helpful. Also of great
interest and use were records kept by Mrs. Helen Flaherty of the
Lake Matawanakee Association. Mr. Savas Danos of the Littleton
Light and Water Company provided additional information and
aerial photographs for review, and Mr. John Powers of Murray
Printing Company supplied useful information relating to the
outlet of Forge Pond.

The Forge Pond bathymetric map prepared by the Massachusetts
Division of Water Pollution Control (MDWPC 1974) was verified by
plumb-lining along cross-lake transects and through visual
inspection by a SCUBA diver; modifications were made as
appropriate. Soft sediment depth was assessed by driving a probe
to first refusal; these measurements were also performed by a
diver in conjunction with the bathymetric check.

A comprehensive monitoring and investigative research
program was instituted to assess the physical, chemical, and
biological characteristics of Forge Pond. Regular sampling
stations were selected from topographic maps and field
inspection. These stations are described and shown in Figure 1.
The in-lake station was sampled with a Van Dorn bottle at three
vertical levels (surface, thermocline, and bottom) during
statification and at the surface and bottom during mixis. All
stations were sampled approximately biweekly between spring and
fall turnovers and monthly thereafter until the following spring.

Fifteen parameters were routinely assessed at all sampling
locations. Temperature and dissolved oxygen levels were measured
with a YS1 model 57 meter, with vertical profiles obtained at the
in-lake stations (0.3 to 1.0 m intervals). The pH was measured



FIGURE 1

REGULAR SAMPLING STATIONS

Fl Beaver Brook inlet at Beaver Brook Rd.

F2 Slick Brook inlet at dirt road off Rt. 119.

F3 Gilson Brook inlet at Gilson Rd.

F4 Carmichael Swamp Brook inlet at railroad.

F5 In-lake station at deepest area:
Three depths—surface, middle, bottom.

F6 Outlet at beach access road off Pleasant St

1 CM =240 M



.on-site with a Hach colorimetric kit and conductivity was
assessed with a Horizon model 1484-10 meter. A four liter water
sample was taken at each sampling location and transported to
Arnold Greene Testing Laboratories in Natick, MA for analysis of
suspended solids, dissolved solids, total alkalinity, chlorides,
total Kjeldahl nitrogen, nitrate nitrogen, ammonia nitrogen,
total phosphorus, and orthophosphorus by accepted standard
methods (e.g., Kopp and McKee, 1979; APHA et al., 1985).
Separate bacterial samples were collected for fecal coliform and
fecal streptococci analyses, also performed by Arnold Greene
Testing Laboratories by standard methods (membrane filter
technique)•

Flow was assessed at all stream stations, using either the
float method, a Gurley Standard flow meter, or a pipe/weir
equation (SCS, 1975) where appropriate. A 20 cm Secchi disk was
lowered on the shady side of the boat to evaluate water
transparency at the in-lake stations. Analyses of chlorophyll
concentration and features of the phytoplankton and zooplankton
communities were made for those locations as well. Phytoplankton
samples were obtained from a depth integrated epilimnetic
composite sample, while zooplankton samples were collected by
oblique tow of an 80 micron mesh net. Phytoplankton samples were
preserved with Lugol's solution and zooplankton samples were
preserved with a formalin solution. Plankton samples were
analyzed microscopically for species composition, relative
abundance and biomass. The size distribution of the zooplankton
was also assessed, and all data were recorded and tallied using a
microcomputer routine developed by EEC and Cornell University
personnel.

Sediment samples were obtained from the in-lake stations
with a manual coring device (5 cm diameter lucite tube) operated
by a SCUBA diver, providing a cross section of bottom sediment
strata. Samples were analyzed by Arnold Greene Testing
Laboratories for total Kjeldahl and nitrate nitrogen, total
phosphorus, organic/inorganic fraction, heavy metals (As, Cd, Cr,
Cu, Fe, Hg, Mn, Ni, Pb, V, Zn), PCB's, oil and grease, and
sodium,

Macrophyte species composition and areal extent of cover
were assessed by visual inspection from a boat and by a SCUBA
diver. The distribution of summer bottom cover was mapped,
noting dominant species in each area. Qualitative -notes were
made on the subsurface density, composition, and distribution of
macrophyte stands by the diver. Macroinvertebrate composition
and density were also assessed at that time through dredge and
net samples.

A shoreline conductivity survey was conducted in August to
locate any major input points for dissolved substances. The



probe for the conductivity meter was trailed behind a slow-moving
boat, with readings made approximately every 50 meters. Any
changes in water temperature or appearance were also noted.
Auxilliary stations (Figure 2, Table 1) were sampled as
warranted. On one occasion a coopera'tive sampling was conducted
with Littleton Light and Water Company.

Domestic wells within the Forge Pond watershed (Figure 3)
were sampled for thirteen of the fifteen water quality parameters
routinely assessed in surface waters (temperature and dissolved
oxygen excluded). Well sampling took place on two separate days,
once in August of 1985 and once in April of 1986. Samples were
handled and processed in the same manner as the surface water
samples.

A questionnaire survey was performed to assess the
preferences and practices of watershed residents. Questionnaires
were prepared by BEC and distributed and collected by volunteers
from the Lake Matawanakee Association and the Forest Community
Association, as well as by BEC personnel. Emphasis was placed on
properties near the lake, but residences up to 1000 m from Forge
Pond were surveyed. Responses were tallied and interpreted by
BEC personnel.



FIGURE 2

AUXILIARY SAMPLING STATIONS
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TABLE 1

AUXILLIARY SAMPLING STATIONS IN THE FORGE POND WATERSHED

Station Location/Description

F 7 Intermittant tributary at Robinwood Drive
by Salto property.

F 8 Intermittant tributary at dirt access
road to railroad (off Matawanakee Trail).

F 9 Storm drain at Matawanakee Beach #2.

F 10 Storm drain at Matawanakee Beach #1.

BB 1 Beaver Brook at Littleton-Boxborough town
line.

BB 3 Beaver Brook at Taylor Street, Littleton.

BB 5 Beaver Brook at Great Road (Rt. 119),
Littleton.

GB 1 Gilson Brook (also called Bennett Brook) at
Willow Road, Littleton.

GB 2 Gilson Brook off Spectacle Pond Road,
Littleton.

GB 4 Gilson Brook at outlet of Spectacle Pond.

VF 1 Very Fine Brook (also called Mill or Reedy
Meadow Brook) at Bruce Street, Littleton.

VF 2 Very Fine Brook at railroad (by San-Vel)
in Littleton.

VF 3 Very Fine Brook at King Street, Littleton.

VF 4 Very Fine Brook at Kimball Street, Littleton

All BB, GB, and VF stations are included in the Littleton Light
and Water Co. monitoring system.



FIGURE 3

LOCATIONS OF SAMPLED WELLS
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LAKE AND WATERSHED DESCRIPTION AND HISTORY

Lake Description
Forge Pond is located in the Towns of Westford and

Littleton, Middlesex County, Massachusetts. It lies at latitude
42°3410011 and longitude 71 29'39", encompassing an area of 72.4
ha (Table 2). Forge Pond has an irregular shape, with a single
deep hole in a central location (Figure 4). The hypsograph for
Forge Pond (Figure 5) indicates a somewhat uneven partitioning of
pond area among possible depths, with 80% of the pond having a
depth less than 5 m. The mean depth of the pond is almost 3.4 m
and the maximum depth is 10 m, enough to allow thermal
stratification in the deep hole during summer. On average, a
total volume of 2.44 million cu.m of water is impounded. The
detention time for water in Forge Pond ranges from 0.10 to 0.19
yr on an annual basis, with a predicted long-term mean of 0.14

vr-
Forge Pond is fed primarily by Beaver Brook and Gilson Brook

(also called Bennett's Brook), but there are two other regular
tributaries and several intermittant ones. Direct precipitation
and ground water are relatively minor water sources for Forge
Pond, although the indirect contribution of ground water to the
pond via its tributaries is thought to be substantial. Forge
Pond outlets into Stony Brook, which flows northeast through
Westford.

There are four developed beaches on the shores of Forge Pond
(Figure 4), but none of these are completely public. The Town of
Westford operates a large beach and day use facility on the north
side of the pond, adjacent to the outlet. The Matawanakee Lake
Association maintains two small beaches and a boat ramp on the
west side of the pond, and the Forest Community Association has a
beach and a boat ramp on the south shore. All serve the
communities which maintain them, but they are not open to all
citizens of the Commonwealth.

The only truly public access to the pond is a parcel of land
at the east end, adjacent to the Beaver Brook inlet. Boats can
be launched from this state-owned property, and some parking is
available. Portable boats can also be launched from the
shoreline adjacent to the Westford beach parking lot, but there
is no access for trailered boats. Interest in creating a public
beach facility at Forge Pond has been expressed recently by the
Massachusetts Department of Environmental Management (MDEM), but
no action has yet been taken.

Forge Pond is the largest of the eight lakes in Westford and
the six lakes in Littleton. It is the primary recreational lake
for Westford and the deepest lake in the area. Forge Pond is a
natural great pond (>10 ac surface area), but its area was

11



TABLE 2

CHARACTERISTICS OF FORGE POND AND ITS WATERSHED

Lake Measures

Location: Worcester and Middlesex Counties, Westford and Littleton
42° 34'00" lat. 71° 29'39" long.

Area:
Depth: Mean

Maximum

Volume:
Detention Time: Mean

Range
(annual means)

72.4 ha
3.37 m

10 m

2.44 million cu.m
0.14 yr

0.10 - 0.19 yr

Longest Fetch 1440 m
Greatest Distance Perpendicular

To Fetch 792 m
Shoreline Length 6069 m
Shoreline Development 1.93

Area (excluding Forge Pond
Watershed Area/Lake Area

Land Use:

Watershed Measures

5339 ha
73.7

Forest
Residential/Commercial
Wetland
Agriculture
Industrial
Highway Corridor
Lakes (excl* Forge Pond)
Open

Sub-drainage Basins:

Beaver Brook
Gilson (Bennett) Brook
Carmichael Swamp Brook
Slick Brook
Other Tributaries and

Direct Drainage

% of Total

30.4
28.7
18.7
13.6
4.7
2.4
1.0
0.5

% of Total

55.5
33.8
5.9
1.6

3.2

(179 acres)
(11.1 ft)
(33 ft)

(1979 acre-ft)
(49 days)

(37-69 days)

(4725 ft)

(2599 ft)
{19912 ft)

13192 acres)

12
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FIGURE 5

Forge Pond Hypsographic Curve
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probably increased slightly by the construction of the outlet
structure. It has existed at its present shape and size since
the early 1700's.

Watershed Description
The watershed of Forge Pond is quite large, encompassing an

area of 5339 ha (over 20 sq.mi.). The large watershed to lake
area ratio of 73.7 suggests that there will be great difficulty
in controlling pollutants in the watershed and successfully
managing Forge Pond water quality. At ratios of 10 or more such
management begins to become difficult, while at ratios higher
than 50 it becomes almost impossible to economically control
water quality at all times. Watershed geology, soils, and land
use greatly affect the relationship between watershed:lake area
ratio and water quality. Yet even the natural background load of
nutrients from a large watershed can be excessive. Agricultural,
industrial, and residential activities tend to further elevate
pollutant loads.

Most of the Forge Pond watershed lies to the southwest of
the pond (Figure 6), and includes parts of six towns (Figure 7).
Glacial action and erosion have created an irregular topography
with many small hills and wetland depressions. The watershed of
Forge Pond can be divided into two major and three minor sub-
watersheds (Figure 8). The Beaver Brook drainage basin is the
largest, including 55.5% of the total Forge Pond watershed.
Gilson/Bennett1s Brook comprises 33.8% of the complete watershed,
while Carmichael Swamp Brook and Slick Brook represent only 5.9
and 1.6% of the watershed, respectively (Table 2). Direct
drainage area and intermittant tributaries account for the
remaining 3.2% of the Forge Pond watershed.

Current land use in the Forge Pond watershed (Figure 9) is
dominated by forest (30.4%) and residential/commercial uses
(28.7%) (Table 2). Wetlands are very abundant, comprising 18.7%
of the watershed. Agricultural operations are not as numerous as
they once were, but still comprise 13.6% of watershed lands.
Industrial complexes, a highway corridor (Route 495), lakes other
than Forge Pond, and open land (mainly abandoned gravel pits)
account for the remaining 8.6% of the land in the Forge Pond
watershed.

The distribution of land use in the Forge Pond watershed is
very patchy. Designations made in Figure 9 represent the
dominant land use within each delineated area. The detailed land
use pattern is even more complicated than that shown, resulting
from relatively little control of land use until recently. In
the immediate vicinity of Forge Pond, residential land use is
most common, with several large parcels of wetland and

15
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FIGURE 8

DRAINAGE PATTERN AND
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FIGURE 9

CURRENT LAND USE

IN THE FORGE POND
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agricultural lands also present. Shoreline housing generally
consists of cottages originally constructed for seasonal use,
many of which have been converted into year-round dwellings.

Most waterways are bordered by wetlands, which are
particularly extensive along Beaver Brook. Mill Pond on Beaver
Brook and Spectacle Pond on Gilson/Bennett1s Brook act as
upstream detention basins for Forge Pond. A small stream known
as Veryfine, Mill, or Reedy Meadow Brook joins Beaver Brook at
Mill Pond, and carries treated effluent from the New England
Apple Products processing plant nearby. The Littleton landfill
is located near Spectacle Pond. There are well fields for public
water supply within both the Beaver Brook and Gilson/Bennett1s
Brook drainage basins.

Watershed Geology and Soils

The surficial geology of the Forge Pond watershed has been
substantially influenced by glacial activity. Most of the
watershed lies in a glacial outwash plain. Glacio-fluvial and
glacio-lacustrine activity which accompanied the retreat and
demise of the Late Wisconsin glaciers (about 11,000 years before
present) resulted in the formation of eskars, various kames, and
other ice-contact and outwash deposits principally composed of
stratified silt, sands, gravel, and cobble.

Earlier glacial activity in the Wisconsin Epoch (70,000
years before present) was responsible for the formation of
drumloidal land forms present in the watershed. This activity
may have also reshaped the surface of some bedrock features.
Post-glacial (Holocene) eolian and palludal activity subsequently
modified the upper zones of both ice advance (till) and retreat
(outwash, ice-contact deposits) features. Forge Pond is a tiny
remnant of a glacial lake, and may have originated as a
kettlehole, a depression originally occupied by a stranded block
of ice in a pitted outwash plain.

Man has influenced the surficial geology of this area to
some extent, primarily through the extraction of sand and gravel
deposits for construction purposes. A kame known as Cobble Hill,
that used to be located adjacent to Beaver Brook in northern
Littleton, was excavated during the 1960's to provide fill for
the construction of Route 495 (Mitchell 1984). A portion of the
Littleton eskar, located southwest of Mill Pond near the Route
495-Route 2 interchange was also removed to provide fill for
construction projects. Removal of vegetative cover has
facilitated more rapid erosion by water and to some extent by
wind, forces which complicate geological interpretation even in
the absence of man1s influence.
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The soils that developed from the glacial outwash
(stratified drift) and till (unstratified drift) are generally
sandy and often stoney. They are moderately to excessively
drained, usually with very permeable substrata. The most common
soils of this type which are found in the Forge Pond watershed
belong to the Hinckley, Paxton, and Chatfield series. Sandy
soils of the Merrimac and Canton series are moderately abundant
in this watershed. Representatives of at least eight other sandy
soil series can be found in the Forge Pond watershed, giving the
detailed soil map (Technical Appendix) a highly mosaic character.

Palludal muck soils are also common in this system, having
been formed from organic matter which accumulated in low areas.
Freetown and Swansea muck soils are associated with most of the
wetlands within the watershed. These soils are poorly drained
and have a water table at or near the surface most of the year.

Man1 s influence on the soils of this system is reflected in
the variety of Udorthents and Urban Land Soil Complexes present
(Technical Appendix). The creation of gravel pits, landfills,
and impervious surfaces has appreciably altered soil
characteristics in many areas.

The variety of soils in the watershed results in a great
range of permeability and suitability for specific uses. Land
use is most often determined by whether a parcel is underlain by
till or outwash. Percolation rates range from 0.2 (usually till)
to over 20 (usually outwash) inches per hour. Detailed
inspection of the soils on a given property is recommended prior
to siting buildings or wastewater disposal systems. The
stoniness of most watershed soils is an obstacle to agriculture,
although the area has historically supported extensive farming
activity.

Historical Lake and Land Use
The history of a one square mile plot within the Forge Pond

watershed was the subject of a book by J.H. Mitchell (1984).
This partly fictional account of "Scratch Flats", which is
bordered on the north and west by Forge Pond, describes events
over the last 15,000 years on this portion of the watershed.
Aside from name changes, character inventions, and consideration
given to folklore, the book gives a clear and believable account
of natural and man-induced alteration of the land and water
resources since the last glaciation.

J.H. Mitchell's book, "Ceremonial Time", carries the reader
through the demise of the glaciers, the development of current
landforms and vegetation, use by the Indians, settlement by white
men, the agricultural period, and the modern era of high
technology and extensive residential/commercial development.
Careful attention is payed to the role of nature in historic
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events, from cataclismic alteration of the land by glaciers to
the effects of soils on crops and residential development. There
is an underlying current in Mitchell's writing which infers that
the past, present, and future are not as distinct as one might
think, and that nature will eventually reclaim Scratch Flats.
This may be true, but most of us live in the present and the
natural rate of change appears insufficient to save Forge Pond
from impairment of recreational utility.

Documents, maps, and books available from the Westford and
Littleton libraries (e.g., Kennedy 1979) detail the settlement of
the Forge Pond watershed by white men and accompanying changes in
lan<3 and water use. In the early 1600's the local Indians
employed weirs to catch fish from the streams feeding Forge Pond,
hunted in the extensively forested watershed, 'and made use of a
number of wetland resources. A 1660 treaty banished the Indians,
and the area was settled by white men beginning in 1664. By 1730
there were between 500 and 800 people in Westford; no more than
this number are believed to have inhabited the Forge Pond
watershed.

In the early 1700's the outlet of Forge Pond was modified to
provide water power for an iron works on the site of the present
Murray Printing Company operation. Prior to this time the pond
was known as Matawanakee Lake, but it soon came to be known as
Forge Pond. The forge, operated by the Horse Nail Company,
existed in some form and held the water rights to Forge Pond
until 1879, when the Abbott Worsted Company of Graniteville, MA
expanded and occupied the outlet site. Abbott Worsted imported a
considerable labor force, constructed housing in the immediate
area, and provided a public water supply. Forge Village grew
rapidly to its present size.

By 1930, Abbott Worsted became the largest manufacturer of
yarn in the United States. The Westford plant was closed in
1956, however, and the building and water rights were sold to the
Murray Printing Company. Murray Printing Company has been
producing books and other printed materials at the site since
1958. The operation uses between 1 and 2 mgd of Forge Pond water
for cooling purposes, although the temperature of pond water is
often too high for proper cooling during summer; well water is
used during those periods.

The only other major commercial venture associated with
Forge Pond was ice production prior to the advent of
refrigeration. A Mr. Thomas Hittinger operated a large ice house
at the site of the present Westford town beach from 1864 to about
the turn of the century. About 175 men were employed cutting ice
and hauling it to Boston with horses. The Daniel Gage Ice
Company acquired the business around 1900, but abandoned the site
in the 1920's. The building burned down in 1931.
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A small grist mill was located on Gilson Brook just upstream
of Forge Pond in the late 1700's, established by the Wright and
Lawrence families. A retired seaman, Mr. William Lapham,
purchased the mill in 1828 and converted it into a sawmill. A
Mr. R.D. Gilson, for whom the stream is named, purchased the mill
in 1856. Only an earthen dike now remains to mark the mill's
location.

Most of the watershed was either forest or farm during the
1800's and early 1900's. Despite the extreme stoniness of the
soils, crop farmers persisted in working the soil and created the
ubiquitous rock walls for which New England is well known. As
Boston grew and transportation became easier, the watershed was
exposed to increasing residential and commercial development
pressure. Subdivisions and industrial parks have become major
features of the landscape. For almost two decades the New
England Apple Products operation in Littleton has grown and
prospered. Sand and gravel extraction and processing activities,
such as the San-Vel operation in Littleton, have flourished in
the watershed and altered its surficial geology.

In the early 1900's there were practically no residential
dwellings along the shoreline of Forge Pond. The lake had long
been prized as prime fishing waters, first by the Indians and
later by white settlers. Henry David Thoreau enjoyed fishing at
Forge Pond, although he apparently found another water body more
suitable for reflective contemplation. The warm water fishery
and swimming and boating opportunities afforded by Forge Pond
attracted many people from the Boston area. Summer cottages, or
"camps", appeared on the shoreline in great numbers by 1950.

Many of the summer cottages have been converted to year-
round use, but many other houses were built as permanent
residences from the start. As travel in the Boston metropolitan
area became less of a burden, residential subdivisions were
erected to serve the commuter population. The relatively rural
setting and recreational opportunities associated with the lake
were very attractive. The Matawanakee development in Littleton,
on the west side of the pond, was largely constructed in the
1950's. The large homes of the Greeneedles development are the
most recent addition to the landscape.

In both of the developments noted above, an effort was made
to manage environmental quality through deed restrictions and the
establishment of a community association. The Matawanakee Lake
Association has a detailed set of deed restrictions and
guidelines for property owners (Appendix A), and maintains
regular communication among members. A Board of Trustees
formulates policy and mitigates disputes wherever possible.
Among the problem issues tackled by this association are the
rights of pond users and waterfront property owners, maintenance
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of recreational facilities, and the management of land parcels
outside the development which represent a hazard to water or air
quality. While environmental problems still occur, the elevated
environmental consciousness of this group is commendable, and
should be a. great aid to the management of Forge Pond.

Recreational use of Forge Pond has increased dramatically
since the 1920's, with all forms of boating, swimming, and
fishing occurring at the lake. There is considerable motorized
traffic on the ice in winter, mainly in the form of snowmobiles
and other recreational vehicles. Skating and cross-country
skiing occur on the pond in winter as well. Snowmobiling and
skating are also popular on Beaver Brook (Mitchell 1985).
Existing beaches are crowded on hot summer days. The pond is
highly regarded by anglers as a bass fishery, although the
present oxygen problem threatens this resource. Boat traffic on
summer weekends is heavy. Management of users as well as water
quality is needed at Forge Pond.
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LIMNOLOGICAL DATA BASE

Limnological data were collected for one year in an effort
to assess pond condition and evaluate temporal and spatial
variability in physical, chemical, and biological features.
Through this data collection effort we attempt to learn how the
system functions and which factors are important to its
wellbeing. Considerable information is generated, and one must
sort out the critical items from those of general interest or
minimal utility in the management of the system. Therefore, in
the interest of brevity, most raw data have been incorporated
into a technical appendix which serves as a support document to
this report. Calculation sheets which detail the derivation of
useful values and other information of secondary importance have
also been included in the technical appendix.

Water Chemistry
The chemical nature of Forge Pond influences biological

characteristics, and is itself greatly influenced by the rate of
transfer of substances into and out of the water column. Flow
characteristics are therefore of major potential importance in
the system. The mean flow at the Beaver Brook inlet during the
study period was 19.3 cu.m/min, with a range of 8.8 to 52.7
cu.m/min (Table 3). Gilson Brook, the second largest source of
water, provided a mean of 9.3 cu.m/min. Flow from Gilson Brook
was quite variable, ranging from 0.8 to 31.8 cu.m/min. The mean
flows from Carmichael Swamp Brook and Slick Brook were 2.2 and
1.0 cu.m/min, respectively. The measured discharge at the Forge
Pond outlet averaged 22.4 cu.m/min and ranged from 2.5 to 77.3
cu.m/min.

There are some minor water inputs from other sources, but
those already mentioned add up to considerably more than the
outlet flow. Some water is taken for cooling purposes by Murray
Printing Company, but most of the discrepancy is believed to be
the result of ground water recharge on the Westford side of Forge
Pond. For further details, consult the Hydrologic Budget section
of this report.

Phosphorus is usually viewed as the key plant nutrient in
aquatic (and often terrestrial) systems. It is most often the
element in shortest supply in relation to the needs of plants,
and is more easily controlled than most other essential plant
nutrients. The level of phosphorus in a lake is therefore of
critical importance to the condition of the system.

Total phosphorus concentrations varied greatly over space
and time in the Forge Pond system (Table 3). Mean values for the
four regularly sampled tributaries ranged from a low of 30 ug/1
(Carmichael Swamp Brook) to a high of 119 ug/1 (Slick Brook).
Beaver Brook and Gilson Brook means were intermediate at 52 and
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TABLE 3

VALUES OF MONITORED PARAMETERS IN THE FORGE POND SYSTEM

PARAMETER UNITS VALUE TYPE F-l F-2 F-3 F-4 F-5S F-5M

to

F-5B F-6

PLOW

TOTAL PHOSPHORUS

ORTHOPHOSPHORUS

AMMONIA NITROGEN

NITRATE NITROGEN

TOTAL KJELDAHL NITROGEN

NITROGEN: PHOSPHORUS RATIO

TEMPERATURE

DISSOLVED OXYGEN

D.O. SATURATION

CU.M/MIN MEAN
MAXIMUM
MINIMUM

UG/L MEAN
MAXIMUM
MINIMUM

UG/L MEAN
MAXIMUM
MINIMUM

MG/L MEAN
MAXIMUM
MINIMUM

MG/L MEAN
MAXIMUM
MINIMUM

MG/L MEAN
MAXIMUM
MINIMUM

NONE MEAN
MAXIMUM
MINIMUM

CELSIUS MAXIMUM
MINIMUM

MG/L MEAN
MAXIMUM
MINIMUM

% MEAN
MAXIMUM
MINIMUM

19.3
52.7
6.8

52
240
10

14
35
10

0.04
0.10
0.01

0.22
1.96
0.01

0.64
1.20
0.35

58.4
161.8
6.7

23.8
-1.1

3.7
10.3
0.4

33.3
82.1
4.3

1.0
3.2
0.3

119
700
10

44
265
10

0.14
0.74
0.02

4.32
8.36
0.06

0.87
2.28
0.06

336.1
1134.5

19.3

14.9
0.5

9.6
11.8
8.1

84.8
104.3
65.1

9.3
31.8
0.6

38
85
10

13
30
10

0.04
0.10
0.01

0.34
1.07
0.02

0.56
1.60
0.21

90.4
325.6
16.8

20.1
-0.3

7.9
12.6
3.6

71.2
96.6
37.4

2.2
5.1
0.5

30
60
10

11
20
10

0.03
0.10
0.01

0.08
0.50
0.01

0.45
0.83
0.17

48.3
86.5
8.6

22.0
-1.0

4.0
10.6
0.9

35.1
74.1
10.0

35
80
10

11
23
10

0.07
0.56
0.01

0.11
0.50
0.01

0.57
1.03
0.23

54.3
137.2
14.9

26.2
-1.0

9.0
10.8
6.7

68.1
108.6
57.2

44
75
20

14
35
10

0.14
0.74

0

0.17
0.63
0.01

0.69
2.10
0.20

52.9
123.3
11-7

20.1
11.5

3.5
9.5
0.3

35.3
89.0
3.2

99
300
10

52
290
10

0.56
1.70
0.03

0.09
0.24
0.01

1.02
2.30
0.23

44.3
144.0
6.6

12.2
2.5

1.4
6.2
0

11-3
53.8

0

22.4
77.3
2.5

35
60
10

17
64
10

0.04
0.10
0.01

0.07
0.23
0.01

0.51
0.99
0.08

62.3
196". 6
3.4

26.0
0

7.9
10.6
5.0

77,2
102.4
34.2



TABLE 3 (CONTINUED)

TOTAL SUSPENDED SOLIDS MG/L

TOTAL DISSOLVED SOLIDS MG/L

CONDUCTIVITY UMHOS/CM

PH S.U.

TOTAL ALKALINITY MG/L

CHLORIDE MG/L

FECAL COLIFORM N/100ML

FECAL STREPTOCOCCI N/100ML

FCtFS RATIO NONE

CHLOROPHYLL A UG/L

SECCHI DISK TRANSPARENCY METERS

MEAN
MAXIMUM
HINIWUM

MEAN
HMUWm
MINIMUM

MEAN
MAXIMUM
MINIMUM

MAXIMUM
MINIMUM

MEAN
MAXIMUM
MINIMUM

MEAN
MAXIMUM
MINIMUM

MEAN"
MAXIMUM
MINIMUM

MEAN*
MAXIMUM
MINIMUM

MEAN
MAXIMUM
MINIMUM

MEAN
MAXIMUM
MINIMUM

MEAN
MAXIMUM
MINIMUM

2.9
11.0
0.4

192
2&1
56

370
500
270

6.9
6.1

35
64
22

69
91
60

3
60
0

32
576
0

0,2
1.5
0

4.0
13.0
0.4

173
228
120

265
330
198

6.9
6.6

24
32
19

28
38
20

17
1280

0

119
3600

0

0.2
1.2
0

3.3
14.0
0.4

123
152
68

230
280
200

7.0
6.5

22
32
17

32
44
26

5
470
0

56
2090

0

0.1
0.4
0

2.5
7.2
0.4

85
149
57

121
172
93

6.7
5.7

20
27
14

11
32
5

6
442
0

65
4600

0

0,1
1.0
0

3.0
11.0
0.4

142
191
41

275
340
127

7.6
6.1

23
32
3

44
54
19

3
160
0

9
5495

0

0.4
1.8
0

16,90
33.00
2.70

1.8
2.9
1.1

4.3
9.6
0.8

147
171
63

289
325
260

7.0
6.8

30
45
22

54
82
44

5.4
22.0
1.2

154
191
83

304
390
260

7.1
6.6

34
59
22

50
60
43

2.5
7.6
0.4

145
172
104

290
380
248

7.5
6.6

26
32
21

51
78
44

6
80
0

22
650
0

0.3
1.0
0

* GEOMETRIC MEAN APPLIED INSTEAD OF ARITHMETIC MEAN



38 ug/1, respectively. Individual values of less than 10 ug/1
were recorded at all inletsr and maximum values in excess of 200
ug/1 were observed for Beaver and Slick Brooks.

In the pond itself the range ,of recorded total phosphorus
values was 10 ug/1 to 300 ug/1, with epilimnetic, metalimnetic,
and hypolimnetic means of 35, 44, and 99 ug/1, respectively.
Values at the bottom of the pond were consistently higher than
those at the surface. Total phosphorus concentration at the
outlet was very similar to that at the in-lake surface location
(Table 3).

Orthophosphorus was also assessed to facilitate evaluation
of phosphorus availability to planktonic plants (algae).
Observed values were considerably lower than cbrresponding total
phosphorus values in most cases. Slick Brook and the bottom of
Forge Pond exhibited orthophosphorus means of 44 and 52 ug/1,
respectively, while all other stations had means less than 20
ug/1 (Table 3).

Since some phosphorus can be scavenged from particulate
matter, the biologically available phosphorus fraction is
probably somewhat larger than the orthophosphorus portion.
Additionally, available phosphorus may be cycled rapidly. At
least moderate fertility is suggested by the phosphorus data
collected in this study. If the highly available phosphorus in
the hypolimnion is passed to the epilimnion in an available form,
algal production should be quite high, unless some other factor
is limiting growth.

Nitrogen is another important plant nutrient, and occurs in
three major forms in aquatic systems: ammonia, nitrate, and
organic compounds. Ammonia and nitrate can be measured directly,
while the organic nitrogen is assessed as the difference between
total Kjeldahl nitrogen (a digestion-based test result) and
ammonia nitrogen. Ammonia and nitrate are readily available for
uptake by plants, and the former can be toxic to most animals,
depending on the temperature, pH, and dissolved solids level.
Nitrate can be toxic to humans at concentrations above 10 mg/1.
Nitrogen inputs to aquatic systems are very difficult to control
as a consequence of high nitrogen concentration in the atmosphere
and the high mobility of nitrate in soil.

Ammonia is rapidly converted to nitrite and then nitrate in
the presence of oxygen by naturally occurring bacteria, but the
lack of oxygen during summer in the deep parts of Forge Pond
promotes the build-up of ammonia through decay processes.
Considering the other pertinent aspects of water chemistry in
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Forge Pond, there is an ammonia toxicity problem in the summer
anoxic zone, but the lack of oxygen there precludes the presence
of potentially affected animal life anyway.

Nitrate nitrogen was found at concentrations ranging from
0.01 to 8.36 mg/1, but only Slick Brook (Station F-2, Table 3)
and Carmichael Swamp Brook (Station F-3) exhibited mean values
higher than 0.30 mg/1 (an unofficial standard for an acceptable
concentration when low algal density is desired). The mean at
Station F-3 was a slightly inflated 0,34 mg/1, but at Station F-2
the average nitrate nitrogen concentration was 4.32 mg/1.
Individual high values were detected in Beaver Brook as well.

Slick Brook originates from small springs on the Mathieson
farm, and is believed to be influenced by fertilization of corn
fields with commercial fertilizers, manure, and sludge from the
New England Apple Products processing plant. Neighboring
residential areas which are not in the postulated path of ground
water flow from the farm also have exhibited high nitrate values
in the ground water below them (Danos pers. comm.), complicating
this interpretation. Past agricultural activities, especially
involving numerous bean farms, may have left a legacy of high
nitrate levels.

Total Kjeldahl nitrogen (TKN) exhibited mean values ranging
from 0.45 to 1.02 mg/1 (Table 3). The highest mean value was
recorded for the bottom waters of Forge Pond, where the ammonia
concentration is substantial. The total Kjeldahl nitrogen level
was indicative of organic nitrogen content at the other stations,
and suggested moderate quantities of suspended organic matter.

The nitrogen:phosphorus ratio, calculated as [(TKN + nitrate
nitrogen)/total phosphorus]x2.21, indicated phosphorus to be in
relatively shorter supply than nitrogen at all stations nearly
all of the time. This is typical of aquatic systems not directly
receiving sewage wastes or extensive agricultural runoff, and
suggests that phosphorus would be a more appropriate target for
control than nitrogen. The ratio does not prove that phosphorus
is the limiting factor for growth in the system, however, as
other influences such as light and micronutrients have not been
considered. Yet in most cases it is easier to create a
phosphorus limitation than to attempt to control the other
possible influences.

The temperature of water at the sampled stations
demonstrated a typical temperate zone seasonal pattern of
variation. The surface of Forge Pond freezes during the winter,
with ice cover up to a meter thick. Beaver Brook also freezes
over, but all four regularly sampled inlets continue to flow.
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The summer temperature of Slick Brook reflects the influence of
ground water, while the relatively cold bottom'waters of Forge
Pond result from stratification.

Dissolved oxygen levels varied appreciably over time and
space, with numerous low values recorded (Table 3). Beaver Brook
is influenced by ground water and decay processes in adjacent
wetlands, and exhibits a mean dissolved oxygen concentration of
only 3.7 mg/1. The Beaver Brook inlet was nearly anoxic during
much of the summer. Despite the high nutrient concentrations in
Slick Brook, this stream exhibited relatively high oxygen levels.
Gilson Brook experienced some depression of oxygen level, but not
to the extremes observed elsewhere. The mean dissolved oxygen
level at the Camuchael Swamp Brook inlet was only 4.0 mg/1.

In Forge Pond itself the vertical distribution of oxygen is
quite striking (Table 3, Figures 10-13). Oxygen levels at the
surface are routinely the highest in the pond, resulting from
considerable wind and wave action. Dissolved oxygen
concentrations decline with increasing depth, however, and
approach zero at the bottom of the pond during most of the year.
Summer stratification is established by early June, and the
hypolimnion rapidly loses its oxygen. The dissolved oxygen
concentration below the 5 m depth mark is negligible during
stratification, with values declining rapidly in the 2 m thick
metalimnion (transitional water layer).

Thermal stratification separates a lower layer of water from
the surface layer, eliminating atmospheric inputs of oxygen to
the lower layer (hypolimnion). The hypolimnion is rather dark,
so there is little oxygen generated by photosynthesis. Decay
processes continue to consume oxygen in the hypolimnion, however,
resulting in a decline in oxygen concentration. If the oxygen
demand is greater than the supply, the oxygen reserves may be
depleted and anoxia occurs. Chemical reactions can occur in the
absence of oxygen that release phosphorus from the sediment into
the water column. Hypolimnetic anoxia is therefore a problem in
terms of supporting aquatic life and controlling system
fertility.

During this study the pond did not mix thoroughly until
sometime in October. In December there was a distinct reduction
in dissolved oxygen near the pond bottom, and during the winter
months of ice cover the oxygen deficit grew. Benthic oxygen
demand appears to be great (Technical Appendix) throughout the
year. As there was little thermal stratification and oxygen
input under the ice, the entire water column suffered a
depression of oxygen level. By mid-March the oxygen
concentration was less than 4.0 mg/1 below a depth of 2 m and
less than 2.0 mg/1 below a depth of 5 m. As the ice cover
occupied the top meter of the pond, most fish species would have
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FIGURE 10
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FIGURE 11
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FIGURE 12
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FIGURE 13
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had to concentrate in a 1 to 4 m thick layer of water to survive.
Spring mixing upon ice-out increased the oxygen concentration
appreciably, but at the termination of sampling the bottom of the
pond still exhibited a relatively low oxygen level.

The amount of oxygen that will dissolve in water is dependent
on temperature, dissolved substances, and atmospheric pressure.
The relation of the actual oxygen level to the maximum possible
concentration is termed the percent saturation/ and reveals much
about the processes at work in a given system. In the Forge Pond
system saturation was seldom achieved. Well mixed surface waters
in the pond occasionally experienced slight supersaturation, but
all mean values were below the 90% saturation level. Beaver
Brook and Carmichael Swamp Brook waters were less than 40% oxygen
saturated on average, and the mean percent saturation for bottom
waters in the pond was only 11.3%. A considerable oxygen demand,
probably associated with the decay of abundant organic matter, is
present throughout the system. Only where oxygen inputs are
large and continuous is oxygen depression avoided.

Total suspended solids values had means ranging from 2.5 to
5.4 mg/1, suggesting moderate quantities of suspended matter.
Total dissolved solids and conductivity, both measures of
dissolved substances and system fertility, were moderate to high
(Table 3). Low fertility is often indicated by dissolved solids
values less than 70 mg/1 or conductivity of less than 100
umhos/cm. Only a few individual values in the Forge Pond system
approached these levels; most were considerably higher.

Alkalinity values were moderate at all stations; mean values
(Table 3) were all greater than 20 mg/1. The pH of surface
waters throughout the system ranged from 5.7 to 7.6 standard
units, but most values were between 6.7 and 7.0 (very slightly
acid to neutral). Area soils and decay processes tend to reduce
the pH of associated waters, but photosynthetic activity by
abundant plants cancels this effect by temporally raising the pH.
Carmichael Swamp Brook provided the most acidic water, while the
pH of the algae-laden surface waters of Forge Pond was the
highest in the system. In the absence of a substantial plant
biomass, the pH would probably be detectably lower in the pond
than it is presently.

Inland freshwater systems which are minimally disturbed by
man are expected to exhibit chloride concentrations of less than
10 mg/1. Wastewater disposal and road salting operations are two
common man-induced causes of elevated chloride levels. Mean
chloride levels in the Forge Pond system ranged from 11 mg/1 in
Carmichael Swamp Brook to 69 mg/1 in Beaver Brook (Table 3). In-
lake means ranged from 44 to 54 mg/1, clearly indicating man's
influence on water quality.
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Four other stations were routinely investigated on regular
sampling trips, but flow was rarely observed. An intermittant
tributary draining a recently developed residential area just
south of the pond (Greeneedles Road and vicinity) was sampled on
five occasions. The pH and dissolved oxygen values at this
station (F-7, Figure 3) were generally low, and the total
phosphorus and organic nitrogen levels were usually high
(Technical Appendix). Another intermittant tributary, located
near the west cove of Forge Pond (F-8, Figure 3), was sampled
twice. No water quality problems were detected.

The other two stations were small (<0.3 m diameter) storm
drains, one located at each of the Matawanakee Lake Association
beaches (F-9 and F-10, Figure 3). Each drains a small area of
roads in the Matawanakee development, and flow was observed on
only one sampling trip. Aside from high phosphorus values, no
water quality problems were detected (Technical Appendix).

In April of 1986, a cooperative tributary sampling was
conducted by BEC, Inc. and Littleton Light and Water Company
(LL&W). Stations on Beaver Brook, Gilson/Bennett1s Brook, and
Veryfine Brook were sampled (Figure 3), representing a subset of
the complete set of stations sampled seasonally by LL&W. A
distinct increase in phosphorus concentration and decrease in
dissolved oxygen level were noted downstream of Mill Pond, below
the confluence of Beaver Brook and Veryfine Brook (Technical
Appendix). Water quality in Veryfine Brook changed markedly
between Stations VF-2 and VF-3, with noticable increases in
phosphorus and nitrogen forms, conductivity, temperature, and
flow. The oxygen level declined precipitously. The New England
Apple Products (Veryfine) processing plant discharges its
effluent into Veryfine Brook between these stations. Water
quality in Gil son Brook was relatively constant and acceptable
for most uses.

Domestic wells within the Forge Pond watershed were sampled
in an effort to make a preliminary assessment of ground water
quality, particularly near the pond. A total of 21 wells were
sampled, some in summer and some in spring. Noteworthy results
included a mean nitrate nitrogen level of 1.76 mg/1, a mean total
phosphorus concentration of 38 ug/1, pH values as high as 7.4, a
mean conductivity of 315 umhos/cm, and an average chloride value
of 40 mg/1 (Technical Appendix). Substantial contamination of
ground water is indicated, most likely through agricultural •
activities and on-site wastewater disposal.

The ground water found in some wells was potentially
unsuitable for drinking, although very few violations of health
standards for potable water were detected. Bacterial

[ contamination did not appear to be a problem, but high levels of
:l nitrates and dissolved solids/conductivity were sometimes
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encountered. Contamination by past farming operations or more
recent wastewater disposal practices is suspected. The isolated
nature of most problem wells suggests that the latter source of
contamination is more likely the cause of observed conditions.
The highest levels of contaminants were found in wells near Forge
Pond, at the bottom of slopes upon which residential dwellings
had been built.

An effort was made to detect any dissolved substance input
"hot spots" along the shoreline of Forge Pond through a
conductivity survey. While slight increases in conductivity were
noted at specific shoreline locations, the only distinct increase
occurred in the vicinity of the Beaver Brook inlet (Figure 14).
There is a new residence on the peninsula there, but it seems
more likely that the elevated conductivity in that area is
related to inputs from Beaver Brook. The slight increases
observed elsewhere cannot be taken as conclusive proof of input
plumes. Conductivity in the center of the pond at the time of
the survey was 295 umhos/cm, similar to or slightly less than
most values observed around the perimeter

Bacteria
Fecal coliform (FC) and fecal streptococci (FS) bacteria

were assessed during this study (Table 3). These bacteria come
from the digestive system of all warm-blooded animals, human and
non-human, and do not in themselves represent a serious health
threat. However, as they are often accompanied by other
pathogens, they are considered indicators of a potential health
hazard if present in substantial quantities. Few FC values
obtained during this study were in excess of the Massachusetts
standards for contact recreation, which are 200/lOOml for
multiple sample geometric means and 400/lOOml for single samples.
No in-lake values exceeded these standards. Geometric mean
values ranged from 3 to 17 fecal coliform per 100 ml of sample.

Values for FS were generally higher than those obtained for
FC, but there are no bathing standards for FS. Geometric mean FS
values ranged from 9 to 119 fecal streptococci per 100 ml of
sample. The lowest mean values were associated with the in-lake
and outlet stations.

FC:FS ratios may give some indication of the origin of
observed bacteria, as ratios associated with human derived
bacterial assemblages are considerably higher than those
associated with non-human sources. The obtained FC:FS ratios
(Table 3) strongly suggest non-human origin for observed fecal
bacteria, although the maximum values obtained indicate a
potential for a mixture of human and non-human sources. The
temporal and spatial patterns of FC and FS values and their ratio
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FIGURE 14

Shoreline Conductivity

(umhos/cm) in Forge Pond,

Westford/Littleton on
July 31,1985
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suggests that large populations of birds associated with upland
habitats and wetlands during all but the winter season may be
responsible.

Phytoplankton
Phytoplankton, or algae suspended in the water column, are

an important link in aquatic food webs, but may also be
responsible for reduced water clarity and detectable color, odor,
and taste in lakes. One useful measure of phytoplankton quantity
is chlorophyll js, a pigment used in photosynthesis. It is the
same pigment that makes grass and leaves green. Chlorophyll a_
usually represents 0.5 to 2% of the total phytoplankton biomass
and has been correlated with production and standing crop at
various levels of the food web, water clarity, and phosphorus
concentration (e.g., Jones and Bachmann 1976, Oglesby and
Schaffner 1978, Hanson and Leggett 1982, Vollenweider 1982).

Measured chlorophyll levels in Forge Pond ranged from 2.7 to
33 ug/1, with a mean of 16.9 ug/1. Based on equations which
relate chlorophyll concentration to phosphorus levels, a mean of
14.6 to 17.2 ug/1 would be expected in Forge Pond (Jones and
Bachmann 1976, Oglesby and .Schaffner 1978). Observed chlorophyll
concentrations are generally moderate, but are sufficient to give
the water a detectable color during much of the summer.

Chlorophyll and non-living suspended solids are important
determinants of water clarity. Secchi disk transparency, a
measure of water clarity, ranged from 1.1 to 2.9 m in Forge Pond,
with a mean of 1.8 m. As the state standard for Secchi disk
transparency in waters used for contact recreation is just over
1.2 m (4 ft). Forge Pond is pushing the limit during much of the
swimming season. Assuming chlorophyll to be the principal factor
determining water clarity, mean Secchi disk transparency is
predicted to be between 1.6 and 2.2 m (Oglesby and Schaffner
1978, Vollenweider 1982).

Chlorophyll concentrations are consistent with predictions
based on phosphorus levels, and water clarity appears to be a
function of chlorophyll content in Forge Pond. Management of
phosphorus is therefore likely to translate into management of
water clarity, although it is not the only way to achieve
acceptable water clarity.

Phytoplankton composition varies over time and includes
representative taxa from seven major algal divisions. Diatoms,
cryptophytes, and chrysophytes are the dominant components of the
phytoplankton assemblages present during late fall, winter, and
spring (Figures 15 and 16). Cyanophytes (bluegreen algae or
cyanobacteria) are most abundant by cell count and biomass during
the summer and into the fall. Species of Anabaena were the most
abundant bluegreen algae. Surface scums and related nuisance
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FIGURE 15
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conditions can be caused by these algae, ,but such problems are
rare in Forge Pond. Turbulence induced by wind and motorboats
generally prevents the formation of surface scums. Water clarity
is maximized by the mixing of floating filaments in a greater
volume of water than might be expected under calm conditions.

Macrophytes
The areal extent of benthic coverage by aquatic macrophytes

is shown in Figure 17. Vascular plants are distributed
peripherally, reaching maximum densities and percent cover in the
south, east, and west coves, and along the northwest shore.
Patches of lesser coverage within these areas correspond to
managed beach areas. At around 3 m of water depth the vascular
plant cover abruptly thins out, giving way to algal mats at the
water-pond bottom interface. At depths below 5 m there is
virtually no plant cover of any kind, probably as a consequence
of light limitations and seasonal anoxia.

Considering the pattern of macrophyte cover in Forge Pond,
macrophytes are not overabundant from an ecological viewpoint.
Habitat features and the areal extent of cover are quite suitable
for a productive, high quality fishery. The problem with the
macrophytes is their spatial distribution; comparison of Figure
17 with the beach and boat ramp locations shown in Figure 4
reveals considerable overlap between densely vegetated areas and
sites of organiaed recreation. Macrophyte densities averaged
around 300 g/sq»m (dry weight) in areas with the greatest percent
cover.

No less than 26 species of vascular plants were identified
in Forge Pond during this study. Particularly abundant were
Cabomba, species of Potamoqeton, and Nymphaea. Also common were
various emergent forms (e.g., Peltandra, Pontederia, Scirpus, and
Typha), two floating species (Lemna and Wo1fia), and the
submerged Ceratophyllum and Najas. The distribution of
macrophyte taxa in Forge Pond is presented in Figure 18. Depth-
induced zonation of aguatic vegetation was observed, although the
pattern varied somewhat among major coves (Figure 19).

Zooplankton

The zooplankton of Forge Pond consisted of rotifers,
copepods, and cladocera at low to moderate densities (Technical
Appendix). Both calanoid and cyclopoid copepods were present,
and small bodied daphnids were observed. Densities for almost
all taxa declined from spring maxima through the summer, fall and
winter. Declines are most likely related to fish predation, food
resources, and chemical conditions in the pond.

Despite declines in abundance and biomass, the zooplankton
community was indicative of a fairly healthy fishery. The
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FIGURE 17
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FIGURE 18
DISTRIBUTION OF AQUATIC MKROPHYTE TAXA IN FORGE POND, WESTFQRD / LITTLETON

Boat
Beach Launch

U Utricularia
J Juncus sp.
C Cabcmba caroliniana
Ps Potamogeton crispus
Pa Potamogeton amplifolius
Cd Certophyllun donersum
Pr Potanogeton richardsonii
Nf Najas flexilis
EC Elodea canadensis
Va Vallisneria americana
PC Pontederia cordata
S Scirpus sp.
Dv Decodon verticillatus
L Lythrum sp.
Nu Nurhar sp.

Nuphar microphyllura
Pt Peltandra sp.
Px Potamogeton foliosus
Pg Potamogeton graminea
T rTypha angustafolia
ITypha latifolia

No Nym̂ iaea odorata
Bs Brasenia schreberi
Cy Filamentous Cyanophytes
G Filamentous Chlorophytes
Lu Ludwigia
Lm Lenina minor
Wo Wolfia
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FIGURE 19
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distribution of zooplankton lengths (Figure 20) exhibited
considerable range and a moderate mean for all four samplings.
The size distribution of the fish community is often reflected by
the zooplankton -length distribution (Mills and Schiavone 1982),
and that of Forge Pond appears desirable.

Macroinvertebrates
Virtually no macroinvertebrates were detected below the

thermocline in Forge Pond; the lack of oxygen and severe reducing
conditions encountered there are apparently sufficient to exclude
even the most tolerant benthic forms. In shallower water and
particularly among macrophytes there was a wealth of
macroinvertebrates. Densities were not quantitatively assessed,
but were considered moderate by inspection.

Macroinvertebrates encountered above the.thermocline
included snails (Limneidae, Planorbidae)), clams (Sphaeriidae,
Unionidae), amphipods (Gammaridae), backswimmers (Notonectidae,
Corixidae), damselfly and dragonfly larvae (Odonata), mayfly
larvae (Baetidae), water striders (Gerridae), whirligig beetles
(Gyrinnidae), midge fly larvae (Chironomidae), leeches
(Hirudinea), and freshwater bryozoans (Pectinatella). High
diversity was attributed to the variety of substrate and plant
types which comprised the suite of habitats available. An
adequate food resource base for a productive warm water fishery
is indicated.

Fish
The Massachusetts Division of Fisheries and Wildlife has

surveyed Forge Pond on four occasions over the last 75 years. In
1911 the shoreline was listed as completely wooded and the
peripheral bottom was described as hard mud/ sand, and cobble.
The water was clear at the end of July, and the pond was
thermally stratified. Unfortunately, no oxygen measurements were
made. Many small fish were seen near the mouth of Beaver Brook,
and bullheads, pickerel, yellow perch and bass were listed as the
primary pond species. An addendum to the report notes the
stocking of white perch and bullheads in 1912, 1914, and 1915.

There was a brief controversy in the 1920's regarding the
potential for Forge Pond to support a cold water (trout) fishery.
The habitat was believed to be more suitable for warm water
species, which is certainly the case today. A 1945 survey
reported no suitable trout water in Forge Pond, suggesting that
the hypolimnion was anoxic even then.

The 1945 report indicated the suitability of Forge Pond for
pickerel and smallmouth bass. Excessive populations of perch,
sunfish, and bullheads were noted. A number of physical and
regulatory management actions were proposed, most of which were
implemented. Smallmouth bass were stocked for several years in
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great numbers. Deteriorating conditions were noted in the pond
in the report from the 1959 survey, with respect to water
quality, algal blooms, and macrophyte growths. Largemouth bass
were found to be most abundant, despite the absence of any
reported stockings of that species.

Largemouth bass remains the primary game species in Forge
Pond, according to the 1979 MDFW survey. Growth rates for both
largemouth and smallmouth bass are above average. Chain pickerel
are still moderately abundant, but are generally small. White
perch is the second most abundant fish species in the pond, but •
the growth and reproduction of this species are erratic.
Bullhead and golden shiner populations appear stable. Large
populations of yellow perch and sunfish exhibit declining growth
rates, suggesting possible overpopulation. A reduction in
macrophyte cover has been recommended by the MDFW, along with
greater harvest of panfish.

Fishing is generally considered to be good in Forge Pond,
both in terms of the number of fish caught and the potential for
catching large bass. Mortality due to fishing is moderate,
mainly as a consequence of limited access for fishermen. While
limited access is viewed by most state agencies as a recreational
shortcoming, it may be the reason for sustained good fishing in
Forge Pond. Substantial stocking programs are needed to maintain
the popular fisheries on many Massachusetts lakes with greater
access, and mortality resulting from fishing approaches 90% per
year for legal sized fish in those lakes.

Trout are stocked in Beaver Brook annually in the spring,
and some do find their way to Forge Pond. Only a small holdover
population is likely, however, considering the thermal and oxygen
stress placed upon these fish during summer. Trout are less
tolerant of high temperature and low oxygen than most warm water
species. No other stocking of fish has been reported for the
watershed of Forge Pond in recent years.

Fish kills have been reported in the pond during the spring
of many recent years. While some mortality is typically
associated with this period of temperature change and spawning
activity, it appears likely that oxygen and/or ammonia related
stress contributes to observed mortality. No conclusive proof
can be offered at this time, but the winter anoxia represents a
serious threat to the valuable fishery of Forge Pond.

Sediment Analysis
The depth of soft sediments was mapped (Figure 21) and the

composition of the underlying hard stratum was determined
wherever possible (Figure 22). Near the shore there is only a
thin covering of organic or sandy soft sediment, which is
underlain by sand and/or gravel. The depth of the soft sediment
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FIGURE 21
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increases with distance from shore, and the underlayment becomes
mainly gravel and cobble. As the center of the pond is
approached the muck layer becomes too thick to penetrate without
special equipment; the underlayment in this area is therefore
unknown, although gravel and cobble are likely to be present.

Sediment cores taken from the deep hole area exhibited no
discernible layers. Sediment in this area was composed of a
black muck, indicative of incomplete oxidation of accumulated
organic matter. Sediment cores taken in the east and west coves
exhibited a surface layer of black muck underlain by other layers
of varying composition (Figure 23).

Analysis of a sediment sample collected from the deep hole
area (Table 4) revealed a highly organic matrix containing large
quantities of iron and manganese. The USGS (1977) flag limits
for sediment contaminants were not exceeded by any parameter
value, and most parameter values met the MDWPC (1979) criteria
for Category I sediment. The cadmium and zinc concentrations
were in the Category II range, however, and the level of arsenic
placed the sediment in Category III. High organic content
(volatile solids) placed the sediment in the Type C
classification for physical characteristics.

Questionnaire Survey
Responses to a questionnaire sent to watershed residents

were helpful in evaluating the preferences and practices of
residents and potential pond users. Over 100 responses were
received (41% rate of return). The majority of respondents used
the pond on a weekly basis, presumably on the weekends (Table 5).
Swimming was the first choice activity of 71% of the respondents.
Many forms of boating, fishing, and skating were also popular
recreational pursuits involving Forge Pond. Other uses included
bird watching, winter hiking and snowmobiling, and aesthetic
enjoyment.

Most respondents listed themselves as year-round residents
(91%); aside from the construction of new homes, there has been
widespread conversion of summer cottages into all year dwellings.
The remaining seasonal residences are mainly waterfront cottages
of considerable age. The mean size of households is 2.9 people,
with a range of 1 to 6 persons per dwelling.

This distance of respondents' properties from the lake was
fairly evenly distributed over the intervals chosen for
tabulation (Table 5), with almost one-quarter of the properties
within 50 ft of the pond. On-site wells provided drinking water
to 84% of the properties (mostly in Littleton), and 12% were
supplied with water by a municipal pipeline (mostly in Westford).
Bottled water was used for potable purposes at the remaining
residences. Washing water was obtained from on-site wells at 88%
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FIGURE 23
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TABLE 4

CHEMICAL CHARACTERISTICS OF FORGE POND SEDIMENT
COLLECTED ON AUGUST 1, 1985

Parameter Value at Station F-5

Arsenic (mg/kg)

Cadmium (mg/kg)

Chromium (mg/kg)

Copper (mg/kg)

Iron (mg/kg)

Manganese (mg/kg)

Lead (mg/kg)

Mercury(mg/kg)

Nickel (mg/kg)

Vanadium (mg/kg)

Zinc

Sodium (mg/kg)

Oil & Grease (mg/kg)

TKN (mg/kg)

Total Volatile Solids (%)

Phosphorus, Total (mg/kg)

Nitrate-Nitrogen (mg/kg)

PCB's (mg/kg)

64

5.6

22

39

10960

444

83

<0.11

44

69

202

111

831

3630

30.7

47.90

37

<0.3
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TABLE 5

SUMMARY OF QUESTIONNAIRE RESPONSES IN THE FORGE POND STUDY AREA

I responding 102
% responding 41%

Pond usage rate
Daily 12%
Weekly . 55%
Monthly or less 33%

Preferred activities
First choice

Swimming 71%
Sailing/boating/skiing 18%
Fishing 7%
Skating 2%
Other 2%

Second choice
Swimming 18%
Sailing/boating/skiing 60%
Fishing 14%
Skating 6%
Other 2%

Third choice
Swimming 8%
Sailing/boating/skiing 23%
Fishing 36%
Skating 23%
Other 10%

Persons/household
Mean 2.9
Range • 1-6

Residency (months/yr)
9-12 91%
6-9 3%
3-6 1%
<3 5%
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TABLE 5 (continued)

Property distance from lake (ft)
>1000 21%
500-1000 10%
250-500 22%
100-250 14%
50-100 10%
<50 23%

Drinking water source
On-site well 84%
Municipal pipeline 12%
Lake 0%
Bottled 4%
Other 0%

Washing water source
On-site well 88%
Municipal pipeline 12%
Lake 0%
Bottled 0%
Other 0%

Waste disposal system
Cesspool 19%
Tank and leachfield 80%
Chemical or composting toilet 0%
Municipal sewer line 0%
Other 1%

On-site disposal system
Age (yrs)

Mean 16
Range 1-50

Distance from lake (ft)
>1000 21%
500-1000 12%
250-500 27%
100-250 23%
50-100 12%
<50 5%

Years since last inspection/pumping
>5 27%
3-5 9%
1-3 41%
<1 23%
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TABLE 5 (continued)

On-site wells
Depth (ft)

>100 51%
50-100 18%
20-50 22%
<20 9%

Distance from lake
>1000 24%
500-1000 15%
250-500 19%
100-250 10%
50-100 16%
<50 16%

Years since last testing
>5 48%
3-5 12%
1-3 32%
<1 8%

Well location relative to waste
disposal system

Upslope 37%
Downslope 29%
Equal elevation 34%

Distance from upslope disposal
system from well

>100 52%
50-100 35%
25-50 10%
<25 3%

Phosphate fertilizer used on lawn 64%

Washing machine used 88%

Garbage disposal used 13%

Phosphate detergent used
Clothes 69%
Dishes 44%
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of the properties, with the remaining residences supplied by
municipal pipeline.

Most homes (80%) were equipped with tank and leachfield
systems for wastewater disposal. Nearly all other houses had
cesspools, including most of the summer cottages near the lake.
Not too many residences had their wastewater disposal systems
within 50 ft of Forge Pond, but otherwise the distance between
disposal systems and the pond were fairly evenly distributed over
the intervals chosen for tabulation. The mean age of disposal
systems was 16 years, with a range of 1 to 50 years. About 64%
of the respondents had their disposal systems
inspected/maintained within the last 3 years, and only 27% had
not done so for at least 5 years.

Most wells within the survey area are deep; 51% are more
than 100 ft deep, and another 18% are between 50 and 100 ft deep.
Only 9% of the wells are less than 20 ft deep. The distance
between Forge Pond and the respondents' wells is again fairly
evenly distributed among the intervals used to tabulate the data
(Table 5). Almost half of these wells had not been tested for
water quality within the last 5 years, and only 8% were tested in
the last year. Approximately even numbers of wells were upslope,
downslope, or at an equal elevation with the corresponding
wastewater disposal system. Some contamination problems could
result, although 52% of the downslope wells are more than 100 ft
from the- disposal system and another 35% are at least 50 ft from
the disposal system.

A majority of respondents use phosphate fertilizer on their
lawns (64%) and phosphate detergents to wash their clothes (61%,
or 69% of the 88% with washing machines). Only 13% of all
respondents have garbage grinders, and 44% use phosphate dish
detergents. The potential relationship between residential
practices and the nutrient enrichment of Forge Pond is apparently
not clear to most area residents.

Comparison with Other Studies
Samples collected by Littleton Light and Water Company

during a cooperative sampling effort with EEC, Inc. revealed no
hazardous levels of metals, organic compounds, or routine
parameters (e.g., sulfates, chloride, TDS). Nitrate values were
similar although not identical to the corresponding values
obtained by EEC, Inc. through Arnold Greene Testing Laboratories.
The abrupt change in water quality between Stations VF-2 and VF-
3, above and below the New England Apple Products plant, was
evident in the LL&W data as well as that collected by BECf Inc.

Similar data collected by LL&W on a seasonal basis over the
last few years indicate only rare violations of any drinking
water standards at the Beaver Brook, Veryfine Brook, and
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Gilson/Bennett1s Brook stations sampled (data available from
LL&W). Depressed dissolved oxygen values have been noted in
Beaver Brook as far upstream as the Boxborough-Littleton border,
however. Man's influence on water quality is evident, but most
well fields used for public water supply have not been
substantially contaminated. There is no evidence of pollution of
Gilson Brook by the Littleton landfill, but a number of
undetermined sources of contaminants have been suggested by the
data for various parts of the entire Forge Pond watershed.

Data available from New England Apple Products1 own
monitoring program indicate a mean total phosphorus concentration
of just over 2 mg/1 in the discharge to Veryfine Brook. Nitrogen
is discharged at a concentration of slightly more than 3 mg/1,
but the chemical quality of the discharge appears to be highly
variable over time. Between 250,000 and 350,000 gpd (0.39 to
0.55 cfs, or 0.66 to 0.92 cu.m/min) are discharged into the
brook, with the highest discharge occurring in October, just
after harvest time. Sludge which accumulates in the plant's
treatment system is applied to area farm fields as fertilizer.
The nitrogen content of the sludge approaches 15,000 mg/kg, and
the phosphorus level is close to 5,500 mg/kg.

A discharge permit was never issued to the New England Apple
Products plant under the NPDES program, despite application by
the company for such a permit. Recent consideration of the
situation has resulted in the issuance of a proposed set of
effluent limitations by the MDWPC. After appropriate discussion
and negotiation, a permit will be issued with an approved set of
effluent limitations. An upgrading of the current treatment
facility or cessation of the current discharge will probably be
necessary to meet the permit requirements.

A ground water protection plan was developed for Littleton
by Metcalf and Eddy along with Philip B. Herr & Associates in
1981. Most important data were plotted on a series of working
maps, many of which have been acquired by LL&W. The whereabouts
of one of the most valuable maps, that depicting ground water
flow paths in the Littleton portion of the Forge Pond watershed,
are unknown, however. Sketchy discussion in the report text
suggests a generally northeast path of ground water flow, with
deviations primarily associated with ground water capture by area
streams. These streams then flow in a northeasterly direction.

Land use and related maps were constructed as part of the
M&E/Herr study, and these were reviewed by BEC, Inc during the
preparation of our own maps. A review of existing ground water
and surface water data suggested very few violations of drinking
water standards, but this does not mean that the quality of water
entering Forge Pond was necessarily acceptable in terms of
nutrient loading and oxygen demand. Elevated nitrate and
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conductivity levels were detected in some well and stream
samples; phosphorus analyses were not performed.

The depth to ground water in Littleton was found to be
almost always less than 20 ft and often less than 10 ft from the
land surface. Based on the geologic, hydrologic, and water
quality investigations performed, a series of bylaws were
developed to aid protection of the ground water supply. Included
were bylaws to regulate land use in sensitive areas (defined in
terms of water resources), restrict the storage or disposal of
hazardous materials, manage runoff and other pollutant sources
from housing developments, and institute an emergency monitoring
program.

Several Board of Health regulations were also proposed in
the M&E/Herr report. These dealt with the regulation of
agricultural activities to protect surface and ground waters,
particularly relating to the disposal of manure and the
application of fertilizer. A wetland protection bylaw, modeled
after the state statute, was also suggested.

A nitrate loading model was applied to Littleton by M&E/Herr
(1981), and it was determined that a minimum lot size (single
family dwelling) of about 1 acre was necessary to ensure that the
10 mg/1 nitrate nitrogen standard would not be exceeded in the
nearby ground water. Certain recharge areas in the vicinity of
major production wells were found to be undevelopable, if
acceptable water quality was to be maintained. For industrial or
commercial development, a wastewater discharge rate of not more
than 6 gpd per 1000 sq.ft of property was determined to be
appropriate. At least two-thirds of the accompanying property
must remain pervious (allowing percolation/infiltration) as well.

After reviewing the M&E/Herr report, BEC, Inc. concludes
that the calculations and assumptions employed are reasonable,
and that the proposed bylaws are justified and desirable.
Furthermore, these bylaws are appropriate and applicable for any
town which depends upon wells for its potable water supply and
also employs on-site wastewater disposal systems. Included are
the remaining towns in the Forge Pond watershed.

The Town of Littleton has adopted most of the recommended
bylaws, altering some to make them even more stringent and
refining others to aid their application. A regular monitoring
program is carried out through LL&W, and aquifer protection
districts have been expanded. A supplemental study by M&E (1981)
was commissioned to determine the potential for developing new
and additional wells for water supply. Surface water quality has
not yet been addressed in a similar manner, but its dependence on
ground water quality suggests that the enacted bylaws will aid
the management of water quality in Forge Pond.
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The Town of Westford has recently adopted an aquifer
protection bylaw and is in the process of evaluating its ground
water resources. Further legislation to aid the application of
this bylaw is planned upon completion of the current ground water
study. An approach much like that taken by Littleton, with
adjustments to make it appropriate for Westford1s specific
resources and problems, is envisioned.

A newly detected but potentially very old ground water
problem in the Forge Pond watershed involves dangerously high
natural levels of arsenic in deep rock wells (Reitzel 1982).
Arsenic poisoning, most likely at a chronic level, is possible.
Several wells in the watershed were found to contain water with
excessive levels of arsenic upon testing by LL&W {Danos pers.
comm.). At least one undocumented case of chronic arsenic
poisoning was uncovered. This problem may negate the drilling of
deeper wells to tap new and uncontaminated sources of potable
water. Careful management of ground water resources nearer to
the land surface appears essential.

The only available data for Forge Pond itself were collected
by the Massachusetts Division of Water Pollution Control (1974).
Only Beaver Brook and Slick Brook were shown as tributaries, and
the watershed area was consequently underestimated. The late
August dissolved oxygen profile was similar to that recorded by
BEG, and comparable hypolimnetic build-ups of phosphorus and
ammonia were observed.

The MDWPC list of macrophyte taxa was shorter than the BEC,
Inc. list, but noted the same dominant genera. The MDWPC
macrophyte distribution map was not completed due to equipment
failure, but what was shown was similar to the distribution
observed by BEC, Inc. Zooplankton data collected by the MDWPC
matched that of BEC, Inc. very closely, and the observed
phytoplankton composition was similar, although Anabaena was not
the dominant bluegreen alga in the MDWPC analysis.

Information on Mill Pond in Littleton is also presented in
the same MDWPC report (1974). Mill Pond is listed as having a
surface area of 13.8 ha and a drainage area of 2370 ha. It has a
mean depth of less than one meter, is divided into a north and a
south basin by Hardwood Road, and impounds a volume of about
123,000 cu.m of water. It has four tributaries, but Beaver Brook
and Mill Brook (Veryfine Brook) are the major water sources.
Mill Pond is unstratified, but a June, 1974 dissolved oxygen
profile exhibited a concentration of less than 4.0 mg/1 from top
to bottom in both basins. Phosphorus values were elevated at all
stations, but were especially high at the Mill Brook inlet
(downstream of the New England Apple Products plant) and in the
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north basin. The pond is infested with dense growths of duckweed
(Lemna), which float down Beaver Brook to Forge Pond during
spring and summer.

It would appear that Mill Pond is not functioning as an
efficient detention basin for Forge Pond. Its detention capacity
is limited and pollutant loads to Mill Pond appear to be high;
much of the phosphorus load passes downstream, either in a
dissolved form or incorporated into floating masses of duckweed.
Mill Pond is in a seriously degraded condition and warrants
management action, both for its own sake and for the protection
of Forge Pond from excessive pollutant loads.
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HYDROLOGIC BUDGET

The hydrology of Forge Pond is likely to be complicated by
its numerous tributaries and their interactions with ground
water. The yield coefficients of Sopper and Lull (1970) suggest
a mean flow of about 35 cu.m/min. Runoff production in New
England averages about 53.3 cm/yr (Sopper and Lull 1970, Higgins
and Colonell 1971), suggesting an inflow of up to 54 cu.m/min.
Considerable evapotranspiration in the extensive wetlands
adjoining most waterways is likely to reduce this latter value
appreciably.

Actual measurement of water inputs to Forge Pond included
assessments of the flow in all potential tributaries and
calculation of ground water and direct precipitation inputs. The
average flow at the Beaver Brook inlet was 19.3 cu.m/min (Table
3), while that of Gilson Brook was 9.3 cu.m/min. Minor
tributaties included Carmichael Swamp Brook at a mean inflow of
2.2 cu.m/min and Slick Brook at an average discharge of 1.0
cu.m/min. Other surface water sources contributed negligible
quantities of water to Forge Pond during the study period.

Precipitation data reported to the National Oceanic and
Atmospheric Administration (NOAA) is routinely tabulated and
provided to requesting parties. While BEG, Inc. automatically
receives NOAA data for New England, data for 1985 and portions of
1986 are still unavailable. Since precipitation data was not
provided by any watershed resident during the study period, long- '
term NOAA data for nearby stations must be relied upon (Table 6).
A mean annual precipitation of 114 cm/yr is assumed, with a range
from 97 to 150 cm/yr. At a pond area of 72.4 ha, the average
contribution of direct precipitation is estimated at 1.6 ,-
cu.m/min.

The inflow of ground water was calculated using Darcy's
formula and by logical estimation. The average slope within the
likely zone of contribution to the pond is 0.01 vertical meters
per horizontal meter, and the seepage area (south side of the
pond) is about 210,000 sq.m. Soil permeability ranges from 0.006
to 0.030 m/hr, based on soil types. A ground water inflow of 0.2
to 0.9 cu.m/min is estimated, using Darcy's formula.

Intuitively, ground water moves at a rate determined by soil
permeability and ground water contours, passing through some area
of intersection with Forge Pond. From the soils data and
topography of the watershed (see the Lake and Watershed
Description and History section of this report), ground water
moves at a rate of approximately 0.15 m/day from the watershed
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TABLE 6

PRECIPITATION DATA FOR THE WESTFORD/LITTLETON, MA AREA

(centimeters of precipitation as rain)

Long-term NOAA data

Month Clinton Lawrence

J 10.4 9.1
F 9.2 7.9
M 11.1 9.3
A 9.6 9.2
M 9.6 8.6
J 8.7 8.1
J • 8.3 8.4
A 10.9 8.3
S 9.8 9.4
0 9.6 8.9
N 11.5 10.9
D 11.1 9.9

Total 119.3 108.0

Maximum 147.3 149.9

Minimum 97.0 100.6

Note: Short-terra data for the complete study
period is not yet available from NOAA.
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into the pond through an intersecting area about 1435 m long and
6.1 m deep. This suggests an inflow of 0.9 cu.m/min, at the
upper limit of the range calculated by Darcy's formula.

The measured outflow discharge averaged 22.4 cu.m/min, and
evaporation was calculated to be about 0.9 cu.m/min. Records of
the Murray Printing Company indicate an intake of 4.7 cu.m/min
from the pond at the outlet (adjacent to the spillway, via a
subsurface pipe). Accountable outflows therefore total 28
cu.m/min, which is 6.3 cu.m/min less than the total of all
itemized inputs. The mean inflows and outflows are presented in
Table 7. The inflow surplus of 6.3 cu.m/min is attributed to
ground water recharge on the Westford side of the pond.

Without direct measurement of seepage, it is not possible to
conclusively demonstrate the suspected ground water recharge.
Yet the total inflow exceeded the itemized outflow on all but one
sampling date, and the pond level experienced no net change over
the course of the study. As Forge Pond rests at a higher
elevation than the downstream wetland area which contains a town
well field, it seems very probable that ground water recharge is
occurring along the north side of the pond. The current ground
water study contracted by the Town of Westford should provide
data relevant to this issue.

The hydrologic budget is presented graphically in Figure 24.
Beaver Brook is clearly the most important source of water, with
Gilson Brook a distant second. Gilson Brook provides a greater
proportion of the winter water load and a smaller percentage of
the summer inflow as a consequence of the seasonal operation of
the Ayer well field just upstream of Spectacle Pond. Coupled
with other wells in the area, enough water is withdrawn from the
system to almost eliminate outflow from Spectacle Pond during dry
summer periods.

The estimated flow through Forge Pond results in an average
hydraulic detention time of 0.14 years. As flow will vary with
precipitation, an annual mean detention time range of 0.10 to
0.19 years is expected. Based on the minimum and maximum flows
observed, the detention time could be as low as 0.04 years (14
days) or as long as 1.21 years. Neither of these extremes is
likely to be reached, however, since periods of extreme
precipitation or dryness are not so prolonged. In general, the
hydraulic detention time of Forge Pond is considered moderate.

The response time, calculated according to Dillon and Rigler
(1975), indicates how much detention time is needed for the
potential impact of an episodic pollutant load to be completely
manifested. For Forge Pond, the response time ranges from 0.20
to 0.34 years. These values are slightly higher than the
calculated endpoints of the detention time range (Table 7),
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TABLE 7

HYDROLOGIC BUDGET FOR FORGE POND

Inputs

Beaver Brook (F-l)
Slick Brook (F-2)
Gilson Brook (F-3)
Carmichael Swamp

Brook (F-4)
Direct Precipitation
Ground Water Inflow

Total Inflow

Outputs

Outlet (F-6)
Evaporation
Murray Printing Co. Intake
Ground Water Recharge

Total Outflow

cu.m/min

19.3
1.0
9.3

2.2
1.6
0.9

34.3

22.4
0.9
4.7
6.3

34.3

% of Total

56.3
2.9
27.1

6.4
4.7
2.6

100

100

Detention Time

Mean
Annual Range
Hypothetical Range

Response Time

Years

0.14
0.10-0.19
0.04-1.21

0.20-0.34

49
37-69
14-443

73-124
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FIGURE 24
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suggesting that the full impact of pollutant inputs is not felt
by the pond. Considering the level of inputs, this is indeed
fortunate. There is much variation associated with the response
time, however, and it should not be strictly applied in a
management context.
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NUTRIENT BUDGETS

Phosphorus
Export coefficients for phosphorus can be used in

conjunction with land use data to estimate the load generated in
the Forge Pond watershed. The best of a wealth of literature
values for areal phosphorus export have been summarized by
Reckhow et al. (1980), and values can be selected from the range
presented after evaluation of specific watershed traits such as
vegetative features, soil types, and housing density. Estimation
of internal loading of phosphorus is facilitated by coefficients
of release given by Nurnberg (1984), who summarized another
pertinent body of literature.

Chosen export coefficients and corresponding justification
are presented in Table 8. The coefficients, corresponding land
areas, and the results of their multiplication are given in Table
9. Based on this analysis, almost 5,560 kg of phosphorus are
generated in the watershed each year. Not all of this phosphorus
reaches Forge Pond, however, as soils, wetlands, and upstream
impoundments remove a portion of this load. Considering the size
and configuration of the Forge Pond watershed, 20 to 40% of the
generated load is likely to reach the pond, or between 1,100 and
2,200 kg/yr.

Another model approach to quantifying inputs involves the
use of empirical equations which rely on in-lake concentrations
and hydrologic features of the system to estimate the load to the
lake. A set of five equations was applied to the Great Pond
system (Table 10). Appropriate values for corresponding
variables and the calculated phosphorus loads are presented in
Table 11. Predicted loads ranged from 1,115 to 1,716 kg P/yr,
consistent with expectations based on export coefficients and
intuition.

Voilenweider (1968) established loading criteria based on
system morphology and hydrology; a phosphorus load of less than
362 kg/yr would be considered permissible under this scheme,
while a load in excess of 724 kg/yr would be deemed critical.
The predicted loads are well above the critical value for a lake
with the features of Forge Pond, suggesting nutrient enrichment
and potentially excessive productivity.

The most reliable approach to nutrient load estimation
involves direct measurement, although not all inputs are amenable
to this approach. A combination of direct measurements and
calculations based on empirical data or export coefficients was
therefore applied. The mass flow of phosphorus past monitored
stations (Table 12) suggests that 1,007 kg of phosphorus enter
Forge Pond through the four regularly sampled tributaries each
year. An annual input of 5 kg is estimated for the intermittent
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TABLE 8

NUTRIENT EXPORT COEFFICIENTS FOR LAND USES AND OTHER SOURCES
IN THE FORGE POND WATERSHED

Source Export Coefficient (kq/ha/yr)
N P

Land Use

Forest 2.5

Residential
and Commercial 5.5

Wetland 1.4

Agriculture 27.0

Industrial 38.5

Highway Corridor 5.5

Lakes (excludes
Forge Pond)

Open 5.2

Other Sources

Atmospheric 21.4
Deposition

Ground Water 15.7

Internal Recycle
from Sediments*

0.21

1.10

0.02

2.00

6.23

1.10

0.81

1.00

0.50

0.7-8.8
(assume 3.1)

Selection Criteria

Median value, mixed
conditions.

Median value, mixed
conditions.

Potential nutrient sink,
low end of forest range.

Middle of upper half of
range for mixed agriculture,
many dairy/corn farms.

Upper end of urban range,
effluents involved.

Median value for residential
area, much traffic, rapid
storm drainage.

No load from these sources
assumed.

Median value for pasture
land, mixed conditions.

Median value for urban area,
high end of agricultural-
rural range.

Mean of available
data.

Range of values for anoxic
sediments, applied to
appropriate Forge Pond area.

*Requires knowledge of the duration and areal extent of anoxia.
A calculation sheet is included in the Technical Appendix.
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TABLE 9

NUTRIENT LOAD GENERATION BY SOURCES IN THE FORGE POND WATERSHED

Source
Area Included

(ha)
Export Coefficient

(kg/ha/yr)

Land Use
Forest 1623
Residential/
Commercial 1532

Wetland 998
Agriculture 726
Industrial 251
Highway

Corridor 128
Lakes 54

(excludes
Forge Pond)

Open 27
Other Sources

Atmospheric
Deposition . 72.4

Ground Water 72.4
Internal Release

from Sediments 72.4

Estimate of the Total Load Generated
in the Forge Pond Watershed

N

2.5

5.5
1.4

27.0
38.5

5.5

5.2

21.4
15.7

0.21

1.10
0.02
2.00
6.23

1.10

0.81

1.00
0.50

3.10

Load Generated
(kq/yr)
N

4058 340.8

8426 1685.2
1397 20.0
19602
9664

704
0

1452.0
1563.7

140.8
0

140 21.9

1549 72.4
1137 36.2

0 224.4

46677 5557.4
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TABLE 10

EQUATIONS AND VARIABLES FOR DERIVING PHOSPHORUS
LOAD ESTIMATES FROM IN-LAKE CONCENTRATIONS

Kirchner & Dillon, 1975
TP=L(1-R)/Z(F)
L=TP(Z) (

Vollenweider, 1975
TP=L/(Z) (S+F)
L=TP(Z) (S+F)

Chapra, 1975
TP=L(1-R)/(Z) (F)
L=TP(Z)(F)/(1-R)

Larsen & Mercier, 1975
TP=L(1-R

Jones & Bachmann, 1976
TP=0.84 L/(Z) (0.65+F
L=TP(Z) (0.65+F)/0.84

(K-D)

(V)

(C)

(L-M)

(J-B)

TP=Total P as ug/1 in spring

2
L=P load as mg P/m /yr

Z=mean depth as m

F=flushing/yr

S=effluent TP/influent TP

qs=Areal water load=Z(F) m/yr

Vs=Settling velocity=Z(S) m

R=Retention coefficient (phosphorus)
=(P in - P out)/P in

Rp=Retention coefficient (water load
=Vs/Vs+qs (Vs=13.2)

RLM=1/1+(F'
5)
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TABLE 11

PHOSPHORUS LOAD TO FORGE POND
BASED ON MODELS EMPLOYING IN-LAKE CONCENTRATIONS

Variable Parameter Value

TP [ug/1] 59
Z [m] 3.4
F [yr L] 7.1
S=P out/P in 0.6
qs=Z(F) [m/yr] 24.1
Vs=Z(S) [m] 2.0
R=(P in - P out)/P in 0.4
Rp=13.2/13.2+qs 0.4
RLM=1/(1+F ) 0.3

2
Predicted Load (g/m /yr)
By Each Model

K-D 2.37
V 1.54
C 2.37
L-M 2.03
J-B 1.85
Predicted Load (kg/yr)
By Each Model

K-D 1716
V 1115
C 1716
L-M 1470
J-B 1339

Vollenweider Criteria

Critical Load

g/m2/yr 1.00
kg/yr 724

Permissible Load

g/m2/yr 0.50
kg/yr 362
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TABLE 12

NITROGEN AND PHOSPHORUS MASS FLOW IN THE FORGE POND SYSTEM

PARAMETER MASS FLOW PAST GIVEN STATION (KG/YRi

F-l F-2 F-3 F-4 F-6

TOTAL PHOSPHORUS
ORTHOPHOSPHORUS

AMMDNIA NITROGEN
NITRATE NITROGEN
TOTAL KJELDAHL NITROGEN
TOTAL NITROGEN

631.6
184.6

39.1
21.9

530.5 82.5
1883.7 2636.7
9382.1 682.4
11265.8 3319.0

290.2
89.2

326.8
1700.0
6457.9
8157.8

46.0
15.8

834.5
365-6

54,9 948.0
91.8 2639.1

761.0 13820.7
852.8 16459.8
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tributaries, and storm drains can be expected to contribute 7
kg/yr. Almost 835 kg of phosphorus leave the lake annually via
the outlet spillway.

Since the outlet spillway handles about 65% of the total
outflow, an outgoing phosphorus load of 1,285 kg/yr is
calculated, assuming all loads to be proportional to flow. Given
a phosphorus retention coefficient of 0.4 (Table 11), the total
phosphorus load to Forge Pond is estimated at 2,141 kg/yr. As
much of the phosphorus is in a particulate form, however, the
load exiting with ground water recharge is probably small. The
exclusion of ground water recharge from consideration results in
a load estimate of 1,734 kg/yr.

Using a realistic value for phosphorus in rainfall (Reckhow
et al. 1980), a direct precipitation-induced load of 72 kg/yr is
calculated. Based on the calculated inflow of ground water
(Table 7) and the concentration of phosphorus in wells near Forge
Pond (Technical Appendix), the direct contribution of ground
water to the phosphorus load is estimated at 18 kg/yr. Empirical
consideration of the internal loading of phosphorus from anoxic
bottom sediments (Technical Appendix) results in an estimate
similar to that obtained using an export coefficient (Table 9); a
value of 222 kg/yr was chosen for further loading analysis.

Summing the itemized phosphorus inputs, the load to Forge
Pond is estimated at 1,331 kg/yr (Table 13). This load is larger
than the permissible and critical loads given previously, and is
similar to the load estimates obtained by other methods. Beaver
Brook is the largest itemized phosphorus source, followed by
Gilson Brook and then the internal load (Table 13, Figure 25).
Together these sources account for 86% of the total phosphorus
load.

Phosphorus loads to Gilson Brook are largely diffuse, but
non-point source loading of Beaver Brook is substantially
augmented by the discharge from the New England Apple Products
Plant. A phosphorus input of 722 to 1,006 kg/yr is calculated
from the data supplied by New England Apple Products. Much of
this load is removed by natural processes between the discharge
site and Forge Pond, a distance of about 6,500 m (4 miles). Yet
if only one-third of this load reaches the pond (a reasonable
estimate), a phosphorus load of 238 to 332 kg/yr will result.
This represents 38 to 53% of the load from Beaver Brook, and 18
to 25% of the total load to Forge Pond.

Nitrogen
Derivation of a nitrogen budget was approached in the same

manner as was the phosphorus budget. Lack of suitable equations
for calculationg nitrogen loads from in-lake concentrations
precluded the use of that method, however. Export coefficients
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TABLE 13

NUTRIENT LOADS TO FORGE POND BASED ON EMPIRICAL
DATA AND SELECTED EXPORT COEFFICIENTS

Total Phosphorus
% of

kq/yr total
Source

Beaver Brook (F-l)

Slick Brook (F-2)

Gilson Brook (F-3)

Carmichael Swamp
Brook (F-4)

Other tributaries

Storm drains

Precipitation

Ground water

Internal release
from sediments

TOTAL

632

39

290

46

5

7

72

18

222

1331

47.5

2.9

21.8

3.5

0.4

0.5

5.4

1.3

16.7

100

Total

kg/yr

11266

3319

8158

853

78

26

1549

908

Nitrogen
% of
total

43.1

12.7

31.2

3.3

0.3

0.1

5.9

3.4

26157 100
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FIGURE 25

Phosphorus Loads to Forge Pond based on Empirical
Data and Selected Export Coefficients
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and resulting loads are given in Tables 8 and 9. Mass flow of
three nitrogen forms and total nitrogen past monitored stations
are presented in Table 12, while the loads for itemized sources
are given in Table 13. A breakdown of the total nitrogen load by
source is shown in Figure 25.

From export coefficients it is estimated that 46,677 kg of
nitrogen are generated in the Forge Pond watershed each year. The
sum of itemized nitrogen loads to Forge Pond is 26,157 kg/yr.
The magnitude of the nitrogen load suggests that phosphorus will
be in relatively shorter supply for plant growth in Forge Pond,
and that phosphorus would be the logical target of lake
management actions. This does not mean that nitrogen should be
ignored; health implications of high nitrate levels and the
tendency of nitrogen sources to also be phosphorus sources
suggest that an overall management plan should address nitrogen
inputs. It is unlikely, however, that control of nitrogen alone
(if possible) would yield any detectable benefits in Forge Pond.

The relative abundance of different forms of nitrogen is
more important than the total quantity of nitrogen in the Forge
Pond system. The presence of nitrates at high levels in water
supplies can render them non-potable, Ammonia levels are of
greater concern in Forge Pond, where toxicity to aquatic life is
a possibility. A build-up of ammonia in the anoxic hypolimnion
during summer results in potentially toxic levels in that water
layer, but low oxygen concentrations already preclude most
desirable forms of aquatic life from that zone. Dilution with
epilimnetic water upon turnover results in ammonia concentrations
below the threshold for acute toxicity, but chronic effects and
increased stress to fish and invertebrates are possible.
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DIAGNOSTIC SUMMARY

Forge Pond is situated in a relatively large watershed with
highly mosaic soil and land use patterns. Agricultural,
industrial, commercial, and residential activities result in
substantial nutrient loads to the pond. Upstream wetlands,
impoundments, and recent land use restrictions aid the
attenuation of pollutant loads, but Forge Pond is still suffering
nutrient enrichment beyond a tolerable level. Aside from current
loads from the watershed, past loads of phosphorus are recycled
in the pond, particularly in association with hypolimnetic anoxia
during the summer. The build-up of ammonia in these anoxic
bottom waters is also undesirable in terms of recreation and pond
ecology.

Beaver Brook and Gilson Brook provide 73% of the water
entering Forge Pond. Water exiting over the outlet spillway
comprises only 65% of the total outflow. Murray - Printing Company
uses some pond water for cooling and some water is lost to
evaporation, but a substantial quantity (19%) is believed to
provide ground water recharge along the northern shore. Flow
through the pond results in a mean hydraulic detention time of 49
days, although seasonal variation is high.

Phosphorus is in relatively shorter supply than nitrogen in
Forge Pond, and is the logical target of water quality
management. Phosphorus carried into the pond by Beaver Brook
comprises 47% of the total load, and as much as 53% of the Beaver
Brook load is attributed to the New England Apple Products plant
discharge. Gilson Brook provides 22% of the total phosphorus
load, while internal loading (release from anoxic sediments)
accounts for 17% of the load. Other phosphorus inputs are
relatively minor.

Growths of aquatic macrophytes are largely peripheral, with
the highest densities occurring in the east, west, and south
coves of the pond, and along the northwest shore. While overall
plant cover is not excessive, the distribution of macrophytes
interferes with recreational pursuits, especially swimming.
Phytoplankton blooms occur, but wind- and motorboat-induced
turbulence tends to prevent the formation of surface scums and
maximizes water clarity. The state standard for visibility in
waters used for contact recreation is barely met during the
swimming season, however.

The valuable fishery of Forge Pond is threatened by low
oxygen levels which occur in summer and winter. Of particular
concern is the winter anoxia, which leaves only a relatively thin
layer of water suitable for fish and other aquatic animals. Some
instability was noted in the structure of the fish community, but
the fishery of Forge Pond has remained satisfactory.
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Forge Pond remains a viable recreational facility, despite
excessive pollutant loads and primary production. This pond and
its watershed require management to achieve maximum recreational
potential and to avoid potentially severe recreational impairment
in the future. Actions taken by the towns and associations
within the watershed represent steps in the right direction, but
further action is needed.
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MANAGEMENT RECOMMENDATIONS

To improve the condition of Forge Pond, both watershed and
in-lake management techniques should be applied. A substantial
reduction in the phosphorus load to the pond is needed. Logical
target sources include the New England Apple Products processing
plant, agricultural activities, on-site wastewater disposal
systems/ and the internal load from anoxic sediments. A
phosphorus load reduction of 46% would decrease the load below
the calculated critical level. If sources of highly available
orthophosphorus (e.g./ the internal load and discharge from the
New England Apple Products plant) are preferentially attacked, a
load reduction of 46% would be likely to result in a
proportionally greater improvement in pond conditions.

Macrophyte nuisances must be controlled in the pond itself,
particularly near beaches and boat launching facilities. While
an overall reduction in macrophyte cover is not essential, the
distribution of plants should be altered to reduce interference
with swimmers and boaters. The oxygen problem in Forge Pond must
be addressed, particularly as relates to winter deficits under
the ice. Aside from preservation of a valuable fishery, this
measure is tied to desired reductions in the phosphorus load to
the pond.
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PART II

FEASIBILITY ASSESSMENT
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EVALUATION OF MANAGEMENT OPTIONS

Available Techniques
The number of actual techniques available for lake and

watershed management is not overwhelming (Table 14). The
combination of these techniques and level of their application,
however, result in a great number of possible management
approaches. Since each lake is to some extent a unique system, a
restoration and management program must be tailored to a specific
waterbody. Techniques are essentially taken "off the rack" and
altered to suit the individual circumstances of a specific lake
ecosystem.

Review of the management options in light of the
characteristics and problems of Forge Pond and its watershed
allows elimination of certain alternatives from further
consideration. Given the intermediate detention time for water
in Forge Pond, chemical treatment with biocidal agents or
phosphorus-inactivating compounds would have only a relatively
short-lived effect. At a cost of 520,000 to $100,000 per
treatment, the addition of chemicals to Forge Pond does not
appear to be a viable management alternative.

Dredging in Forge Pond could be used to control macrophytes
and deepen coves, but such a drastic measure is not really
justified at this time. Other techniques could be used to
control plant growths, and might even result in sediment
compaction in certain areas. Dredging would be very applicable,
however, to the maintenance of upstream detention areas.

Dilution and flushing beyond current rates are not realistic
possibilities, as there is no readily available source of
additional water. Diversion of streams outside the present
watershed would meet with stiff political opposition and would be
very costly. Most ground water passing through the watershed
enters Forge Pond already, either directly or indirectly via
tributaries fed by ground water. Possible additional ground
water inputs are therefore unlikely to be substantial.

While the establishment of a sanitary sewer system and/or
diversion of wastewater from the watershed are possible, they are
highly improbable approaches in this case. The cost and
logistics of such management actions are likely to be
insurmountable at this time. The use of on-site detention of
stormwaters is also possible, but maintenance of sufficient
pervious surface to allow percolation of most stormwater is more
appropriate in this system, and is required under the new bylaws
of Littleton.

Aside from agricultural erosion problems, erosion is not a
major problem in the Forge Pond watershed. Abundant wetlands.
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TABLE 14

LAKE RESTORATION AND MANAGEMENT OPTIONS

Technique
A. In-Lake Level

1. Dredging

2. Macrophyte Harvesting

3. Biocidal Chemical Treatment
And Dyes

4. Water Level Control

5. Hypolimnetic Aeration
Or Destratification

6. Hypolimnetic Withdrawal

7. Bottom Sealing/Sediment
Treatment

8. Nutrient Inactivation

9. Dilution And Flushing

10. Biomanipulation/Habitat
Management

B. Watershed Level

1. Zoning/Land Use Planning

2. Stormwater/Wastewater
Diversion

3. Detention Basin Use
And Maintenance

Descriptive Notes
Actions performed within a water body.

Removal of sediments under wet or dry
conditions.

Removal of plants by mechanical means.

Addition of inhibitory substances
intended to eliminate target species.

Flooding or drying of target areas to
aid or eliminate target species.

Mechanical maintenance of oxygen levels
and prevention of stagnation.

Removal of oxygen poor, nutrient rich
bottom waters.

Physical or chemical obstruction of
plant growth, nutrient exchange, and/or
oxygen uptake at the sediment-water
interface.

Chemical comlexing and precipitation
of undesirable dissolved substances.

Increased flow to minimize retention of
undesirable materials.

Facilitation of biological interactions
to alter ecosystem processes.

Approaches applied to the drainage area
of a water body.

Management of land to minimize
deleterious impacts on water.

Routing of pollutant flows away from a
target water body.

Lengthening of time of travel for
pollutant flows and facilitation of
natural purification processes.

86



TABLE 14 (continued)

4. Provision Of Sanitary
Sewers

5. Maintenance And Upgrade
Of On-Site Disposal Systems

6. Agricultural Best
Management Practices

7. Bank And Slope Stabilization

8. Increased Street Sweeping

9. Behavioral Modifications
a. Use Of Non-Phosphate

Detergents.

b. Eliminate Garbage. Grinders

c. Minimize Lawn Fertilization

d. Restrict Motorboat Activity

e. Eliminate Illegal Dumping

Community level collection and treatment
of wastewater to remove pollutants.

Proper operation of localized systems
and maximal treatment of wastewater to
remove pollutants.

Application of techniques in forestry,
animal, and crop science intended to
minimize impacts.

Erosion control to reduce inputs
of sediment and related substances.

Frequent removal of potential runoff
pollutants from roads.

Actions by individuals.
Elimination of a major wastewater
phosphorus source.

Reduce load to treatment system.

Reduce potential for nutrient loading
to a water body.

Reduce wave action, vertical mixing, and
sediment resuspension.

Reduce organic pollution, sediment loads
and potentially toxic inputs to a water
body.
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which act as filters and sediment traps, minimize the impacts of
erosion on Forge Pond. Bank and slope stabilization along
tributaries and around the pond is not necessary on a large
scale, and could be dealt with through property owner education.
The proper construction of retaining walls and planting of
cleared slopes should be encouraged.

The absence of an extensive storm drain system and largely
diffuse pattern of streets preclude efficient application of
street sweeping throughout the watershed. Frequent sweeping of
more densely populated areas would be beneficial, but would have
at best only a marginal impact on Forge Pond water quality.

Modification of the practices of watershed residents is
often warranted, and changes can usually be implemented without
appreciable monetary cost. The scarcity of garbage grinders and
minimum of illegal dumping in this watershed limit the benefits
to be gained from their complete elimination, however. There is
no evidence to suggest that the restriction of motorboat
activities on Forge Pond would have any beneficial effect on
water quality. Motorboat arid other recreational restrictions
could aid the management of Forge Pond users, but area residents
have requested that BEC refrain from making recommendations in
this regard.

All of the other potential actions listed in Table 14 are
applicable and possibly appropriate to Forge Pond and its
watershed. Macrophyte harvesting, water level control, and
bottom sealing techniques would be useful in the control of
macrophyte growths. Hypolimnetic aeration, withdrawal,
destratification, or sediment treatment would be useful in
reducing oxygen deficits and the release of phosphorus from
bottom sediments. Biomanipulation could provide greater water
clarity without a change in nutrient loading. Land use control,
effective use of detention basins, management of wastewater
disposal systems, implementation of agricultural best management
practices, and reductions in the use of phosphate detergents and
lawn fertilizers could result in a major reduction in the
phosphorus load to Forge Pond from its watershed.

Evaluation of Viable Alternatives
Limited macrophyte harvesting is currently practiced by the

Town of Westford at their town beach at a cost of several
thousand dollars per year. Bottom covers could provide similar
control for a similar price. If a drawdown could be sustained,
macrophyte control could be achieved for virtually free, as a
subsurface pipe already exists at the outlet. When Abbott
Worsted operated the plant and associated outlet devices, an
annual drawdown of at least one vertical meter was conducted as a
service to shoreline property owners who wished to repair docks
and retaining walls or clear the pond bottom adjacent to their
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respective properties. Substantial macrophyte nuisances were not
reported until about 20 years ago, after approximately a decade
without drawdowns.

Fanwort (Cabomba) is the most troublesome species in the
pond, and is susceptible to dessication and freezing during
drawdowns. Most other vascular plant species found in Forge Pond
are also relatively intolerant of prolonged drawdowns, suggesting
that adequate reductions in cover might be achieved by an
overwinter drawdown. Some harvesting or bottom sealing might
still be needed or desired in swimming areas, but it seems
worthwhile to attempt an experimental drawdown and evaluate the
results before implementing other control measures.

There are four potential problems associated with conducting
a drawdown of Forge Pond. The drawdown must be sustained,
necessitating a discharge capacity of about 52 cu-m/min on
average during the winter. The existing subsurface pipe has a
0.91 m (3 ft) diameter, with the bottom of the pipe at an
elevation 1.5 m (5 ft) below the normal water level (USACOE
1979). At the normal water depth it can discharge 112 cu.m/min
(ACPA 1974). With the water at the same elevation as the top of
the intake pipe, the discharge would be 68 cu.m/min, while at a
water level 1 m below normal (target drawdown level, about 2 ft
of water in pipe) an outflow of 34 cu.m/min is expected. In
theory, then, a vertical drawdown of between 0.7 and 1.0 m is
sustainable. Past experience suggests that a drawdown of at
least 1.0 m is indeed sustainable.

The second potential problem involves the possible impact on
shallow wells around the pond. Less than 10% of the wells in the
general vicinity of the pond are less than 6.1 m (20 ft) deep,
and all have a screened length of at least 1.5 m (5 ft). If the
water level was lowered by 1 m, up to 10% of the houses could
experience a drop in well production capacity. It is unlikely
that any well would go dry, and improbable that demand would
exceed production. Yet the potential for supply impairment
exists, and residents were apprised of this at the last public
meeting. No objections to an experimental drawdown were raised.

The third problem relates to the winter depletion of oxygen
under the ice at Forge Pond. Most of the volume of Forge Pond
becomes unsuitable for fish life by March. A reduction in the
volume of Forge Pond at the start of winter would also reduce the
absolute quantity of oxygen available to satisfy a relatively
constant oxygen demand (Technical Appendix). The detention time
of water in the pond would decline, but the replacement water
sometimes has a low oxygen content itself. It is likely that
even more of the pond volume would become anoxic by late winter,
if a drawdown is conducted without first satisfying the oxygen
demand.
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The final potential problem involves the refilling of the
pond in spring. Sufficient water must be available to refill the
pond within two months while maintaining a downstream flow of
about 10 cu.m/min. Spawning areas for fish in Forge Pond would
then be available when needed, and the water needs of Murray
Printing Company and the downstream ecosystem would be satisfied.
Data collected during this study indicate a mean spring outflow
of almost 52 cu.m/min. At a surplus of around 40 cu.m/min, the
pond would return to its normal level in only 3 days. Refilling
the pond is therefore unlikely to be a problem during the spring.

Solving the oxygen problem in Forge Pond will require either
addition of oxygen or reduction of the oxygen demand. The pond
could be destratified and aerated with a large compressor unit
for a capital cost of around $60,000 and an annual operation
expense of up to $10,000. A more sophisticated hypolimnetic
aeration unit, which would add oxygen without destratifying the
pond, could be installed for about $70,000. Associated
operational costs would total about $6,000 per year.

The oxygen demand could be reduced by treating, the bottom
sediments with an oxidizing chemical at a cost of about $6,000
per hectare. Approximately 14.5 ha would require treatment,
suggesting a cost of $87,000. While the existing oxygen demand
would be greatly reduced, future demands would be unaltered.
Retreatment of Forge Pond might be necessary within several
years, given inputs from tributaries and the production of
organic matter in the pond.

Alternatively, bottom waters could be selectively withdrawn
from the pond, preventing complete oxygen depletion and release
of phosphorus from bottom sediments. The isolation of the
hypolimnion in the summer and the lack of wind-induced mixing
under winter ice result in anoxia at the bottom of the pond.
Anoxia extends upward to the thermocline during summer and could
theoretically approach the underside of the ice layer in winter.
Water passing through the outlet is entirely from the surface
layer, however; the most oxygenated water is discharged, while
the most oxygen-depleted water is retained. By discharging
bottom waters instead of surface waters it may be possible to
eliminate anoxia, or at least reduce its extent.

A pipe from the bottom of the pond to the outlet, with a
discharge elevation slightly lower than the crest of the
spillway, would passively allow the removal of bottom waters.
The discharge rate will depend on the diameter of the pipe and
the depth of the bottom of its outlet end below the water
surface. Given the background surface oxygen level, rate of
oxygen depletion, and a target dissolved oxygen concentration,
the rate of discharge necessary to maintain the target
concentration can be calculated. If the flow requirement can be
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met by background inflows, or a drawdown of the pond is
permitted, an appropriately sized and installed pipe could be
used to control the oxygen level in the pond. Operational costs
would be small to negligible.

Installation costs vary with the size of the pipe used and
the difficulty of modifying the outlet structure to allow
subsurface discharge. Since Murray Printing Company currently
operates a canal with a 0.91 ra diameter subsurface pipe at the
Forge Pond outlet, a considerable cost savings could be realized
by incorporating the existing structure into the withdrawal
system design. Murray Printing Company has expressed an interest
in such an approach, as cooler bottom waters would be preferred
for operating the plant cooling system.

As noted previously in the discussion of a potential
drawdown of the pond, the existing subsurface pipe has a
discharge capacity ranging from 112 cu.m/min when the pond is
full to a minimum of 34 cu.m/min during the proposed drawdown.
The hypolimnetic oxygen depletion rate ranges from 0.08 to 0.20
mg/l/day during summer stratification, while oxygen is removed
from the pond at a rate of 0.06 to 0.09 mg/l/day under winter ice
(Technical Appendix). The background surface oxygen level is
typically 7 to 9 mg/1 (Technical Appendix). To maintain an
oxygen concentration of 6 mg/1 in the bottom waters, a discharge
of 30 to 40 cu.m/min would be needed during summer and an outflow
of 20 to 40 cu.m/min would be required during winter. To
maintain an oxygen level of 4 mg/1, a summer discharge of 10 to
14 cu.m/min and a winter outflow of 15 to 20 cu.m/min would be
necessary (Technical Appendix).

A 6 mg/1 oxygen concentration is suitable for all fish
species, including trout. A 4 mg/1 oxygen level would be
suitable for most fish species, and might support trout under
certain conditions. Winter discharge capacity during a drawdown
may be insufficient to maintain the oxygen concentration at 6
mg/1 at all times, but would allow maintenance at the 4 mg/1
level. Sufficient winter inflow exists to allow the needed
discharge for either target oxygen level.

Summer discharge capacity is more than adequate to allow the
maintenance of a 6 mg/1 oxygen level, if sufficient inflow is
provided. The mean summer surface outflow during this study was
about 15 cu.m/min, while the minimum spillway discharge was 2.5
cu.m/min. Available inflow is therefore insufficient to ensure
the maintenance of either target oxygen level, although a
substantial improvement in the oxygen regime could be realized.

Using available summer inflows, it would be possible to
maintain a hypolimnetic oxygen concentration of about 2 mg/1,
sufficient to prevent substantial release of phosphorus from the
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sediments and preclude the build-up of ammonia, but inadequate to
support most fish species. Since the epilimnion is well
oxygenated, however, the fish community of Forge Pond is not
threatened during the summer. Maintenance of a higher summer
oxygen level in the hypolimnion would require either a drawdown
of Forge Pond or the return of withdrawn waters after an aeration
treatment. The former is recreationally unacceptable and the
latter would be expensive. If the predicted results of a passive
discharge system are not acceptable, the use of a closed (non-
destratifying) hypolimnetic aeration system would be the most
cost-effective alternative.

If the predicted results of a bottom water withdrawal
program are acceptable, up to 500 m of 0.91 m diameter pipe would
need to be laid, extending from the outlet to the deepest area of
Forge Pond. At an installed cost of about $130 per linear meter,
an expense of around $65,000 is anticipated. Additional costs
include those associated with hooking the pipe into the current
subsurface discharge device in an appropriate fashion,
constructing a functional intake structure out in the pond, and
related design and permitting tasks. A total cost of around
$100,000 is anticipated. While the initial cost of this option
is greater than the alternatives, there is little or no
operational cost associated with the withdrawal operation. On a
multi-year basis, withdrawal is the most cost-effective
alternative.

Biomanipulation at Forge Pond would involve reduction of
planktivore stocks in an effort to reduce predation pressure on
the zooplankton and increase grazing pressure on the
phytoplankton. Algal biomass could be detectably reduced in this
manner (Wagner 1986). The MDFW has recommended a reduction in
planktivore population size for fishery management purposes as
well. Netting or angling would be the least intrusive methods of
thinning out populations of perch, sunfish, and golden shiners.
There are no public funds currently available for such endeavors.
A local effort would be most appropriate, perhaps in.the form of
an annual panfish derby.

Land use control is essential to the reduction of pollutant
loads to the aquatic system in general. Enactment of bylaws such
as those adopted by the Town of Littleton is advisable. Westford
is also taking steps in this direction. Bylaws intended to
protect ground water supplies should be extended to cover surface
waters, and some effort is necessary to affect improvements on
properties which have already been developed. An education
program intended to inform watershed residents of their impact on
water resources and role in protecting them would be helpful.

Management of existing detention basins is essential to the
reduction of pollutant loads reaching Forge Pond. Spectacle Pond
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appears to be functioning satisfactorily as a detention basin,
although there has been no detailed study of this water body.
Mill Pond is providing inadequate detention of water and
pollutants delivered to it by Beaver Brook and Veryfine Brook.
The shallow depth and extensive cover by duckweed are problems
there, both in terms of pollutant removal and recreational
utility. Further investigation of this pond is warranted, and a
dredging program should be considered.

The application of agricultural best management practices is
highly desirable, but may represent an intolerable burden for
farmers. There is currently very little money available for such
programs, and the economic state of most farms precludes
intensive individual action. Improvement programs are not" always
well received by the agricultural community or public in general.
For example, the recent clearing of stream banks and alteration
of the Slick Brook channel on the Mathieson farm was perceived as
an environmental abuse by many watershed residents, yet was
funded by a federal government program. This project was
intended to reduce future flooding of agricultural lands and
curtail associated nutrient loadings.

Fertilization of cropland is necessary in this watershed,
but the soils do not effectively retain nitrates, leading to
substantial nitrate concentrations in streams draining
agricultural areas (e.g.. Slick Brook). A major reduction in
nitrate loading from farmland is probably not possible without
extreme monetary expenditures for time release fertilizers or
drainage collection/treatment systems. Since most fertilizers
contain phosphorus as well as nitrogen, considerable phosphorus
loading may also occur, although phosphorus is less mobile in
watershed soils.

Two changes in residential practices are desirable; the use
of phosphate detergents and lawn fertilizers should be
eliminated. Garbage grinders also contribute an unnecessary load
of solids and nutrients, but their use is not especially popular,
near Forge Pond. The unnecessary input of phosphorus from these
sources to the ground water (and eventually to Forge Pond
tributaries) represents an easily achievable load reduction.
Education and public perception are important to successfully
eliminating these sources, although a ban on the sale of certain
phosphorus-laden products couldn't hurt. Legislation along these
lines is currently being promoted by the Massachusetts Coalition
of Lake and Pond Associations. Local support is needed.

Wastewater disposal is an unavoidable source of nutrients
for the aquatic system under study, but the effectiveness of
disposal systems should be maximized. Maintenance of existing
systems and replacement of problem systems must be encouraged.
Such management could be mandated and carried out by watershed
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towns with funds collected through taxation, much as trash
collection or community sewage treatment is provided in some
municipalities. it would seem preferable, however, to attempt to
affect proper management of on-site wastewater disposal systems
through education before mandating it through legislation. In
most cases, proper management results in a cost savings rather
than a net expense; an annual inspection and cleaning costs
between $50 and $150, while repair or replacement of a failed
conventional system can cost as much as $7,000.

Since several of the proposed watershed management actions
should at least be accompanied by an education program, a
synopsis of useful publications and summary of important points
are provided in Appendix B. This information could be supplied
to watershed residents as a brochure for a cost of $5,000 to
$10,000, and should prompt both loading reductions and support
for more environmentally conscious town bylaws. Load reductions
induced in this manner may not have a detectable effect on Forge
Pond water quality by themselves, but represent one aspect of an
overall pollution abatement program.

One wastewater disposal problem which requires more direct
attention is the discharge from the New England Apple Products
processing plant in Littleton. As the phosphorus load from this
plant may represent as much as 25% of the total phosphorus load
to Forge Pond, a substantial portion of the desired load
reduction could be achieved through improved wastewater treatment
at that facility.

The Massachusetts Division of Water Pollution Control and
New England Apple Products are currently working together to
improve the quality of the effluent from the processing plant.
The proposed effluent limitation for phosphorus is 100 ug/1 as a
monthly mean and 200 ug/1 as a maximum daily mean. If these
standards are applied, the phosphorus load from this source would
be cut by a factor of twenty. New England Apple Products would
become a negligible contributor of phosphorus to the Forge Pond
system.

The impacts of proposed in-lake actions include exposure of
20% of the Forge Pond bottom during winter, with potentially
commensurate reductions in macrophyte cover and density. The
oxygen regime of the pond would be greatly improved by the
discharge of bottom waters,.and downstream water quality would
not suffer if anoxia is prevented. Remember that the goal of the
discharge of bottom waters is not to pass poor quality water
downstream, but rather to prevent its occurrence at all.
Additionally, aeration of discharged water at the outlet of the
pipe (cascading action) would improve outlet water oxygen
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concentrations beyond the level achieved in the pond. Prevention
of anoxia in Forge Pond could reduce the annual phosphorus load
by 222 kg (almost 17%).

Compliance with the proposed phosphorus limit for the
effluent from the New England Apple Products processing plant
would result in a load reduction of 17 to 23%. The load
reduction achievable through other watershed measures is more
difficult to quantify. It does not seem unreasonable to assume a
10 to 20% load reduction from residential sources as a
consequence of land use regulation and management of wastewater
disposal systems. The total reduction in the phosphorus load to
Forge Pond would then be 44 to 60%.

A marked improvement in water quality is expected from these
actions, and additional improvements could be induced through
management of upstream detention basins. Algal abundance,
measured as chlorophyll a_ concentration, should decline by an
average of about 60%, based on the equations of Jones and
Bachmann (1976) and Oglesby and Schaffner (1978). Water
transparency should increase by 68 to 86%, based on equations
given by Oglesby and Schaffner (1978). An effective drawdown
should result in about1 a 75% reduction in macrophyte biomass over
20% of the pond area. This translates into a 50% overall
decrease in macrophyte coverage. More importantly, major
nearshore reductions should be realized, reducing current
interference with contact recreation.

It should be noted that the complexity of this system (Forge
Pond and its watershed) reduces the above estimates to informed
conjecture. The proposed management actions are definitely steps
in the proper direction from the perspective of environmental
stewardship, but their precise impact on plant biomass is not
altogether certain. The inherent variability of the biological
components of any aquatic system necessitates continued
monitoring and program adjustment to ensure success.
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RECOMMENDED MANAGEMENT APPROACH

After consideration of pond and watershed characteristics
and the available options for improving or preserving the
existing conditions, the following actions are recommended for
the management of Forge Pond:

1. Use the existing subsurface outlet pipe, currently controlled
by Murray Printing Company, to affect an experimental overwinter
drawdown of Forge Pond to a level approximately one meter below
the normal water level.

2. Install a pipe extending from the current Murray Printing
Company subsurface drain to the deepest part of Forge Pond, and
use this pipe to affect the withdrawal of bottom waters from the
pond throughout the year. This action should precede the
experintental drawdown to ensure the survival of fish populations
during winter drawdown.

3. Encourage the adoption of bylaws for the protection of water
resources by all towns in the Forge Pond watershed. The bylaws
enacted by the Town of Littleton will serve as a useful guide.

4. Support the proposed limitation of phosphorus and other
pollutants in the effluent from the New England Apple Products
processing plant. Work with the company to improve water quality
downstream of the current discharge site.

5. Promote the removal of planktivores (panfish) from Forge Pond
by anglers, and conduct an annual or semi-annual panfish derby to
reduce planktivore stocks.

6. Conduct an education program to inform watershed residents of
the need to eliminate the use of phosphate detergents, avoid
overfertilization of lawns, and maintain/upgrade on-site
wastewater disposal facilities.

7. Investigate the detention characteristics of Mill and
Spectacle Ponds and evaluate the potential for improving outlet
water quality through physical modifications.

Recommendations #1 and #2 will be discussed further in the
next section of this report. Recommendations #3, #4, and #5
require actions at the town level which do not have readily
quantifiable costs. Recommendation #6 should consist of the
production and distribution of a brochure based on the
information in Appendix B, with follow-up public meetings for
questions and discussion. An associated cost of $10,000 is
estimated. The investigation of Mill and Spectacle Ponds
(recommendation #7) is included in the proposed monitoring
program for Forge Pond.
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DRAWDOWN AND DISCHARGE OF BOTTOM WATERS

Drawdown Plan
The existing subsurface discharge pipe is used to supply

water to the Murray Printing Company for non-contact cooling
(printing presses and air conditioners) and fire protection. A
concrete structure adjacent to the outlet spillway houses two
gate valves which control the flow of water into an open canal
(USACOE 1979). Each gate is about 1.5 m wide and 1.2 m high.
The canal runs roughly parallel to the stream channel below the
spillway, and has an overflow spillway which connects it to the
stream channel (Figure 26). The canal passes under Pleasant
Street and along side the Murray Printing Company building.
Another gate valve at the building controls the intake to a 0.91
m (3 ft) pipe which runs the length of the building and exits at
the east end, pouring water back into the stream channel (Stony
Brook).

A smaller (0.3 m, 1 ft) pipe shunts water away from the flow
through the building for use in non-contact cooling operations,
which require between 2.6 and 5.2 cu.m/min of water. This is the
normal extent to which Murray Printing Company exercises its
water rights. Water passing through the building was used to
generate power by passage through a turbine several decades ago,
but this facility is currently inactive. Water can be passed
through the canal and into the stream channel without affecting
operations at the Murray Printing Company plant.

The vertical limit of a drawdown is determined by the depth
of the approach channels, the depth of the gate valve openings
below the water surface, and the discharge capacity of the
subsurface outlet structure at various water levels. Of these
factors, the depth of the gate valve opening to the 0.91 m
diameter pipe appears to be the primary determinant of drawdown
potential.

Water needs (and rights) of the Murray Printing Company
dictate that the water level cannot be dropped to the bottom
elevation of the intake pipe. Even if water supply was not a
consideration, discharge capacity appears to be insufficient at
that level to sustain the drawdown under the winter flow regime
measured in this study. Older area residents recall sustained
drawdowns of up to 2 m, however, suggesting that discharge
capacity may be greater than that calculated.

If the water level is dropped such that the intake pipe is
two-thirds full (2 ft above its bottom elevation), an adequate
quantity of water would be passed to supply the needs of Murray
Printing Company and sustain the 1 m drawdown which would result.
It is recommended that a drawdown of this magnitude be attempted
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and monitored. The results can then be used to plan a long-terra
approach to macrophyte control.

With the gate valves fully open, the water level will drop
to the top of the gate valve opening (a 2 ft decrease in
elevation) within 5 days. The remaining vertical decline could
be very slow, depending on inflow rates. .It is not necessary to
affect the drawdown rapidly, and a gradual reduction of water
level elevation would be desirable to moderate downstream flows.
Partial opening of the gate valves is recommended, stretching the
drawdown out over about a month. Initiation of the drawdown in
late October should allow the target level to be reached by the
time temperatures decline sufficiently to allow ice formation.

As discussed previously in the evaluation of management
options, refilling the pond in the spring is not a problem. With
the gate valves open just enough to supply about 10 cu.m/min to
Murray Printing Company and Stony Brook, the pond should regain
its normal water level within several days. This refill period
could be stretched to several weeks, if the minimization of
downstream flow fluctuation is deemed necessary. Refill should
be initiated within several weeks of ice-out, to ensure adequate
spawning areas for fish during the spring.

Aim drawdown will expose approximately 20% of the pond
bottom, all in peripheral areas. Ice will be in contact with up
to another 10% of the pond bottom. Dessication and freeze out of
vascular plants in these areas is expected. Some regrowth is
anticipated, but affected areas should experience increased
utility for contact recreation. During drawdown the shoreline
would be approximately 5 to 15 m (16 to 50 ft) away from the
typical shoreline during non-drawdown periods. This should
provide ample opportunity during drawdown for improvement of
swimming areas, repair of retaining walls and docks, and other
activities facilitated by the absence of water. Physical removal
of macrophytes by shoreline property owners could increase the
effectiveness of a drawdown.

There is considerable literature describing the impacts of
drawdowns, much of which is summarized by Cooke et al. (1986).
Drawdown is viewed in that publication as one of the most useful
lake management techniques, as it can be very inexpensive (where
appropriate water level controls exist) and facilitates a number
of other management actions. The potential problem with oxygen
depletion under ice is noted, as well as the tolerance of some
plant species to drying and freezing. All major plant species in
Forge Pond are listed as intolerant of prolonged winter drawdown,
leaving maintenance of a suitable oxygen level as the primary
concern.
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An experimental drawdown of Forge Pond appears worthwhile,
as the potential benefits are great and risks can be minimized.
If successful in controlling macrophyte growths in swimming areas
and improving boat access, winter drawdowns could be used as a
management tool as needed. Monitoring of macrophyte cover and
density would be needed to determine regrowth rates and the
appropriate spacing of drawdowns, but this does not represent a
major expense, A drawdown of more than 1 m may also be possible,
if desirable. Monitoring of the experimental drawdown should
provide information useful in calculating the maximum drawdown
possible and desirable.

The details of performing and maintaining a drawdown must be
worked out with the Murray Printing Company, as it holds the
water rights to the pond and has specific water needs. These
needs do not appear to conflict with the proposed drawdown,
however, and representatives of Murray Printing Company have
expressed a willingness to cooperate in the management of Forge
Pond.

Bottom Water Discharge
Anoxic bottom waters are creating ecological and

recreational problems for Forge Pond during the summer and
winter. Winter anoxia poses a serious threat to fish life under
drawdown conditions, and should be mitigated before attempting a
drawdown. The preferred approach in this case involves the
discharge of bottom waters at a rate which precludes the
development of anoxia.

As discussed in the evaluation of viable alternatives,
bottom water discharge represents an economical long-term
solution to the severe anoxia encountered in summer and winter.
A target dissolved oxygen level of 6 mg/1 can be met much of the
time, while a level of 4 mg/1 can be achieved most of the time.
The oxygen concentration is not expected to drop below 2 mg/1 at
any time. This arrangement appears to be satisfactory for
reducing internal phosphorus loading, protecting fish life, and
preserving downstream water quality.

Since the current subsurface intake pipe has a diameter of
0.91 m (3 ft), the usable capacity of a bottom water withdrawal
pipe is already set. It would be possible to pass additional
water through the overflow spillway from the canal to Stony Brook
during the summer, but measured inflows during that time never
exceed the capacity of the 0.91 m diameter pipe. During a winter
drawdown the overflow spillway elevation would not be achieved.
It would therefore be logical to use 0.91 m diameter pipe as the
connecting line between the outlet and the deepest part of the
pond.
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There are several ways in which the connection could be
arranged, but the one presented in Figure 27 is satisfactory and
cost-effective. A concrete box structure would be built onto the
existing gate valve structure (adjacent to the outlet spillway),
from which the withdrawal pipe would extend to deep water. This
box structure would prevent water from reaching the gates except
through the withdrawal pipe, which would rest on the bottom of
the approach channel about 1.5 m below the normal water surface.
Water would be passively sucked from the deep portion of Forge
Pond when the gates are opened, powered by the head differential
between the water surface elevation and the bottom of the
withdrawal pipe outlet.

The intake structure in the deep portion of the pond should
incorporate devices intended to prevent clogging and fish
entrainment. Flow into the pipe is expected to be laminar, and
should not be powerful enough to pull in large objects or fish.
An appropriately sized grid should be sufficient to prevent
unwanted entry of fish or debris without clogging. The entire
intake structure will have to be set on driven piles or a
platform designed to "float" on the surface of the bottom
sediments. This will be the most challenging aspect of the Phase
II design process.

To maintain the target dissolved oxygen levels, as much
outflow as possible should be passed through the withdrawal pipe.
This pipe can be used to conduct and sustain the winter drawdown,
and could handle all of the summer outflow. Flow control could
be exercised at either gate valve location. It is likely that
the passage of some water over the spillway will be required to
maintain an aquatic habitat immediately below the spillway, which
may complicate drawdown procedures somewhat. Some trade-off
between lake management and stream management may be necessary.

The distance between the spillway and the outlet for the
subsurface drain is about 500 m. The stream channel has rather
high, vertical banks (channelized with retaining walls) in this
reach, with a cobble substrate and an average width of about 6 m.
The head differential between the pond surface and the stream bed
suggests the potential for substantial ground water flow into the
stream from the pond. The stream was never dry or stagnant
during the BEC investigation, despite negligible overflow from
the pond on several occasions. It is therefore unlikely that the
stream area between the pond outlet and the subsurface discharge
pipe outfall will ever dry up completely during hypolimnetic
discharge, but this matter deserves further discussion during the
design phase.

The withdrawal pipe can be installed under water, but the
concrete box structure which will create the head differential
necessary to drive the system should be constructed under nearly
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dry conditions. A metal sheet pile or sand bag dam could be
built around the construction site and the canal gates kept shut
to provide suitable construction conditions. It will be
necessary, however, to provide a continual water source for
Murray Printing Company, both for cooling and fire protection.
Water could be pumped from the outlet channel of Forge Pond or
from Stony Brook to satisfy these needs during the brief
construction period required.

Costs associated with the construction of a bottom water
withdrawal system are itemized in Table 15. The total
anticipated installation cost is $98,500. Assuming the project
is approved and funded by June of 1987, construction could
commence in the fall of 1987. A drawdown would be possible at
that time as well. If problems are encountered in the
arrangement of funding, acquisition of permits, or selection of a
contractor, construction of the withdrawal system could be
delayed for six months to a year. Drawdown would not be possible
until the fall of 1988 in that case.
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TABLE 15

COSTS ASSOCIATED WITH INSTALLING A BOTTOM WATER WITHDRAWAL SYSTEM

Task

Preparation of contract
documents and related
services

Estimated Cost ($)

8,000

On site supervision 2,500

Construction of a coffer
dam around the construction
site 3,800

Modification of spillway
walkway to accommodate
workers and equipment 800

Pumping of water Murray
Printing Co. during 2,200
construction

Addition of a concrete
outlet weir to the 3,200
canal gate structure

Installation of an
intake structure in
the deepest part of
the pond 5,000

Installation of 500m of
corrosion resistant pipe 65,500

Environmental assessment
permitting tasks 7,500

Maximum Percent
Reimbursable Under

Clean Lakes Program

75

75

75

75

75

75

75

75

50

Total Cost 598,500

Only the preparation of an environmental impact assessment
(if required, $5,000) is eligible for funding.
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MONITORING PROGRAM

A monitoring program will be necessary to assess the success
of remedial actions and aid in the formulation of appropriate
management policies. The elements of the program and associated
cost estimates are presented in Table 16. Measured parameters
have been kept to a minimum to reduce associated expenses, but
all parameters necessary to guide the management program and
document its progress are included.

Dissolved oxygen will be measured by meter, with volunteers
making frequent measurements at the in-lake station. A monthly
profile would be obtained by the organization responsible for
performing monitoring services. Total and ortho-phosphorus are
the other critical control parameters. These would be measured
on a monthly basis at the Beaver Brook and Gilson Brook inlets,
at the in-lake station, and at the outlet. Flow would be
assessed at the inlets and outlets using staff gauges,
facilitating loading estimation. Water clarity will be assessed
with a Secchi disk. Both the Secchi disk and flow measurements
could be made on a weekly or even daily basis by volunteers
living near the pond.

The distribution and density of macrophytes should be
evaluated each year in August by a trained team. Observations by
a scuba diver, including collection and weighing of plant mass
per unit area, should be included. This assessment will allow
evaluation of the success of drawdown in controlling macrophytes.

A special investigation of the detention effectiveness of
Mill and Spectacle Ponds is also proposed. During each of two
dry periods and two wet periods the inlets and outlets of these
ponds will be sampled. Analysis for pollutants of interest
(e.g., phosphorus, nitrogen, BOD) will be performed. The
bathymetry and depth of soft sediment will also be evaluated.
Flow measurements will also be made. The detention time and
removal efficiency will be calculated under various hydraulic
conditions, and the potential for improving the quality of outlet
water through dredging, outlet modifications, or other means will
be evaluated.

The cost of conducting this program in its initial year is
estimated at $24,120 (Table 16), but the cost in subsequent years
would be only $13,820. After several years of data collection,
the program should be further modified to reflect monitoring
needs at that time. Coordination with the monitoring program
currently conducted by Littleton Light and Water Company could
strengthen the data base and resulting conclusions, and is
recommended.
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TABLE 16

PROPOSED MONITORING PROGRAM

Parameter

Dissolved Oxygen

Total Phosphorus

Orthophosphorus

Flow

Secchi Disk
Transparency

Macrophyte
Distribution &
Density

Stations*

F-l, F-3,
F-5 (Profile)
F-6

F-l, F-3,
F-5 s & b,
F-6

F-i; F-3,
F-5 s & b,
F-6

F-l, F-3, F-6

F-5

Monitoring
Frequency

Weekly-Monthly

Monthly

Monthly

Daily-Monthly

Weekly

Once/Year
in AugustWhole Pond

Sub-total

12 sampling trips by 2 people @$400/man-day

Special investigation of detention effectiveness of
Mill and Spectacle Ponds (sampling of 5 stations on
4 occasions, preparation of bathymetrie and sediment
isopach maps)

Reports/Meetings

Total Cost

Approximate
Cost ($) in
Initial Year

S 1,300 (Meter)**

600

600

200 (gauges)**

20 (disk)**

1,000

S 3,720

9,600

8,800**

2,000

$24,120

*See Figure 1 for station locations

**Initial cost only. Annual costs in subsequent years need not
include these expenses. Approximate annual cost after initial
year is therefore $13,820.
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FUNDING ALTERNATIVES

Several sources of funding may be available for management
activities in the Forge Pond watershed (Table 17), but the Clean
Lakes Program represents the single most versatile source of
support. Special grants from the Massachusetts Department of
Environmental Quality Engineering or the federal Office of Ground
Water Protection may also be available for activities relating to
the prevention of ground water contamination, but the initial
funding needs of the proposed project could best be met through
the Massachusetts Clean Lakes Program.

Up to 75% of the costs associated with capital investments
in the management of the pond are reimbursable under the Clean
Lakes Program. Maintenance and operation expenses are not
reimbursable, affecting the choice of management alternatives in
many cases. Expenses associated with actions covered by other
programs are not reimbursable unless it can be demonstrated that
funds could not be obtained from the appropriate programs.

There is no known program which provides aid to towns
wishing to develop bylaws for pollution abatement, although
specific recommendations often result from studies such as this
one. Consideration of the bylaws enacted by the Town of
Littleton, with appropriate modifications as warranted, is
recommended as a short-cut to the development of an effective
regulatory climate. Considerable effort by town personnel will
still be required, however. The proposed education program is
eligible for Clean Lakes funding, and should aid the formulation
and passage of appropriate legislation.
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TABLE 17

Potential Funding Sources for the Proposed
Management of Forge Pond.

Source

Massachusetts Clean Lakes
Program (Ch. 628 of the
Acts of 1981, DEQE)

Federal Clean Lakes Program
(Sec. 314 of PL 92-500, OSEPA)

Rivers and Harbors Program
(Division of Waterways, DEM)

Small Watershed Protection
Program (PL 83-566, SCS)

Resource Conservation and
Development Program
(Food & Agric. Act of
1962, SCS)

Federal Land and Water
Conservation Fund;
Division of Conservation
Services, EOEA (Federal
Pass Through)

Mass. Self Help Program
M.G.L. Chap. 132A, Sec. 11
(DCS/EOEA)

Aquifer Lands Acquisit ion
Program, Ch. 286, Sees. 5
20, Acts of 1982 (DBQE)

Funding
Level

75%

50%

75%

(up to)
100%

100%

50%

Office of Ground Water
Protection, USEPA, Region I

(up to)
80%

100% £or
studies to
$50,000;
Total
grants up
to $250,000
including
purchase

(Up to)
100%

Notes

Sound Program; July 1
application deadline;
likely source.

Financially restricted;
few new projects accepted.

Recently reorganized, Jan.
15 deadline. If renewed in
subsequent FY appropriations
it could supply 50% funding

Requires high cost-benefit
ratio; project likely to have
low priority.
Funding cutbacks proposed.

Requires established RC&D
district, limited funding
opportunities at present

Acquisition of lands for
outdoor recreation; could
be useful under certain
land use approaches applicable
to the Forge Pond watershed.

Grants to Conservation
Commissions for Land
Acquisition; need an approved
open space plan. Funds
available.

$10 M obligated to 26 towns
to date; $4.25 M available.
Potentially very appropriate
in the Forge Pond watershed.

Money to be distributed to
qualifying towns for
monitoring, particularly with
regard to landfills.
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CONTACT AGENCIES

Funding by the Massachusetts Clean Lakes Program requires
review and approval of this document by the Division of Water
Pollution Control, Division of Fisheries and Wildlife, and
Massachusetts Historical Commission. The petitioning
organization (Town of Westford) must provide evidence of public
access and either ownership or approved access to the
construction site. An arrangement with Murray Printing Company
will be necessary, but does not represent a serious obstacle
under the current atmosphere of cooperation. Most activities
will be coordinated by the Westford Conservation Commission.

An intermunicipal agreement between at least Westford and
Littleton will probably be requested by the Clean Lakes Program.
Involvement of other watershed towns would be desirable in terms
of promoting active involvement, but may slow the initial funding
process down. The formation of a watershed management committee,
chaired by a representative of Westford, is recommended.

Permit requirements necessitate review and action by the
Executive Office of Environmental Affairs (MEPA unit), Westford
and Littleton Conservation Commissions (regarding actions in
wetlands), the Division of Waterways/Wetlands Regulation
(structures in great ponds), the Division of Water Pollution
Control (water quality certification), the U.S. Army Corps of
Engineers (regarding fill materials in waterways).
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ENVIRONMENTAL EVALUATION

Environmental Notification Form
Appendix C contains the Environmental Notification Form

(ENF) which must be filed under the Massachusetts Environmental
Policy Act (MEPA). The MEPA unit will evaluate the proposed
actions and their potential impacts and make a determination
regarding the need for an impact study prior to implementation.
The ENF also serves as a useful summary document for the project.
Preparation of a detailed Notice of Intent, which is filed with
the Conservation Commission under the Wetlands Protection Act,
may satisfy questions likely to be raised by the MEPA unit staff.
It.will be important to address downstream flows and water
quality and the impact of the proposed drawdown/bottom water
withdrawal operation on the ecology of Forge Pond.

Comments by Interested Parties
Copies of this report were sent to the Westford Board of

Selectmen, the Westford and Littleton Conservation Commissions,
the Matawanakee Lake Association, the Forest Community
Association, Littleton Light and Water Company, the Division of
Vlater Pollution Control, the Division of Fisheries and Wildlife,
and the Massachusetts Historical Commission for review. Comments
by these parties have been addressed in this report or appended
to it (Appendix D), as warranted. Written and verbal comments
recieved by citizens and agencies during the course of the
project have also been addressed and/or summarized.

To date, two public meetings and numerous informal
discussions have been conducted by EEC in the Town of Westford.
Participants were encouraged to express their views and make
recommendations. Local support for the project is strong,
although the intermunicipal nature of the pond and pollution
sources complicates the organizational approach to the management
of the watershed.

Only one issue was brought up at the public meetings which
has not been addressed in this report. Interference among pond
users and uses has pointed out the need for people management at
Forge Pond, but there is no set of regulations governing all of
the users or facilities at the pond. There has been some
discussion of alternatives at the local level, but no pond-wide
action has been taken. It was the majority opinion at the last
public meeting that EEC, Inc. should remain neutral on the social
issues facing the involved communities, since there was no
scientific evidence to support regulation of any pond use.
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Necessary Permits
To obtain funding through the Masachusetts Clean Lakes

Program, it will be necessary to obtain a certificate of title to
the project site, or proof of an arrangement to allow work on the
site. This service can be performed by the town counsel in most
cases. It is important to note that control of the subsurface
withdrawal pipe must remain with the grantee for that project
element to be funded under the Clean Lakes Program.
Certification of public access is also required. Approval from
the Division of Fisheries and Wildlife and the Massachusetts
Historical Commission (letter responses to this report) are also
required under the Clean Lakes Program.

The proposed drawdown may require the approval of the
Division of Fisheries and Wildlife, but no opposition is
anticipated from that agency, given the timing and magnitude of
the operation, and the proposed mitigation of the oxygen
problem. The drawdown will require an Order of Conditions issued
by the Town of Westford, and may require one as well from the
Town of Littleton. Review and approval by the Executive Office
of Environmental Affairs is also necessary. Most important is
approval and agreement (Memorandum of Understanding) by Murray
Printing Company, which owns the water rights to Forge Pond.

The proposed bottom water withdrawal operation will require
the same approval process as the drawdown, but will also require
some state level permits related to the construction of the
withdrawal system. The Division of Waterways/Wetlands Regulation
will have to issue a Chapter 91 Waterways License for the
construction of a structure in a great pond. The U.S. Army Corps
of Engineers will render a decision on the applicability of a
Section 404 Permit to the project. The Division of Water
Pollution Control will have to issue a Water Quality Certificate
for the project to proceed, declaring the project consistent with
water quality goals. No substantial opposition is anticipated in
the acquisition of any of these permits, although the process is
not always predictable.

Relation to Existing Plans and Projects
The proposed management plan is entirely consistent with all

stated objectives and community-sponsored activities in the
watershed. In particular, the proposed plan depends on improved
treatment of wastes by New England Apple Products and the control
of future land use by town bylaws. The proposed in-lake actions
are intended to improve in-lake conditions without significantly
impairing downstream flows or water quality. Some trade-offs may
be necessary to affect an overall reduction of pollution in the
watershed and improved conditions in Forge Pond, but the proposed
project represents responsible environmental management.
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FEASIBILITY SUMMARY

An evaluation of possible management options was conducted,
and those alternatives which where inappropriate or infeasible
were eliminated from further consideration. Remaining options
for the control of macrophytes included harvesting, bottom
covers, and drawdown. Potentially viable alternatives for
improving the oxygen concentration in bottom waters and reducing
phosphorus release from anoxic sediments include aeration with or
without destratif ication, chemical treatment of sediments, and
withdrawal of bottom waters.

Improved treatment of the effluent discharged from the New
England Apple Products processing plant, control of land,use to
minimize pollutant inputs to the aquatic system, and proper
management of residential wastewater disposal systems are viewed
as the major watershed management techniques to be applied. It
may also be possible to improve the pollutant removal capacity of
upstream ponds (Mill and Spectacle Ponds) through physical
alterations, but further study is needed in this regard before
action can be taken.

Based on a comparison of technical and economic factors, a
program including drawdown and withdrawal of bottom waters is
recommended. Education of watershed residents regarding the
impact of their actions on the aquatic ecosystem and their role
in protecting it is also recommended. Watershed towns are also
encouraged to support the proposed effluent limitations for the
New England Apple Products plant, formulated by the Division of
Water Pollution Control. Bylaws similar to those enacted by the
Town of Littleton for the protection of ground water resources
should be adopted by other watershed towns and expanded to apply
to surface waters as well.

While in-lake actions are expected to yield directly
observable improvements in pond features, equal or greater
emphasis should be placed on the watershed level management
actions, as they are critical to the long-term health of the
system. The results of in-lake efforts .could be reduced or
negated by future degradation of tributary waters. Restoration
of acceptable water quality in Forge Pond requires improving
water quality throughout the watershed on a lasting basis.

An implementation monitoring program is provided for the
purpose of assessing progress and documenting changes resulting
from management actions. Included is a special survey designed
to provide the information necessary to evaluate the potential
for additional pollutant removal by Mill and Spectacle Ponds
through physical modifications. The monitoring program includes
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elements which would involve local citizens in the assessment of
pond condition, resulting in greater environmental awareness and
a cost savings.

A tentative implementation schedule and associated costs are
presented in Table 18. Costs associated with the monitoring
program and the production and dissemination of an educational
brochure are included. The total determinable cost of the
management program is,$146,440. Monitoring costs over a two-year
period account for $37,940 of this total. The unknown costs
associated with the development of new land use regulations and
other legislative actions are not included, however. Potential
funding sources have been discussed, with the Massachusetts Clean
Lakes Program targeted as the likely primary source. An
application process has been initiated.

The anticipated impacts of proposed management actions on
the phosphorus budget of Forge Pond are presented in Table 19.
While the drawdown is primarily intended to reduce macrophyte
abundance, other proposed actions are aimed at controlling
phosphorus inputs and thereby managing dependent pond features
such as algal abundance. The effect of proposed actions on
phosphorus loading is therefore of great importance.
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TABLE

SUMMARY OF MANAGEMENT ACTIONS, IMPLEMENTATION SCHEDULE, AND ASSOCIATED COSTS

Task

Final funding
arrangements,
permits obtained

Design and bidding
of withdrawal
system

Construction of
bottom water
withdrawal system

Drawdown/bottom
water withdrawal

Monitoring program

Education program

Pollution abatement
actions by towns
or state

Summer Fall Winter Spring Summer 1988-
1987 1987 1987-88 1988 Spring 1989

7,500

8,000

83,000

X X X X

9,620 7,100 3,700 3,700 13,820

10,000

X X X X X

Total Cost
($)

1
7,500

8,000

83,000

37,940

10,000

9

Total Cost ($) 35,120 90,100 3,700 3,700 13,820 $146,440



TABLE 19

ANTICIPATED IMPACTS OF PROPOSED MANAGEMENT ACTIONS ON THE
PHOSPHORUS BUDGET OF FORGE POND

Total phosphorus load (kg/yr) 1331
Calculated critical load (kg/yr) * 724
Calculated permissable load (kg/yr) ** 362
Reduction necessary to reach critical load (%) 46
Reduction necessary to reach permissable load (%) 73

Anticipated reduction (%) resulting from:
Elimination of internal loading

(hypolimnetic withdrawal) 17
Compliance by NEAP with proposed effluent standard 17-23
Land use regulation and management of on-site

waste water disposal systems 10-20

Total anticipated phosphorus load reduction 44-60

* Load above which excessive productivity is expected on a
frequent basis.
** Load below which excessive productivity is expected only very
rarely.
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APPENDIX A

DEED RESTRICTIONS AND ASSOCIATION ACTIVITIES IN THE MATAWANAKEE
DEVELOPMENT
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DEED KSSmCTJOHS -.LAJC5 y.VTAW\NAKE2

1. No tents or trailers, or temporary buildings, may be placed on said lot.

2. All buildings erected thereon shall "be placed and set back not less thr.n
25 feet from the street Una, provided that steps, vindovs, porticos and
projections appurtenant thereto, nay be vithin said distance, nor vithin
8 feet from the line of the adjoining premises, nor shall any dwê -ling
be Of dimensions less than 20 feet by 2U feet.

3* There shall be no building constructed or erected on this property other
than one-family dwelling, with private garage aDd boax house, for. private
use only, which must conform vith said dwelling- All buildings constructed
of wood or metal must be shingled, stained, or painted with two coats of
paint.

1*. There snail be no livestock, animal or poultry, kept or maintained on the
premises other than household pets.

5. The parcels hereby conveyed shall be used only for residential purposes.

6. No outside toilst shall be erected on the premises, cor shall signs for
advertising purposes be erected or placed on the premises.

7. Ifcat no building or structure shall be erected or constructed on said
premises unless the plans therefor have first bean sribnitted to and
approved In writing by the naid Grantor. (How Lake liitawanakee Association,
Inc.)

8. Every structure, or addition thereto, stall be "built upon a masonry foun-
dation.

9. Ihat sewage from any buildings erected on the premises shall be cared
for by the owners or. occupants instilling a septic tank which shall at
all tidies be salntained in a proper sanitary condition, and that no privy
vaults or cesspools shall be cainteined on said premises.

10. All structures must coriply with municipal and ̂ overnmental laws,
and regulations and if any restrictions or conditions herein do not comply
therewith it shall not be construed as a waiver "by the Grantor of compliance
vith such laws, ordinances tnd regulations.

11. ' The foregoing restrictions shall be deemed and considered covenants run-
ning vith said premises end shall bo binding upon tlie Grantees, heirs,
executors, administrators, end assigns.

The Grofitor reserves the privilege and right to iĵ arit easements and give
authority to any ccrrpanies or rarnlclpalitins to ins-till electric, telephone,
telegraph poles ond wires, gas £,nd water cnins, severs end to such co2nan5es
or municipalities to operate end, oaintaln its equipment. over and la any ar.d
all roads, streets, avenues, or ways as shown en sci-l plan of LAKE MA.TAWA*:AKEE
SHORES, as veil a3 in and on lot. or lots of land heruinubove deacrib-sa.
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LAKE MAIAWANAKEE ASSOCIATION, INC.
History of Formation and Highlights of Activities

(All dates listed are Membership meetings -unless otherwise noted)

June

Lake Matawanakee Association formed.
Mr. Joseph Fournier elected first president
(Mr. Fournier lived where Mr. Puffer now resides.)
Number of members .
Mrs. Elizabeth Pollary, founder, was elected secretary.

Jtme 22.

Private Property signs — Beach rules:
No vehicles on "beach road.
No children allowed on "beaches alone.
Ho refuse to "be left on "beaches.
Be careful not to "break glass on beaches.
Some sort of alarm to be instituted.
No open fires.

June 29. 19̂ 7 *

Association advised "by Town that there was no possibility of getting town
water into Hie development in the foreseeable future.

Mr. McDonald, Electric Ligit Dept., stated that the possibility of electricity
being run into the development was one or two years off.

Francis Flaherty appointed Special Police Officer of the Town by Selectmen
at request of Association.

Name of organization decided upon.

July 20,

Twenty-three persons signed applications for electricity

August 10,

Dues established at $12*00 per year or $1.00 per month.

Need for safety equipment at beaches.

Electric Ligjrt Department Superintendent McDonald estimated a cost of $5*000
to install electric lines and poles on all streets.

Further stated that 67 customers would be required initially at the time the
electricity is turned on.
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August 10, 19VT (cont'd.)

Following members were appointed as an ELectric Committee:

B* L. Whittemore, Chairman
Harold Balcom
Harold Dixon
Charles White

Electrician)

Painting Contractor)

A tentative agreement was reached with the Town of Littleton Electric
Department*

Total cost of project $5,000
Town pays $2,500
Lot owners pay 2,500

Lot owners' share to "be paid to the Town "before orders for material are placed.

May 9.

Electric Committee reported 20 as having paid an amount of $25, $50, or $75
towards the fund required to be furnished by the lot owners.

The Committee reported tiiat Lake Properties Inc. had agreed to loan -as $1,000
towards this fund, said amount to be paid back within one year.

Total amount collected - $2,000. Town was asked to accept this $2,000 as our
share, it "being short by $500 of the original $2,500 requested. Town agreed
to accept the $2,000

June 27.

Necessity for forming a corporation to protect lot owners against possible law-
suits.

August 1. 1948

Bert Whittemore elected second president. Helen Flaherty, Secretary; and Herb
Brooks, Treasurer*

order of "business was to set up by-laws . Tentative by-laws distributed
in advance. Considerable discussion. 12 .precinct representatives elected.

ELectric Committee reported 1(0 people had paid a total of $1,000 and that 25
more would be necessary making a total of 65. All 65 lot owners must file
applications and be receiving electricity at the minimum charge of $9* per year
within one year following electricity being available if we are to have the
lot owners1 share returned.

June 26,

Beaches considered main project. Sand applied. Roads second on list.

Electricity was reported as being available.
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September 11,

130 Invitations sent out inviting lot owners to Join Association. Two replies.

A reduction in dues was suggested*

President Whittejnore reported that our Corporation Charter had been received
and we were now known as The Lake Matawanakee Association, Incorporated*

August 6. 1950

President Whittemore asked for opinions regarding enforcement of deed restrictions.
Unanimously voted that the Board of Trustees "be instructed to see that the deed
restrictions are fuHy complied with.

Voted that Association keep a record of utilities and equipment "buried within
our public ways.

Kaarlo Manni requested and received the right to experiment on the weeQ. problem
at Beach #3.

Voted to appropriate $50 for snow removal. Manni, Lovejoy, SrisseUe, Bennett,
Richard, Towle, and O'Leary committee in charge.

10 MPH speed limit suggested.

August 19. 1?SO (Board Meeting)

Detailed report "by KLectric Committee on formation of Electric Committee.

September 10. 1950

It was reported that our electric deposit had "been forfeited, we having needed
to more users of electricity and only had 23.

Voted to continue fee of $50 for new electric subscribers ($25 to "be returned)
until our obligation to Sun Valley Beach has "been eliminated. Thereafter all
applicants to pay an unreturnable fee of $25 until sufficient funds are received
to reimburse $25 to *>n persons who had contributed $50 or more. Voted
unanimously.

It was decided to formulate a Welcome letter with pertinent history of the
development and distribute to newcomers and other non-members.

A local news letter to be known as the RIPPLE was suggested.

The problem of non-property owners using the beaches was discussed*

Because of fire hazard brush clearing projects planned.

May 15, 1951 (important aate) (not a meeting)

Lots 198, 199, 200, 201 and 202 deeded to Association.
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April 6, 1951 -(Board Meeting)

Story on Pollary Park — Letter from Whittemore.

June 2k t 1951

Voted to name Lots 198 thru 202 on Matawanakee Trail at entrance to development
as Follary Park in memory of Elizabeth Follary, deceased from cancer and the
founder of the Association.

Welcome letter inaugurated.

Road work project continued.

September 16. 1951

Reported that a catch "basin and drain had been installed by members of the
Association at O'Leary's corner.

Beach #2 repairs (page 3)

Criticisms in the construction of Beach #2 were registered (page 3)

A list of future objectives submitted, (page 6)

Board of Trustees given full power to authorize expenditure for beach development.
President KLaherty cautioned that no contract may be signed for more than three-fourths
of treasury without membership vote.

June 8, 1952

Recommendation by Road Committee Pearce, Brooks, Manni, Richard and Whlttemore
to petition town to accept roads under Betterment Act. Membership voted in
agreement.

Report of Building Committee regarding enforcement of deed restrictions. Signed
by Porter, Manni, and Whittemore.

September 7. 1952

Reported that the rights and provisions in the deeds requiring submission and
approval of building plans and the authority for enforcing deed restrictions
now resting with the developer had been assigned to the Lake Matawanakee Association
and was legally recorded with the Registry of Deeds as of July 22, 1952. (page 4)

Reported 12 acres and 46" rods of land west of Gilson Road had been purchased
and deeded to Association (August 29, 1952) — Picnic area.

Price on use of sand from pit set (page 5)

Kaarlo Manni elected Vice President.

Proctor - Finance Committee - Club House fund (page 2)
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May 10, 1953

Special membership meeting relating to excavation of Poliary Park for road
building "by town.

August 9. 1953

Raft furnished "by Harold Anderson deemed unsafe and ordered removed, (page U)

September 27. 1953

Expense of road work discussed, (page 3)

Amendment to "by-laws regarding Building Committee adopted, (page 2)

Building Committee to request Town not to issue permits until full approval
"by Committee. Manni, Chairman (page 4)

July 18, 195_U

Reported that roads were accepted "by the Town (1953-1955) (page 3)

Motor boat problem. Town Hearing (page 5)

Complaints of dogs on beaches (page 6)

May 15, 1955

Special meeting on Beach #1 improvements.

September 25, 1955

Beach #1 expenses reported: Paid by Association $390*0°
" M other sources 18.05

Installation of drain
pipe by Asso. earlier 111 .60

Total Cost $519.6̂  (page 4)

June 10. 1956

formation of Forge Pond Boat dub. (page 4)

Heed for Club House — Report by Ckley Davis (page k

August 11. 1957

Report of Board of Health approval of Club House disposal system, (page 2)

Social calendar 1956-1957* (page 2)

Reported as requesting 9 street limits and within two weeks we had received 23 (page 3)

Tax reduction on Beach #1 discussed, (page 6)
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September 29, 195T

Duties of Secretary spelled out — special report "by Secretary.

May 7. 1958 (Board Meeting)

Special Board of Trustees Meeting regarding Club House* Adam and Roche,
Finance Committee report. Voted not to "bring to membership.

June 22, 1958

Stony Brook Water Company lien, (page k)

Voted to send Board meeting minutes to paid members*

September 21, 1958

Proposed amendment to Article 5 - Dues that they be reduced from $12 to $6 per
year, (page l)

Proposed amendment to add Club House Committee to Standing Committees, (page 2)

Reported serious brush fire on Wannalancit Trail. (Mclntosh)

Social and money-raising activities for Club House, (page k)

Page 8 (Jack Adam proposed for President - declined.
(Qkley E&vis " " " - "
(George Beaupre « » » »

Larry Pearce elected President

Rita Silveria received membership approval to carry on a Stanley Party for Club
House Fund, (page 9)

June 7* 1959

Mrs. Ckrleton Porter reported selling cards, (ifet profit to dub House Fund - $8
reported 9/20/59)*

Rita Silveria(replacing Stanley Party) reported selling "Sparkling Snow" an̂
moth cakes. Net profit to Club House Fund $.9.40 (page 2)

Final action on dues amendment to reduce to $6 defeated. 2U opposed; 10 in favor.
(pages 3 and 4)

Suggested amendment to Article 7 -- a new Standing Committee (Club House Committee)
adopted, (page 5)

Suggested amendment to Article k -- President to appoint all members of all
committees, (page 5)
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June 12, I960

Comments Invited by non-members, (page l)

Beach rules discussed and adopted, (page 2, k, 5)

Mannl division of lots along brook. Board of Health contacted because of
possible health menace, (page 5)

July 23. I960 (Board of Trustees)

Beach Committee report by John Scott:

Baffle by Women's Club (page 2 & k)
Purchase of wrong buoys (page 3)

September 11. I960

Proxy problem (Scott) (page l)

Proposed amendment on "Proxy Votes" (page 2)

Addition to Beach Rules (page 5)

September 9, 19&1 (Board of Trustees)

Report by Bert Whittemore as a committee of one on rigits and privileges
relating to Great Ponds. •

September 17. 1961
Board of Trustees given full authority to set starting date of dub House. Unanimous
Proxy vote amendment adopted, (page 2) (page 9)

Building Committee report of its actions regarding improvement in development
and requesting verification from membership, (page 4)

June 24, 1962

Club House Committee recommended wood construction on concrete slab, (page 3)

September 23, 1962

ELectric Committee report.

Enforcement of deed restrictions, (page 5)

Prepared for special member and non-member meeting at VFW Hall* June 26, 1963
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OSES LAKE MATAWAHAKEE ASSOCIATION, IKC.
AED

re Kama TO OUR

The Lake Matawanals.ee Association, Inc. was incorporated -under the lavs of
the Commonvealth of Massachusetts on May 3> 19̂ 9- During that time many inter-
ested and dedicated people have served as officers, chairmen, end/or eoaraittee-
men and have performed many specially-designated duties necessary to keep the
Association active, progressive and respected within 'the community and tire Town
of Littleton.

The Lake Matawanakee community, which started as a summer residence develop-
ment, has grown into what most of us consider to be a well-balanced, year-round
residential section of the Town of Littleton, fortunate enough to be located on
an excellent lake which provides uany of the pleasures that thousands of other
people go many miles and pay hundreds of dollars to enjoy.

The development was opened in 19i:-5 by a company known as Lake Properties, Inc.
who, a short time later, merged with its parent organization, Sun Valley Beach,
Inc. Three parcels of land were purchased by the developer and sub-divided into
lots as we knov the area today. The process of subdividing land, as you may or
may not know, requires consideration anci approval by a local planning board; in
this case, the Town of Littleton Planning Board.

The developers were foreeighted enough to vrlte into their deeds certain
restrictions which prevented deterioration of property values by careless or
irresponsible practices. Iftaese deed restrictions no doubt impressed the ?lanning
Board, as it most certainly did the original and subsequent purchasers of property.
It is safe to say that many lot owners tsould not have purchased their property if
these restrictions had not been incorporated into the deed. This fact was crrpha-
sized when the first few homes built by individ̂ .13 were of a much better quality
and of higher value than the several sample dwellings erected by the developer
to demonstrate the minimum type house required by the deed restrictions.

The original buyers of property in M&tawannfcee cane from ell walks of life
economically and from the general geographic aree: of eastern Massachusetts. They
were typical Kev England people, predominantly from the more thickly settled
cities. They were people who were tired of city life and desired to get out into
the country where they could stretch a little and relax a lot by enjoying tto
pleasures that nature provides.

Among those people who bought property here was Mrs. Elisabeth Pollary, a
veil-educated person of moderate means. Beth Pollary, along with her husband .
and daughter , was a very friendly person who made friends easily and veil. She
soon recognised the need of cocscucity effort in this new small and soEewfcat
geographically exclusive area, and took the first stops to call the new lot owners
together to decide on a course of action. A second iceeting was called soon after
and every known lot ownere was invited to attend. At this meeting the Lske
Jfetawanakee Association was formed. Two years later the Association was incorpo-
rated under the laws of Massachusetts and became the Lake Katavanakee Association,
Inc., a non-profit organization.

Many problems confronted the property owners once the developer had disposed
of his interests in the area. During the process of selling, the saleemen and
the owners of the development painted a pretty picture and mads attractive promises
in relation to public facilities such as electricity, telephones, beaches, roads,
and town services, most of vhich bogged down almost to a standstill.
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Within a year's time of the initial opening of the developnent it became
evident that electricity was going to be slov to get in spite of the developer's
promise to the contrary. Telephones were contingent on the installation of the
electric lines. Roads during the winter were impassable without the efforts of
•the property owners to keep them open. Being private ways, town trucks were
permitted on them only under conditions of emergency where danger to public health
and safety were involved.

Beaches were simply accesses to the water's edge and needed considerable
Improvement to assure relatively safe use for bathing purposes.

Small roughtly-put-together buildings were appearing on several lots, sone
as temporary tool houses (which were permitted), but others were used as houses
and not permitted by deed restrictions because of their size and construction;
some were obviously privies, decidedly unhealthy and specifically prohibited by
the deed restrictions.

Inexperienced people were installing do-it-yourself sewage disposal systems —
a well meaning effort but dangerous because of the potential future health menace
due to unrecognized defects.

It was evident, too, that the developers become less and less concerned about
enforcement of the deed restrictions as they neared the completion of their
property sales. Enforcement would then be up to the individual property owners
whose personal rights and property values would be affected. Such protection of
rights could lead to court action, an expensive and unfamiliar procedure 'bo most.
Such ection by one neighbor against another could also prove very unpleasant.

The tovn has no Jurisdiction over deed restrictions. Deed restrictions in
moat cases, as they do here, go beyond the town by-lavs anfi can only -be adminis-
tered by the action of those whom a violation directly affects. Ksmbsrc of the
newly formed Association were quick to realize tho potential result of weak enforce-
ment of the deed restrictions and Immediately set about to protect themselves.

In due course and vith the cooperation of the developers, the right to approve
plot plans cud enforce compliance vith deed restrictions was legally transferred
from the developer to the Lake ̂ 3atavanakee Association, Inc. At the same tima
all authorities and Jurisdiction relating to ways (roads) and beaches (vater
accesses) vere legally transferred to the Association. This insured that long
after the developer ceased to operate, a legal authority would still exist having
the right to approve plans and supervise the use of private ways and lands. It
further insxired the right of all persons owning land within the development to
use the beaches in accordance with the wording of the deed and would prohibit
the chance o.f one person's use interfering with the right of use by other persons.

Members of the Association were quid; to realize that the services asd improve-
ments needed would have to be acquired through diligent planning and concerted
group effort.

At about this time the Association was in the process of being incorporated.
A committee was appointed to draw up by-laws and set forth the aims and pvrposes
of the Association. The objectives of the Association had to be duly stated and
the by-laws designed to properly control its activities legally. The by-lava
that were finally adopted were considered quite complete with a long-raae;? outlook.
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Standing committees were set -up to provide for all activities for wliicn
the Assocfc-tion felt responsible,

Under tlie "by-laws, the development is divided into six sections called
precincts. Efech precinct ejects tvo representatives to the Board of Trustees
for three years. Ths Association has no control over whom is elected from any
precinct provided he or she is an active member of the Association and in good
standing, or unless the precinct fails to elect e representative. In th:".3 c£.se
a candidate io nominated and elected by the membership at an annual meeting to
represent that precinct on the Board of Trustees.

The officers of the Association are nominated and elected from the duly
seated mcnbsrs of the Board of Trustees by the membership at an annual meeting.

It is believed that this method 01 representation insures against tha pc,ck-
ing of the Board by a pressure group dsi tends to be moot democratic. Regard-
less of the number of people in a precinct they still hold only two votes on
the Board,

There are certain fixed annual expenses such as taxes and operational costs
that are necessary to be paid, and a certain safe reserve is set aside each year
to meet these an3. other unforeseen expenses. All other monies received from dues
are used for continued ImproveEent of the so-called public areas, public only to
Lake Matavanakee area residents. All other activities are paid for by special
event incorss patronize! by mentors, non-members, and their friends.

As we glance back over the accomplishments of the Association and the work
of the cons£it'l3e3, we find a great of which to "be proud. We list some of the
outstanding ones:

1. Complete electric service, available tc every lot in the development
without further cost.

2. Reads >;ere maintained and kept in good condition for both summer aaci
•winter use by the Association until the Tovrt of Little-ton, upon *ihe
petition of th3 Association, took thê  over an public ways and brought
thsin all up to present d&y standards. Kauy still undeveloped lo':is ere
bounded "by first-class roads. Many "towns vill not build permanent
reads until taxable homes have first been built.

3. Telephone service is completely available.

4. Beaches have been made attractive for limited use by low owners, but
off-limits for anyone outsido the development, and are being maintained
in a clean and safe manner. Safety devices ere provided at the expense
of the Association to assist in ce.se of and to prevent accidents. Annual
improvements are made to beaches as firances through dues income provide.

5. Twenty-two street lights vere furnisheo by the Tovn after we had recuested
E ffiinirauffl of six. (ifevins caused the Town very little trouble s;.nc£ our
existence, we feel that this gesture plus oth3rs that ve have enjoyed is
an honest indication of the faith and respect the Tovn holda for us. Via
hope it continues that vay.)
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6. Mall delivery was solicited and procurred through the efforts of the
Association.

7. School buses coae directly into the developaent rather than cause the
children to go out to Route H9«

8. Two fire hydrants were installed and severe! fire extinguishers were
furniehed and placed at various points within the development through
cooperative efforts of the Association and the Tbvn.

9. Two of our residents are duly appointed police officers of tlie Town.

10. Street drains were installed near each of two beaches prior to the roads
being accepted by the Tovn In order to eliminate a bad flooding condition.
Material was furnished by the Tova and Itbor was furnished "by the Association.

11. 5fce cocssunity is dominated with many attractive all-year-round hazmo due
to the foreslghtedness of the Association and its numbers.

12. Attractive grounds and constant improved surrounding are being effected
by hoEie owners who have pride in the appeerance of their homes.

13- Ifosightly conditions are being discouraged by the Association and are fast
disappearing.

Iki Pride of ownership, protection of rights, and pride of accomplishment is
the theas as the Association continues to encourage the building of a
better community.

During the many years since the Association has been in existence, especially
during the first ten years, many largo anfl friendly Gatherings ware held. During
that tins many hones were being built slovrly er.d they served as areas large
enough in wfcich to hold fairly gooS-sized gatherings. Kot "being finioMd homes
at the- tins, it never posed excessively extra rorlt for the host or hostess and
therefore the gatherings did not become a burden. Everyone knew most e-reryonc
else and there was nothing but the most friencJy of feelings among us. Hot all
people belccgsd to tha Association, but everyote was invited to all the affairs
and Bost of thea attended. ffiifi Association is in tlio process of constructing
a basement club house so that vs can have a meeting place ta revive soci'.al events.

Anotlier ineditiEa of getting acquainted was a little newspaper called The
Ripple" vhich a foster resident designed. Tale kept everyone informed on what
was going on and served as a medium for swapping ideas and voicing constructive
opinions. After an absence of a fê * years becc.usa the burden of publication was
left to a few, The Ripple is again in circulation.

During the first fifteen years of this Association we vere most fortunate
to have had an exceptional and highly qualified secretary who knew her Job. did
it wall regardless of the tine required, and cccpiled one of the most cocrplete
set of files and records that any organisation such as ours could ever "nope to
have. 35iese files are being maintained by another xrall qualified secretary.
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We have several other men and women Just ae dedicated, and just as
willing, who have been .the mainstay of the Association8s continued success.
Unfortunately such devotion often brings the stigna of what some persons
like to refer to as a clique who want to run everything and everybody.
When the truth is known, however, this ao-called clique is made up of tired
people -Mho would willingly turn the reins over to others, once they can be
assured that all the Association stands for and all that their predecessors
have worked for will not be lost because of inexperience, lackadaisical
and apathetic attitudes of those who follow.

Most of the people who know this Association, why it was formed and
what it stands for considerit an inexpensive, but nevertheless, a very valuable
insurance policy. A policy that guarantees the pleasantness of the comunity
and protects the high values of tha properties In the community, and guaran-
tees the sensible use of the beaches that the developer so veil provided.

To continue such an Insurance policy and to continue to guarantee sensible
use of our beaches, which are private to owners of land in the Matawanakes
area, rules obviously have to be made as a guidance to all* If a rule is to
be violated by a n&jorlty, It obviously should be changed. If a rule Is
violated by one or a minority group, it. must be enforced as a violation against
the majority and stopped.

If everyone \ifco has the right to use tha beaches should feel and practice
that he may do anything he wishes in those areas, it is not hard to realise
what a shambles would be created. Boat mooring structures, rafts, piers,
uncontrolled water sports, Irresponsible scattering of refuse, wanton damage
to one piece; of property by careless practice and use by others, landing
and removal of boats by people not owners of property — all these things
could and will happen without controls.

Now and then there are a few isolated instances when people resent rules
without rhyne or reason and will press to ses just how far they can go before
someone sayr, stop. Fortunately, we are not troubled with too meny. However,
this can bring aboxit misunderstandings and cause neighbors to form opinions
and Juzp to conclusions without kno*ri.ng all the facts. This is dangerous to
a coo3EuaityDs velfE.re and public relations. On the other hand, an organize."
tioa on which we depend to serve our best interests and furnish us with neces-
sary infomtiticn, can be considered Just as careless by not keeping the property
owners infoi-aied, thus causing them to jump to unnecessary conclusions. There-
fore there is equal responsibility that nmst be recognized and practiced to
avoid misunderstandings.

The Ictke Katat/anakee Association, Inc. was designed for the benefit of
everyona who owns land in this development and everyone should be a member
of it. If at least 8o£ of the lot owners belonged to end participated in the
Association and ite activities, such problem as mosquito control, uce of
beaches, recreation facilities, Club Bouse, socle1 affairs, and community
betterment would all be talked out and a majority of people owning property
would make the decisions. Admittedly, at th3 present time, a minority of
lot owners are forced to make tha decisions. Under such circumstances,
decisions must oftun be made without the advice of people who choose to remain
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outsiders yet have the same Interests and objectives. There is really no
logical reason why * person continues to choose the roll of an outsider.
It Is unfair and impractical for non-members to expect members to give extra
time to continually aeek them out for advics.

It resolves, therefore, down to the fact that until such time as persons
really interested in the whole community will give of their time towards active
participation and their financial assistance by payment of dues in support of
the aims and objectives of the Association, the people who are now members
will continue the Association in a manner 1ftat they believe will beet serve
the

The Association must and sho'old continue in existence because of its
legal responsibilities; ancl as long as it continues to serve the comxunity in
keeping with its purposa of organization ark in accordance with the "PreanbD.e"
of its by-lavs, it will stay in existence astl be an asset- to the connnmity.

Give the Association a chance through its officers or members to explain
the petty gassipa that have been circulated. There are reasons for the decision
leads and the actions taken. We rely on tbe :lntelligence of future numbers to
pass Judgment on the merits of the Association after they have heard both sides
of a story.

Let's make this a eosrsuaity whore we can live, work and play together
with real friendship and understanding.

TEE MX MAIAHAKAKES ASSOCIATION, INC.

February, 1965 138



REPORTED TO BOARD OF TRUSTEES MEETING - September 9. 1962

•

This is a complete" report on a study made to determine what rights and privileges
persons using Forge Pond for recreation and pleasure have, and to what extent
shore lot owners may go to insure safe conduct in the use of waters along their
particular shore line.

The problems which prompted this study were several and are listed as follows:

1, Fast motorboating and water skiing too close to shore.

2, Mixing of water skiers, mouorboats, and swimmers at each of three beaches
in the Matawanakee developed area.

3, Danger from motorboats to swimmers using their own private beaches.

The purpose of this study was to find ways and means, within the meaning of the
law and in the deed restrictions applicable to land affected along the shore of
Forge Pond, by which sufficient action could be taken by the Lake Matawanakee
Association, Inc. and by the owners of property within the area, to make safe,
within reasonable limits, the use of the water and the use of various beaches,
both private and general, along the Matawanakee Shores Development.

The facts were obtained by communication first to the State Department of Natural
Resources who in turn referred our inquiry to the State Department of Public Works,
Division of Waterways.

The facts submitted are these:

1. A Great Pond of the Commonwealth is a pond over ten acres in extent in its
natural state.

2. Forge Pond in its^original natural state is such a Great Pond.

3. Forge Pond, however, has been increased from its natural state to its present
state by the construction of a dam, the owners of which have & measure of
control over the pond.

4. Forge Pond therefore is surrounded by an artificial pond.

5. Public rights la the great pouds have been interpreted as including bocting,
bathing, skating, and all normal present day recreational uses in addition
to the basic rights of fishing and fowling.

6. It is necessary on Great Ponds that structures such as piers extending into
the pond be licensed by the Division of Waterways, however, it has been ruled
that this licensing jurisdiction is not applicable in the aforementioned strip
of artificial pond.

7. There are no special regulations applicable to this body of water to change
the above status.

8. The land under water from the present shore to the shore of the original Great
Pond in its natural stage is privately owned by present owners of adjacent
dry land.
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9. Each individual lot owner owns the'land under water, boundaries of which
are determined by projecting his existing lot lines in a straight line to
the shore of the original great pond or to the brook that flows into it.

10. This land under water is affected by an easement obtained at the time the
dam was constructed by the Stony Brook Water Power Company, giving the company
the right to flood and store water on it.

11. An easement, under law, "is the right held by one person to make use of the
land of another". The use in this case is to flood only.

12. An owner of land has full control over that land except where easements
modify that control.

More facts relative to Ways and Beaches:

.1. On July 24, 1950, a deed for land of streets, drives, roads, avenues, trails,
lanes, paths, or ways for highway purposes only,- was turned over to the Lake
Matawanakee Association, Inc. subject, however, to the rights of way of all
owners, their heirs, executors, administrators or assigns, of all lots of
land shown on plan of "Lake Matawanakee Shores".

2. On July 21, 1952, the right to enforce deed restrictions on all land within
the Lake Matawanakee Shores Development was transferred by Sun Valley Beach
developers to the Lake Matawanakee Association, Inc.

3. On May 14, 1954, a deed for Lot #20 (Beach 1) was turned over to the Lake
Matawanakee Association, Inc. by Sun Valley Beach developers subject to
rights of way of all other owners, their heirs, executors, administrators
or assigns, of all lots of land as shown on plan of "Lake Matawanakee Shores",
This land to be used for beach purposes only and subject to the deed restric-
tions as applies to all other lots.

4. The following streets have now been taken over by the Town of Littleton and
are public ways:

Matawanakee Trail
Nanhofaa Trail
Mohawk Trail
Samoset Trail
Massasoit Trail
Abenaki Trail
Sagamore Trail
Tadmuck Trail
Wannalancit Trail

5. Land still remaining under full control of the Lake Matawanakee Association,
Inc., but subject to rights of way and flowage rights:

A. Beach 1 (Lot 20) - from Matawanakee Trail to the shore of the original
natural Great Pond or its feeder brook whichever is closest.

B. Beach 2 - a private way, forty feet in width, from Matawanakee Trail
to the shore of the original natural Great Pond or its feeder brook.

C. Beach 3 - a private way, forty feet in width, from Matawanakee Trail
to the shore of the original natural Great Pond.
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These three parcels of land are subject to rights of way for beach purposes and
the flowage rights of the Stony Brook Water Power Company.

6." Beach 1, being a lot on the map of Lake Matawanakee Shores, is taxable and
the Lake Matawanakee Association, Inc. as owner pays these taxes annually.

7. Beaches 2 and 3, being ways as shown on the map, are not taxable and are
owned by the Lake Matawanakee Association, Inc.

SUMMARY:

In my opinion the preceding facts of record emphasize the. following:

1. The Lake Matawanakee Association, Inc., as owners of the Beach properties,
have full control over their uses as long as they do not interfere with
its uss as a right of way for Beach Purposes and Flowage Eights.

2. Owners of shore lots have full control of their land, whether under water
or above water, providing they do not interfere with water flowage rights
of the Stony Brock Water Power Company.

3. All persons using stored water over privately owned land for boating, swim-
ming, skating, or other water sports purposes, are subject to permission
from the owners.

This report is respectfully submitted on the basis of information gathered by
me to clarify the use of waters of Forge Pond, Littleton, Massachusetts.

B. L. Whittemore - Property Owner



Lake Matawanakee Association, Inc.
LITTLEfON, MASSACHUSETTS

April 11» 1980

Dear Friend and Neighbor:

Like us, we would suppose you chose to buy in the Lake Matawanakee Development
because of the lake and the privacy of its beaches that goes along with your
deed. We are writing this letter to seek your help in protecting the privacy
of our beaches and to protect the investment you have made in buying in this
development, as well as curtailing the amount of traffic on our streets and
thereby protecting our children. Lake developments in Massachusetts are hard
to come by, especially within commuting .distance of Boston.

By way of a little history on our development, did you know that:

1. The 'Lake Matawanakee Development was orginally started in 19^7 and the
Lake Matawanakee Association was incorporated in

2. Much of the attractiveness of our area, compared to most lake developments,
is because the original developers established deed restrictions which were
more stringent than the toxvn b u i l d i n g code at that time and for many years
thereafter.

3. The original roads (dirt) were privately owned by the developer and subsequently
deeded to the Lake Matawanakee Association and maintained by the residents,
including snowplowing, until we petitioned the town to accept them under better-
ments during the years 1953 to 1955. U n t i l that time, mail delivery was made
only to the junction of Gilson Road and Route 119, where the school buses
also stopped. The three beach roads, as well as the three beaches, are s t i l l
deeded to the Lake Matawanakee Association, Inc. and, as such, are private to
the development.

4. Electricity was brought into the development in 19^8-19*19, at a time when the
town was unable to extend services into the development. The residents, them-
selves, dug the holes for the telephone poles and a resident electrical con-
tractor (Bert Whittemore) strung the wires. How's that for neighborhood
initiative! Incidentally, the Lake Matawanakee Association's Electric Committee
had to raise $2,500 to pay the extra installation charges. It took 1^ years
before this was fully paid off by newcomers' hookup fees (September 19&3).

It was only through the formation of the Lake Matawanakee Association, Inc., with
everyone working for a common cause, that we were able to accomplish the above
improvements.

More recently, by our intercession we were successful in having the Board of
Selectmen deny a permit for the installation of a 30,000 gallon propane gas tank
on the FLAME premises. Because of the tank's highly explosive contents and the
accident-prone area, with 50-foot tanker trucks going in and out of the FLAME
driveway, as well as added traffic of smaller trucks and railroad deliveries,
this situation could have had a horrendous impact on not only our development
but the surrounding homes in the North Littleton area.
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In addition, as many of you know, the Association has had, for the past three
years, a suit pending against the Town of Littleton and FLAME covering the grant-
ing of a permit and the construction and use of a fertilizer mixing plant in an
area zoned business (FLAME's property). We contend this is a manufacturing
operation and therefore should not have been approved. We are also basing our
suit on the spillages which have occurred and which eventually. are washed into
Gilson Brook and thence into Lake Matawanakee. This suit is expected to go to
court shortly but it could lead to an appeal by the defendents, in which case
additional monies w i l l be required over and above the $2,12*4 already paid out
in legal fees.

Over the last seven years, the Association has spent over $7,800 on beach improve-
ments and, unfortunately, the burden of physically and financially maintaining the
beaches has been left to a few.

We are beginning to notice an influx of people, at both our two bathing beaches
and our boat launch beach, who do not own property in the Lake Matawanakee
Development. Ws do not have the means of policing these beaches and it is going
to worsen as time goes on. As you know,there is a large new development on the
opposite side of the lake in Littleton (Nashoba Woodlands - off Beaver Brook
Road); and another good size development (Sheridan Woods) is nearing completion
opposite the Gilson Road/Route 119 entrance to our development.

Regarding the privacy of our beaches, we realize that during the summer months
relatives and friends of our residents are going to be using our beaches and so
as not to take away from the rights of other residents, we would like to suggest
that you do not extend a blanket invitation to "come up and use our beaches any-
time" but that you l i m i t the invitations by having guests call you for approval and
that you advise them they may be questioned as to their right to use the beaches.

You can help curb the influx of traffic at our beaches 3nd launching of boats by
being selective and observant of non-residents using our beaches. We all have a
great deal to lose by being too free in our friendly generosity.

To help in this regard, a combination padlock has been purchased for the gate at
the boat launch. It w i l l be installed by the time the boating season starts.
The combination w i l l be available to all Lake Matawanakee Development residents
who wish it. If those residents who use the boat launch w i l l lock the gate after
each use and avoid handing out the combination to non-residents, the unauthorized
use of our facilities by non-residents w i l l be minimized. This procedure is being
adopted by private lake and pond associations throughout Massachusetts as the
pressure of unauthorized use rises and we hope you w i l l support this effort to
protect your rights.

Help us protect your investment in your home and lives in the Lake Matawanakee
Development by becoming a member of the Association, for in numbers there is
Strength. Only through organization can the voices of the minority be heard.
We would like to see the Lake Matawanakee Association grow in strength as we are
the only organization in this area and many of the non-Matawanakee residents of
North Littleton look to us for guidance and leadership.

If you would like additional information on becoming a member of the Association,
any member of the Board of Trustees w i l l be happy to answer your questions. The
dues are only $12.00 per year and a new member is assessed $1.00 per month for
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the remaining full months of the year tn which they first become a member. We
have enclosed a membership application for your use.

Thank you for your cooperation and we look forward to hearing from anyone and
everyone.

Sincerely,

LAKE MATAWANAKEE ASSOCIATION INC
Board of Trustees

Pat Berena Jim Ellingboe
Rudy B i l l i n g Helen Flaherty
Jack Casey Karen McNamara
Gioia Clyde Cyndie Pederson
Anne Donovan Bernie Vivolo
Sandy Doucette Pat Winner

Enclosure
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APPENDIX B

EDUCATIONAL INFORMATION ABOUT LAND AND WASTEWATER MANAGEMENT FOR
MINIMIZATION OF GROUND WATER POLLUTION
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AN ANNOTATED BIBLIOGRAPHY OF USEFUL PUBLICATIONS

Bolger, R.C. 1965. Ground Water. Educational Series #3. Commonwealth of
Pennsylvania, Cept. of Internal Affairs, Harrisburg, PA.

Although slightly outdated, this primer clearly explains processes and
phenomena associated with ground water. A discussion of well development
is included.

Brown, K.W. 1980. An Assessment of the Impact of Septic Leach Fields,
Home Lawn Fertilization and Agricultural Activities on Ground Water
Quality. K.W. Brown and Associates, College Station, TX.

This technical document discusses the results of ground water
investigations in sandy soils. The impacts of wastewater disposal, lawn
fertilization, and agricultural activities on ground water resources are
described in conceptual and experimental terms. A model for determining
the land area necessary to support a given activity without excessive
ground water pollution is presented and applied.

Connecticut Department of Environmental Protection. 1984. A Watershed
Management Guide for Connecticut Lakes. CTDEP, Water Compliance Unitr
Hartford, CT.

The process of eutrophication is described and the importance of
controling phosphorus is emphasized. Sources of information for evaluating
lake condition are presented. Sources of pollution are discussed and
recommendations for controling inputs are given, including tips on
minimi zing residential contributions.

Klessig, L.L., N.W. Bouwes, and D.A. Yanggen. 1983. The Lake in Your
Community. Univ. of Wisconsin Extension Service, Madison, WI.

This booklet describes lakes and lake processes, including natural
aging and accelerated eutrophication. Management techniques, limitations,
and costs are given. The formation of lake management districts is
discussed, and additional sources of information are listed.

Lake Cochituate Watershed Association. 1984a. Detergents and
Your Lake. MDWPC Publ. ft 13,810-21-200-10-84-C.R.

The role and behavior of phosphates in the environment are discussed
in layman's terms. The composition of detergents and the use of phosphate
as a builder are described. Alternatives to phosphate detergents and
associated limits are discussed, and possible approaches to reducing
detergent phosphorus inputs to the environment are described. Attempts at
legislating detergent phosphorus reductions are reviewed. The publication
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concludes with a long (although incomplete) list of cleaning products and
their phosphorus content.

Lake Cochituate Watershed Association. 1984b. Fertilizers and
Your Lake. MDWPC Publ. # 13,808-11-200-10-84-0.R.

The use of fertilizers, their composition, and natural processes
affecting them are described in layman's terms. Interactions with the
hydrologic cycle and the role of fertilizer in the eutrophication of
surface waters are explained. Fertilizer requirements for typical lawns
are given, and the hazards of overfertilization are described. The
substitution of natural landscaping for maintenance-intensive lawns is
recommended wherever possible, and tips are given for achieving an
attractive residential setting through appropriate plantings and selective
controls.

Lake Cochituate Watershed Association. 1984c. Septic Systems
and Your Lake. MDWPC Publ. # 13,807-14-200-10-84-C.R.

The proper management of septic systems and problems resulting from
improper design or lack of maintenance are described in layman's terms.
Alternatives to conventional wastewater disposal systems are discussed and
techniques are suggested for repairing poorly functioning systems which
represent a health hazard or threat to environmental quality. The relation
of system design and maintenance to ground water quality is emphasized.

North American Lake Management Society. 1985. Starting and Building and
Effective Lake Association. NALMS, Washington, D.C.

This booklet describes types of organizational arrangements for
managing a lake. Discussions include the formulation of objectives, fund
raising, and organizational by-laws.

North American Lake Management Society. 1985. A Layman's Bibliography of
Lake Management. NALMS, Washington, D.C.

A lengthy list of popular articles and technical papers relevant to
the management of lakes is presented. A breakdown by key words is
provided.

Pastor, D., and C. Alleva (editors). 1986. Water: Life Depends On It.
Reprints from the Citizens1 Bulletin. CTDEP, Hartford, CT.

This collection of articles deals with water and man's influence on
it. One very informative article lists facts and fiction regarding water
supplies and notes conservation/pollution prevention methods. Other
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articles introduce components of aquatic systems and describe their role in
system ecology.

Veneman, P.L.M., and W.R. Wright (Editors). 1986. On-Site Sewage Disposal.
The Society of Soil Scientists of Southern New England, Storrs, CT.

This collection of papers from a recent symposium covers the range of
technical, economic, social, and regulatory issues associated with on-site
wastewater disposal. Conventional and advanced on-site treatment systems
are described, maintenance recommedations are made, and the legal and
regulatory options for dealing with ground water pollution are discussed.
While technical in nature, most presentations are clear and comprehensible.
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SUMMARY OF KEY POINTS RELATING TO MAN'S INFLUENCE ON GROUND WATER

Detergents and Other Cleaning Agents
1. Except where water contains excessive quantities of dissolved substances

("hard" water), phosphorus is an unnecessary component of cleaning
agents; clothes and dishes are unlikely to be detectably cleaner, and no
health hazard is created by the elimination of phosphorus from cleaning
agents.

2. Cleaning agents can contribute up to 75% of the phosphorus entering
disposal systems, and usually provide at least 30% of the phosphorus
input from households where phosphate detergents are used.

3. If a detergent does not contain phosphorus, it usually will state this
on the container. Most phosphate detergents list the weight fraction
comprised by phosphorus. Liquid cleaners tend to contain less
phosphorus than powdered forms.

4. Legislation calling for a ban on phosphate detergents or a restriction
of the allowable phosphorus content is currently being considered by the
Commonwealth of Massachusetts. Support is needed.

Garbage Grinders
1. Garbage grinders cause unnecessary loading of solids and nutrients to

wastewater disposal systems, resulting in a need for more frequent
maintenance and a higher potential for system failure and ground water
pollution.

2. Composting of garbage is a much more environmentally sound method of
disposal, if done properly.

Lawn Fertilizers
1. If properly applied at an appropriate dosage, fertilizer can enhance a

lawn without gross ground water pollution, but some addition of
contaminants to the ground water must be expected.

2. Overfertilization or improper application of fertilizer can be a major
source of ground water contamination by phosphorus, nitrogen, and
biocidal compounds, resulting in a health hazard in many instances.

3. Maintenance of a lush green lawn of one or a few species represents an
unnecessary expenditure of time and resources to satisfy a questionable
perception of beauty or order.

4. The use of many species of natural vegetation maintains potentially
valuable diversity and requires less money and effort to maintain. To
the discerning eye, a natural landscape is far more attractive than a
close-cropped grass lawn. Recycling of nutrients in a natural landscape
results in less ground water contamination.

On-Site Wastewater Disposal
1. Improper placement of systems (choice of sites) is a major cause of

system inefficiency and resultant ground water contamination.
2. Improper installation or settling/upheaval can negate proper design and

siting of a system; care and forethought are critical elements of
installation.

3. A vertical distance of at least 6 ft between the point of discharge to
the soil and the ground water table is necessary to minimize
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environmentally tolerable performance of a system.
4. Cesspools provide considerably less treatment of wastes than

conventional systems, require more maintenance to operate properly, are
more prone to failure, and can no longer be legally installed.

5. For cesspools and conventional tank and leachfield systems, treatment
will be insufficient to control nitrogen release into the ground water.
More than 90% of the nitrogen put into the system will enter the ground
water as potentially hazardous nitrate. Dilution of effluent by
percolating rain water or the ground water supply itself is necessary to
avoid a health hazard.

6. Alternative treatment methods include systems which separate blackwater
(toilet wastes and garbage) and greywater (shower, sink, and washing
machine water) and treat each appropriately/ systems that recirculate
effluent for further treatment, and systems which have no effluent
(holding tanks). While more expensive to install or maintain, these
systems have less environmental impact than conventional systems. Their
use should be encouraged in environmentally sensitive or densely
populated areas not served by a community sewerage system.

7. An on-site wastewater treatment system functions in the same capacity as
a municipal wastewater treatment plant, only at an individual site
level. As with large treatment plants, maintenance of an on-site system
is essential to its proper operation. Failure to spend a little time
and money on system inspection and maintenance can result in the need to
repair or replace the system at a much larger cost to the owner and
environment.

8. On-site systems should be inspected every 6 months to 2 years, depending
on the intensity of use. If the lower limit of the floating scum layer
or upper limit of the settled sludge layer exceed design specifications
(too close to outlet port), removal of accumulated solids is needed. If
the available volume in the settling tank provides less than a one-day
detention time, solids removal is needed.

9. To avoid clogging of pipes, large solids and solidifying substances
should not be put into the system. Problem materials include diapers,
sanitary napkins, cigarette butts, garbage, and greases. Clogging of
leaching areas by such materials is a major cause of system failure.

10. To avoid upsetting the biological balance of the system (an active
microbial community is essential to proper function), caustic solutions,
cleaning agents, and other potentially biocidal compounds should not be
put into the system.

11. Water conservation results in longer detention times in the settling
tank, greater breakdown of inputs, less build-up of sludge, and lower
maintenance costs.

12. There are many alledged remedies and products available for the
restoration of failed systems and for improving system treatment
efficiency. Despite some potentially valid claims, there is no hard
evidence that any of these actually works. The best solution to septic
system problems is to prevent their occurrence.

Ground Water in General
1. There is no magic underground river or lake that supplies ground water.

Percolation and infiltration of rain water is the only substantial
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source of replenishment. Contaminants on the surface of the land or in
the soil may be carried with percolating water into the ground water
supply.
Ground water moves and is replaced much more slowly than most surface
waters. Creation of a ground water problem will therefore have a
longer-term impact than pollution of surface waters.
Where wells and septic systems are employed, some portion of the water
consumed in each household is certainly derived from the wastewater of
other households in the same subsurface drainage basin. Renovation of
wastewater prior to its entry into the ground water is therefore
critical to the prevention of health hazards.
Placement and depth of a well and the water demand placed on it will
determine the corresponding zone of contribution. A shallow well with a
relatively great demand may have a zone of contribution that extends
into the wastewater discharge area of the same or neighboring
properties. Even proper treatment of wastes prior to discharge into the
soil may be insufficient to maintain appropriate ground water guality in
such wells.
Major sources of contamination (e.g., large motels, housing complexes,
and landfills) may create an expanding, attenuating plume of polluted
ground water which moves vertically and horizontally away from the
source in the down-gradient direction. The surface location and intake
depth of wells in the area will determine which ones become
contaminated.
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ENVIRONMENTAL NOTIFICATION FORM
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P.I

APPENDIX A
COMMONWEALTH OF MASSACHUSETTS

EXECUTIVE OFFICE OF ENVIRONMENTAL AFFAIRS

ENVIRONMENTAL NOTIFICATION FORM

I. SUMMARY

A. Project Identification
1. Project Name Forge ?ond Management Frolect

B.

2. Project Proponent Westford Conservation Commission
Address p-°- Box 122, Westford. MA 01886

Westford / Littleton

I. Location within city/town or street

_

Forge Village area, off Route 225

2. Est. Commencement Date:.
Approx. Cost $

Fall, 1987 .E*t. Completion Pat*: Fall, 1987*
_% CompleteCurrent Status of Project Design:

*Construction only. Management will go on
C Narrative Summary of Project indefinitely.

Describe project and give a description of the general project boundaries and the present use of the project
area. (If necessary, use back of this page to complete lummary).

A bottom water withdrawal pipe will be installed in Forge Pond, running from the
deepest portion of the pond to the outlet. An outlet weir will be constructed,
coupled to the existing gate valve structure associated with the canal that supplies
water to the Murray Printing Company. This pipe, the canal, and the pipe passing
through the Murray Printing Company will be used to withdraw water from the bottom
of Forge Pond at a rate sufficient to prevent anoxia at the pond. During the fall,
additional water will be withdrawn, causing a drawdown of the pond level by one
vertical meter. The drawdown will be sustained until shortly after the spring thaw of
ice on the pond.

Copies of this may be obtained from:
Name: Westford Conservation CommissionFlnn/Aaencu:
Address:_p-°- Box 122» Westford, MA 01886 Phone No.,

9 THIS IS AN IMPORTANT NOTICE. COMMENT PERIOD IS LIMITED.
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P. 2

Utc This Page to Complete Narrative. If necessary.

This project is one which is categorically included and therefore automatically requires
preparation of an Environmental Impact Report: YES NO

D. Scoping (Complete Sections II and III first, before completing this section.)

1. Check those areas which would be Important to examine In the event that an EIR Is required for this project.
This information Is important so that significant areas of concern can be identified as early as possible, in
order to expedite analysis and review.

Construe- Long
tton Term

Impact* Impacts

Construc-
tion

Impacts

Open Spare &• RprrpaMon ....,,,
Historical

Archaeological _ 7 , , . . . , - -

Fisheries & Wildlife
Vegetation, Trees . - _ _ , . - *•

Inland Wetlands . . X

Coastal Wetlands or Rparhp^

Flood Hazard Areac

High Risk Operations
Geologically [Jn«t^blp Areas
Agricultural Lan4 .

Other (Soecify)

Long
Term

Impacts

X

X

X

.Mineral Resources

.Energy Use

.Water Supply & Use

.Water Pollution
Air Pollution
.Noise
Traffic
Solid Waste
Aesthetics

.Growth Impacts
Community/Housing and the Bull

Environment

X
X

X
X

X
X

X

2. List the alternatives which you would consider to be feasible In the event an EIR is required.
Oxygen problems could be controlled through aeration or chemical treatment of
sediments.
Macrophyte nuisances could be controlled through harvesting or bottom covers.
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P. 2

Use This Page to Complete Narrative. If neceuary.

This project is one which is categorically included and therefore automatically requires
preparation of an Environmental Impact Report: YES NO—**

D. Scopfng (Complete Sections H and HI first, before completing this section.)

1. Check those areas which would be Important to examine In the event that an EIR is required for this project.
This information Is important so that significant areas of concern can be Identified as early as possible, in
order to expedite analysis and review.

Construe- Long
Hon Term

Impacts Impacts

Construc-
tion

Impacts

pen Space & Recreation ,
Istorical , . . . . ,
rchaeoloqical
isheries & Wildlife
>qetation. Trees X
(her Biological Systems .....
land Wetlands X
iiastal Wetlands or Beaches . . .
ood Hazard Areas

Hiqh Risk Operation?

rlcultural Land .:..,, ...
her (Specify)

Long
Term

Impacts

.__ X .Mineral Resources

Energy Use
Water Supply & lite

X WaterPolluHon

Air Pollution

Noise
X Traffic

Solid Waste
Aesthetics
Wind and Shadow

... . Growth Imparts. - , ,

_..,. Community/Housing and the Bulll
_ Environment. , , T .

X

X

X
X

X

2. List the alternatives which you would consider to be feasible In the event an EIR is required.
Oxygen problems could be controlled through aeration or chemical treatment of
sediments.
Macrophyte nuisances could be controlled through harvesting or bottom covers.
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P. 3

Has (hi* project been Hied with EOEA before? Yes.
IfYe».EOEANo. EOEA Action?

F. Does this project fall under the Jurisdiction of NEPA? Yes No _
If Ye*, which Federal Agency? NEPA Statin?.

G. List the State or Federal agencies from which permits will be sought:

Agency Name Type of Permit

MA Division of Water Pollution Control Water Quality Certificate
MA Division of Waterways/Wetlands Regulation Ch. 91 Waterways License
U.S. Army Corps of Engineers Sec. 404 Permit

H. Will an Order of Conditions be required under the provisions of the Wetlands Protection Act (Chap. 131. Section 40)?
Yes_X No
DEQE File No., if applicable:

I. List the agencies from which the proponent will seek financial assistance for thU project:

Agency Name • Funding Amount

MA Division of Water Pollution Control $146,440.00 (total; 75% funding by
by MDWPC is expected)

II. PROJECT DESCRIPTION

A. Include an original S'A xll inch or larger section of the most recent U.S.G.S. 1:24,000 scale topographic map
with the project area location and boundaries clearly shown. Include multiple maps if necessary for large proj-
ects. Include other maps, diagrams or aerial photos If the project cannot be clearly shown at U.S.G.S. scale. If
available, attach a plan sketch of the proposed project. See figures 1, 4, 6, 26, & 27 in BEG report.

B. State total area ofproiort- < 2 acres involved in construction, improvement over 179 ac expected
Estimate the number of acres (to the nearest 1/10 acre) directly effected that are currently:

1. Developed acres 4 Floodplaln acres
2. Open Space/Woodlands/Recreation acres 5, Coastal Area acres .
3. Wetlands *?9 acres 6. Productive Resources

(Forge Pond) Agriculture acres
Forestry acres
Mineral Products acres

C. Provide the following dimensions. If applicable:

Length In miles Number of Housing Units Number of Stories
Existing Immediate Increase Due to Project

Number of Parking Spaces .

Vehicle Trips to Project Site (average dally traffic) .

Estimated Vehicle Trips past project site
D. If the proposed project will require any permit for access to local or state highways, please attach • sketch

showing the location of the proposed driveway(s) In relation to the highway and to the general development plan;
Identifying all local and state highways abutting the development site: and Indicating the number of lanes, pave-
ment width, median stripe and adjacent driveways on each abutting highway; and indicating the distance
to the nearest Intersection. 157



P. 4

HI. ASSESSMENT OF POTENTIAL ADVERSE ENVIRONMENTAL IMPACTS

Instruction!: Conilder direct and Indirect adverse Impact!, Including tho«« arUing from general construction mnd
operations. For every aniwer explain why alflnlficant adver« Impact U considered likely or unlikely to result.

Also. itate the source of Information or other basis for the answers supplied. If the source of the Information.
In part or In full. Is not lifted In the ENF, the preparing officer will be assumed to be the source of the Information.
Such environmental Information should be acquired at least In part by field Inspection.

A. Open Space and Recreation
1. Might Ihe project affect the condition, use or access to any open space and/or recreation area? .

X _ NO _

Explanation and Source:

The road to the Westford beach may be temporarily blocked during construction, which
will occur in the off season (fall). Improved recreational and ecological conditions
are expected as a result of the project.

Source of all information unless otherwise noted: BEG, Inc., 1986. Diagnostic/Feasibilit
Study for the Management of Forge Pond.

B. Historic Resources
1. Might any site or structure of historic significance be affected by (he pro)ect? Yes No

Explanation and Source:

None known (letter by M . H . C . )

2. Might any archaeological site be affected by the project? Yes No

Explanation and Source:

None known (letter by M . H . C . )

C. Ecological Effects
1. Might the project significantly affect fisheries or wildlife, especially any rare or endangered species?

Yes _X No

Expfonof/on and Source:
No rare or endangered species are reported for Forge Pond by the MA Natural Heritage
Program. Drawdown and bottom water withdrawal will improve the oxygen regime and
reduce macrophyte abundance. Both results are considered desirable by the MA Division
of Fisheries and Wildlife. An improved fishery is expected.
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P. 5

2. Might the project significantly affect vegetation, especially any rare or endangered species of plant?
Ye«^ Ne'_; 0
(Estimate approximate number of mature tree* to be removed: ^ )

Explanation and Source:
The proposed construction work may require some brush cutting for access, and
drawdown will result in reduced aquatic macrophyte abundance. No rare or
endangered species are reported for Forge Pond.

3. Might the project alter or affect flood hazard area*. Inland or coastal wetland, (e.g.. «<«**«• n«r«he«. «nd
dune«andbeach«.pond«.rtream*.river«,fUhnin«.or»heUfi»hb«d»)? Yes No

Explanation and Source:

Discharged flows will not exceed the normal non-flood range experienced.

4. Might the project affect shoreline erosion or accretion at the project rite, downstream or In nearby coastal
areas? Yes No _X

Explanation and Source:

See #3. Also, downstream conditions include a walled channel and expansive wetland

5. Might the project Involve other geologically unstable areas? Ye« No

Explanation and Source:

None known

D. Hazardous Substances

I. Might the project Involve the use. transportation, storage, releaw. or disposal of potentially haz-rdou*
substances?
Yes No L_

Explanation and Source:
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P. 6

E. Resource Conservation and Use

1. Might the projectaffect or eliminate land suitable for agricultural or forestry production?
Yes No±
(Describe any present agricultural land use and farm units affected.)

Explanation and Source:

2. Might the project directly affect the potential use or extraction of mineral or energy resources (e.g.. o4l. coal,
sand & gravel, ores)? Yes No ^

Explanation and Source:

None known.

3. Might the operation of the project result in any Increased con§umpt!on of energy? Yes X No

Explanation and Source:
(If applicable, describe plans for conserving energy resources.)

Power equipment may be operated during construction only.

F. Water Quality and Quantity
1. Might the project result in significant changes in drainage patterns? Yes X No

Explanation and Source:

More water will pass through the canal and the Murray Printing Company pipe than
previously. This water is discharged to Stony Brook about 200m downstream of the
existing spillway at the Forge Pond outlet.

2. Might the project result in the introduction of pollutants Into any of the following:
(a) Marine Waters Yes No JL
(b) Surface Fresh Water Body Yes _x No
(c) Ground Water Yes No JL

Explain types and quantities of pollutants.

A slight decrease in downstream dissolved oxygen is possible but unplanned. A
slight turbidity increase may be expected during construction.
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TT

3. Will the project generate unitary Mwage? Yet. No —_—
If Yes, Quantity: gallon* per day

Disposal by: (a) Onclte ceptlc fy*tems Ye« No

(b) Public sewerage systems Yet No

(c) Other meant (describe) . —-—

4. Might the project result In an Increase In paved or Impervious surface over an aquifer recognized a« an impor-
tant present or future source of water supply? Yes No —_—

Explanation and Source:

5. Is the project In the watershed of any surface water body used as a drinking water supply?
Yes No 5_

Are there any public or private drinking water wells within a 1/2-mile radius of the proposed project?
Yes x No

Explanation and Source:

Many wells are located on the Littleton shoreline and beyond. There is a limited
risk of detectable well production impairment during drawdown.

6. Might the operation of the project result In any Increased consumption of water? Yes No JL

Approximate consumption , _ gallons per day. Likely water source(s), -JL

Explanation and Source;

7. Does the project involve any dredging? Yes No X

If Yes, indicate:
Quantity of material to be dredged
Quality of material to be dredged
Proposed method of dredging.
Proposed disposal sites.
Proposed season of year for dredging.

Explanation and Source;
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G. Air Quality
1. Might the project affect the air qualify In the project area or the Immediately adjacent area?

Yei L- No
Describe type and source of any pollution emlMlon from the pro)ect rite. Gas power&d equipment

Slightly increased emissions expected for a period of less than a week.

2. Are there any sensitive receptor* (e.g., hospitals, schools, residential areas) which would be affected by any
pollution emissions caused by the project. Including construction dust? Yes No _£

Explanation and Source:

3. Will access to the project area be primarily by automobile? Yes _X No
Describe any special provisions now planned for pedestrian access, carpoollng. buses and other mass transit.

H. Noise
1. Might the project result in the generation of noise? Ye*_J£— No

Explanation and Source:
(Include any source of noise during construction or operation, e.g.. engine exhaust, pile driving, traffic.)

Slight increase in noise level expected for less than a week during construction.

2. Are there any sensitive receptors (e.g.. hospitals, schools, residential areas) which would be affected by any
noise caused by the project? Yes _ No X

Explanation and Source:
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Solid Waste
1. Might the project generate solid wa*te? Yes No. X

Explanation and Source:
(Estimate types and approximate amounts of waste materials generated, e.g.. Industrial, domestic, hospital.
sewage sludge, construction debris from demolished structures.)

Aesthetics
1. Might the project cause a change In the visual character of the project area or Its environs?

Yes x No

Explanation and Source:

Improved visual character is anticipated - greater water clarity and fewer
submerged plants near shore.

2. Are there any proposed structures which might be considered incompatible with existing adjacent structure*
in the vicinity in terms of size, physical proportion and scale, or significant differences In land use?
Yes No _£

Explanation and Source:

Y
3. Might the project impair visual access to waterfront or other scenic area*? Yes No —

Explanation and Source:

K. Wind and Shadow
V

1. Might the project cause wind and shadow Impacts on adjacent properties? Yes No —_

Explanation and Source:
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IV. CONSISTENCY WITH PRESENT PLANNING

A. Describe any known conflict* or inconsistencies with current federal, stale and local land use. transponadon.
open space, recreation and environmental plans and policies. Consult with local or regional planning authorities
where appropriate.

None known. Project is consistent with water quality and recreation goals.

V. FIND/NGS AND CERTIFICATION

A. The notice of intent to file this form has been/will be published in the following newspaper(s)

(Name) (Date)

B. This form has been circulated to all agencies and persons as required by Appendix B.

Date Signature of Responsible Officer
or Project Proponent

Name (print or type)

Address

Telephone Number.

Date Signature of person preparing
ENF (if different from above)

Name (print or type)

Address

Telephone Number
164



APPENDIX D

COMMENTS BY INTERESTED PARTIES

165



166



Conservation Commission
P.O. Box 122

Watford, MA 01886

692-552̂

September 18, 1986

Mr. Kenneth Wagner, PhD
Baystate Environmental Consultants, Inc.
296 North Main Street
East Longmeadow, MA 01028

Dear Er

The Westford Conservation Commission has received and reviewed
the Draft Report of the Diagnostic/feasibility Study lor the Manage-
ment of Forge Pond. The Commission believes the D/F data reflects
an accurate assessment of the water quality problems presently being
experienced in Forge Pond. Furthermore, we have been impressed by
the professional capabilities of Baystate Environmental Consultants,
Inc., and the manner in which you have accomplished the Diagnostic/
Feasibility phase of the project.

The proposed solution of installing a pipe into the depths of
the pond in order to slowly draw off anoxic water and possible winter
drawdowns to eliminate shoreline nuisance vegetation has the
Commission's support. For a one time monetary investment and a short
term disruption to the lake, it is expected that long term restoration
and preservation of Forge Pond can be accomplished. As you are well
aware, many private citizens and public officials from Littleton and
Westford look forward to an improved Forge Pond.

Thank you for your continuing support with this very important
project.

Sincerely,

Patricia P. Loring, Chairman
Westford Conservation Commission
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Lake Matawanakee Association, Inc.
LITTLETON, MASSACHUSETTS

c/o Helen M. Flaherty
41 Matawanakee Trail
Littleton, MA 01460 September 8, 1986

Mrs. Patricia Loring, Chairman
Conservation Commission
P. 0. Box 122
Westford, MA 01886

Dear Mrs. Loring:

After talking with Ken Wagner this morning, I called your office and spoke with
Bill Turner regarding the type information you would like from the Lake
Matawanakee Association and its role in the use of the lake and our beaches.

We have three private benches within the development for the use of all
property owners. The Lake Matawanakee Association has been responsible for
the improvement and maintenance of these beaches since 1954. In going
through our records, I found that the Association has spent approximately
$20,000 in excavating to construct these three beaches as originally provided
by the developer, installing retaining walls on two of the beaches, construc-
ting a boat launch area at the third beach, paving beach roads, keeping the

beaches well sanded and cleaned, installing safety ropes, rafts, beach surveys,
attorney fees in a civil suit against F.L.A.M.E. to prohibit them from
building a fertilizer plant at Gilson Brook and Route 119, as well as general
maintenance of the three beaches over the last 30 years.

We have provided swimming lessons for the children and policing of the lake
through a special officer of the Towns of Littleton and Westford (my husband).
While he is still a special officer of Littleton, he is no longer one for
Westford.

I have typed up a 4-page report of detailed expenses which I would be glad
to send to you should you need verification of these figures.

I am in the process of passing around the two copies of the Diagnostic Study
draft report which Ken Wagner sent to me. While the concensus of everyone
I have talked with is completely favorable to pursuing funds for Phase 2,
I am enclosing a copy of the statements I have received to date from most
of the people who have read the report.

Speaking for the Association as its secretary, we are also in favor of the
recommendation of draw-down of the lake and hope that we will be successful
in obtaining a grant from the Commonwealth of Massachusetts.

If between now and the time you submit your report to the Commonwealth you
would like further information, please call me at 486-3507.

Sincerely,

Helen M. Flaherty,
/ Lake Matawanakee Association, Inc

Attachment
cc:/Kenneth 0. Wagner, Ph.D.

Baystate Environmental Consultants, Inc.
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Six handwritten comment letters were attached to the
preceding letter. All endorsed the proposed project. Only two
concerns were raised: 1) that the Murray Printing Company should
not be entirely responsible for the control of the subsurface
discharge pipe; and 2) that public funding of the project should
not be tied to any mandatory increases in public access to Forge
Pond. By necessary agreement, Murray Printing Company will not
be in charge of the drawdown operation. Clean Lakes Program
funds are not contingent on increased public access at any lake,
as long as the public access requirement met in Phase I continues
to be met in Phase II. Current conditions at.Forge Pond meet
this requirement.
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During an October telephone conversation, Mr. William
Lindsey of New England Apple Products (NEAP) stated that after
review of the BEG report on Forge Pond and its watershed, a
thorough review of waste treatment plant operation and
performance was conducted by the NEAP staff. Errors in waste
water quality assessment were found to result in inadequate
treatment and the discharge of an excessive total phosphorus
load. Corrections were made immediately, resulting in more than
a two-fold reduction of phosphorus loading to Veryfine Brook from
the NEAP facility. This responsible action by' NEAP is viewed as
the first measurable step toward improved water quality in Forge
Pond, and reduces the amount of effort which will be necessary to
meet the proposed NPDES effluent standards.
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2 Dodge Road
Westford, Massachusetts 01886
June 6, 1986

Mr. Kenneth J. Wagner, PH.D.
Baystate Environmental Consultants, Inc.
296 North Main Street
East Longmeadow, Massachusetts

Dear Mr. Wagner:

I found your presentation of Forge Pond very informative and your delivery
of the facts commendable. My family started vacationing on Forge Pond in 1954.
We loved the area so much that we became full time residents in 1968.

I believe that lake management is a positive step in preserving the quality
of the lake for future generations. As a resident of Westford, it pleases me
that our officials are taking an active roll in this effort.

After considering your proposal, I believe the best alternative for the lake
is the draw down using the pipe line from the deepest part of the lake. I realize
that the initial capital cost is high and that the state could fund a large portion.
This still will leave an appropriation from the Town to complete.

The second alternative would be the current runoff by Murray Printing, if costs
become the obstacle.

My final point is that the suggestion of restricting motor boat activity
should be withdrawn. This is a valid point to keep the motor boats from an
ecological view. Everyone has rights. Boat owners are included with these rights.
The majority of people who actually own waterfront property have or had a motorboat.

Would you purchase property next to a town dump and then try to close the dump?
Would you move beside a sportsman's club and then fight to curtail their activities?
Most people would answer no. Why then, should people who own property on a lake
be restricted as well?

Thank you for your help in this management issue.

Very truly yours,
•*!

- u

Robert A. Caruso

RAC:mls
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The Commonwealth of Massachusetts
Office of the Secretary of State

Michael Joseph Connolly, Secretary

Massachusetts Historical Commission
Valerie A. Talmage
Executive Director
State Historic Preservation Officer

September 3, 1986

Mr. Kenneth J. Wagner
BayState Environmental Consultants, Inc.
296 North Main Street
East Longmeadow, Mass 01028

RE: Forge Pond Diagnostic/Feasibility Study, Westford and Littleton

Dear Mr. Wagner:

Thank you for supplying the Massachusetts Historical Commission with information
concerning the proposed project referenced above. Staff of the MHC have reviewed
the materials you submitted.

MHC feels that this project is unlikely to affect significant historic or archae-
ological resources. No further review is required in compliance with Section 106
of the National Historic Preservation Act of 1966 (36CFR 800) and Massachusetts
General Laws, Chapter 9, Section 26C and 27C, as amended by Chapter 152 of the
Acts of 1982 (950CMR 71).

If you have any questions, please feel free to contact Jordan Kerber at this
office.

Sincerely,

Valerie A. Talmage
Executive Director
State Historic Preservation Officer
Massachusetts Historical Commission

VAT/Ik

172
80 Boylston Street, Boston, Massachusetts 02116 (617) 727-8470



tJfie wwwiwmw&w6k <%<
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August 28, 1986

Dr. Ken Wagner
Baystate Environmental Consultants, Inc.
296 North Main Street
East Longmeadow, MA 01028

RE: Forge Pond, Draft D/F Study

Dear Dr. Wagner:

The Massachusetts Division of Fisheries and Wildlife has
reviewed the "Draft Diagnostic/Feasibility Study for the Manage-
ment of Forge Pond" as requested.

As noted in the report, this agency has conducted a number
of studies directed at evaluating the fishery. The 1979 fish
sampling effort made particular note of the severe infestation of
aquatic plants in certain areas of the pond. At- that time it
appeared that the panfish populations were beginning to over
populate as the littoral sone habitat provided them more and more
hiding cover and sanctuary from predators.

The recommended management approach presented in the Draft
D/F Study describes both in-lake and watershed options. From a
fisheries standpoint, the in-lake actions are of more concern.
We support all watershed options aimed at reducing or otherwise
controlling inputs of nutrients or pollutants to Forge Pond,

With respect to the experimental overwinter drawdown of
Forge Pond, we have no objections to this option as the study
indicates that many of the nuisance plant species are amenable to
control by this technique. MDFW agrees with this conclusion. We
do strongly support the inclusion of a well designed monitoring
plan to evaluate the effectiveness of the drawdown action, one
which will assess both the qualitative and quantitative changes
to the aquatic plant community in the littoral zone of the pond.
Such data is necessary to formulate any rational long-term
drawdown schedule.

Removal of the oxygen-poor bottom waters during summer and
winter will present no negative impacts to fish and other
aquatic organisms, conversely, as detailed in the study, this
action will likely improve habitat for fish. It is our interpre-
tation that a drawdown of only one meter results in a remaining
pond volume too large to maintain adequate oxygen levels in the
bottom from water flowing through the pond. While it is true
that removal of anoxic bottom water should improve habitat for

173



fishes during the winter, we have no records of fish kills having
occurred at Forge Pond during those years when overwinter
drawdowns were commonly done.

The rather limited public access for recreational fishing at
Forge Pond has historically limited the fisheries management
effort by this agency. It is my understanding that the Public
Access Board owns a right-of-way at Forge Pond but has yet to
develop it, A formally established public access site, coupled
with improved water quality conditions would certainly be
desirable before any intensive future fisheries management would
be contemplated.

We would be most happy to review data from any monitoring of
the proposed overwinter drawdown. Please feel free to contact me
if you have questions concerning this reply.

Thank you for submitting this report for review by the
Division of Fisheries and Wildlife.

Sincerely,

Robert P. Madore
Aquatic Biologist

cc. Clean Lakes Program, MDWPC
Pete Jackson, MDFW
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USEFUL CONVERSIONS

Multiply...

Acre
Acre
Acre
Acre
Acre

(ac)
(ac)
(ac)
(ac)
Feet (af)

Centimeters (cm)
Cubic Feet (cu.ft)
Cubic Feet (cu.ft)
Cubic Feet (cu.ft)
Cubic Feet (sq.ft)
Cubic Feet/Second (cfs)
Cubic Feet/Second (cfs)
Feet (ft)
Feet (ft)
Kilograms (kg)
Kilometers (km)
Liters (1)
Liters (1)
Meters (m)
Milligrams/Liter (mg/1)
Micrograms/Liter (ug/1)
Square Kilometers (sq.km
Square Meters (sq.m)

by. ..

0.4047
43,560
4,047
0.00156
1613.3
0.3937
0.0283
0.0370
7.4805
28.32
1.7
0.6463
0.3048
0.0001894
2.205
0.6214
0.2642
057
094
0
0

0.3861
0.0001

to obtain...

Hectare (ha)
Square Feet (sq.ft)
Square Meters (sq.m)
Square Miles (sq.mi)
Cubic Yards (cy)
Inches (in)
Cubic Meters (cu.m)
Cubic Yards (cy)
Gallons (gal)
Liters (1)
Cubic Meters/Minute (cu.m/min)
Million Gallons/Day (mgd)
Meters (m)
Mile (mi)
Pounds (Ib)
Miles (mi)
Gallons (gal)
Quarts (qt)
Yards (yd)
Parts Per Million (ppm)
Parts Per Billion (ppb)
Square Miles (sq.mi)
Hectares (ha)
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GENERAL AQUATIC GLOSSARY

Abiotic - Pertaining to any non-biological factor or influence,
such as geological or meteorological characteristics.

Acid precipitation - Atmospheric deposition (rain, snow, dryfall)
of free or combined acidic ions, especially the nitrates,
sulfates and oxides of nitrogen and sulfur fumes from industrial
smoke stacks.

Adsorption - External attachment to particles,, the process by
which a molecule becomes attached to the surface of a particle.

Algae - Aquatic single-celled, colonial, or multi-celled plants,
containing chlorophyll and lacking roots, stems, and leaves.

Alkalinity - A reference to the carbonate and bicarbonate
concentration in water. Its relative concentration is indicative
of the nature of the rocks within a drainage basin. Lakes in
sedimentary carbonate rocks are high in dissolved carbonates
(hard-water lakes) whereas lakes in granite or igneous rocks are
low in dissolved carbonate (soft-water lakes).

Ammonia Nitrogen - A form of nitrogen present in sewage and is
also generated from the decomposition of organic nitrogen. It
can also be formed when nitrites and nitrates are reduced.
Ammonia is particularly important since it has high oxygen and
chemical demands, is toxic to fish in un-ionized form and is an
important aquatic plant nutrient because it is readily available.

Anadromous - An adjective used to describe types of fish which
spawn in freshwater rivers but spend most of their adult lives in
the ocean. Before spawning, anadromous adult fish ascend the
rivers from the sea.

Anoxic - Without oxygen.

Aphotic Zone - Dark zone, below the depth to which light
penetrates. Generally equated with the zone in which most
photosynthetic algae cannot survive, due to light deficiency.

Aquifer - Any geological formation that contains water,
especially one that supplies wells and springs; can be a sand and
gravel aquifer or a bedrock aquifer.

Artesian - The occurrence of groundwater under sufficient
pressure to rise above the upper surface of the aquifer.

Assimilative Capacity - Ability to incorporate inputs into the
system. With lakes, the ability to absorb nutrients or other
potential pollutants without showing extremely adverse effects.
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Attenuation - The process whereby the magnitude of an event is
reduced, as the reduction and spreading out of the impact of
storm effects or the removal of certain contaminants as water
moves through soil.

Background Value - Value for a parameter that represents the
conditions in a system prior to a given influence in space or
time.

Bathymetry - The measurement of depths of water in oceans, seas,
or lakes or the information derived from such^measurements.

Benthic Deposits - Bottom accumulations which may contain bottom-
dwelling organisms and/or contaminants in a lake, harbor, or
stream bed.

Benthos - Bottom-dwelling organisms living on, within or attached
to the sediment. The phytobenthos includes the aquatic
macrophytes and bottom-dwelling algae. The zoobenthos (benthic
fauna) includes a variety of invertebrate animals, particularly
larval forms and molluscs.

Benthic - Living or occupying space at the bottom of a water
body, on or in the sediment.

Best Management Practices - (BMP's) State-of-the-art techniques
and procedures used in an operation such as farming or waste
disposal in order to minimize pollution or waste.

Bio-available - Able to be taken up by living organisms, usually
refers to plant uptake of nutrients.

Biocide - Any agent, usually a chemical, which kills living
organisms.

Biological Oxygen Demand - The BOD is an indirect measure of the
organic content of water. Water high in organic content will
consume more oxygen due to the decomposition activity of bacteria
in the water than water low in organic content. It is routinely
measured for wastewater effluents. Oxygen consumption is
proportional to the organic matter in the sample.

Biota - Plant (flora) and animal (fauna) li-fe.

Biotic - Pertaining to biological factors or influences,
concerning biological activity.

Bloom - Excessively large standing crop of algae, usually visible
to the naked eye.
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Bulk Sediment Analysis - Analysis of soil material or surface
deposits to determine the size and relative amounts of particles
composing the material.

CFS - Cubic feet per second, a measure of flow.

Chlorophyll - Major light gathering pigment of all photosynthetic
organisms imparting the characteristic color of green plants.
Its relative measurement in natural waters is indicative of the
concentration of algae in the water.

Chlorophyte - Green algae, algae of the division Chlorophyta.

Chrysophyte - Golden or golden-brown algae, algae of the division
Chrysophyta.

Color - Color is determined by visual comparison of a sample with
known concentrations of colored solutions and is expressed in
standard units of color. Certain waste discharges may turn water
to colors which cannot be defined by this method; in such cases,
the color is expressed qualitatively rather than numerically.
Color in lake waters is related to solids,, including algal cell
concentration and dissolved substances.

Combined Sewer - A sewer intended to serve as both a santiary
sewer and a storm sewer. It receives both sewage and surface
runoff,

Composite Sample - A number of individual samples collected over
time or space and composited into one representative sample.

Concentration - The quantity of a given constituent in a unit of
volume or weight of water.

Conductivity - The measure of the total ionic concentration of
water. Water with high total dissolved solids (TDS) level would
have a high conductance. A conductivity meter tests the flow of
electrons through the water which is heightened in the presence
of electrolytes (TDS).

Confluence - Meeting point of two rivers or streams.

Conservative Substance - Non-interacting substance, undergoing no
kinetic reaction; chlorides and sodium are approximate examples.

Cosmetic - Acting upon symptoms or given conditions without
correcting the actual cause of the symptoms or conditions.

Cryptophyte - Small, flagellated algae of variable pirjment
composition, algae of the division Cryptophyta, which is often
placed under other taxonomic divisions.
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Cyanophyte - Bluegreen algae, algae of the division Cyanophyta,
actually a set of pigmented bacteria.

Decomposition - The metabolic breakdown of organic matter,
releasing energy and simple organic and inorganic compounds which
may be utilized by the decomposers themselves (the bacteria and
fungi).

Deoxygenation - Depletion of oxygen in an area, used often to
describe possible hypolimnetic conditions, process leading to
anoxia.

Diatom - Specific type of chrysophyte, having a siliceous
frustule (shell) and often elaborate ornamentation., commonly
found in great variety in fresh or saltwaters. Often placed in
its own division, the Bacillariophyta.

Dinoflagellate - Unicellular algae, usually motile, having
pigments similar to diatoms and certain unique features. More
commonly found in saltwater. Algae of the division Pyrrhophyta.

Discharge Measurement - The volume of water which passes a given
location in a given time period, usually measured in cubic feet
per second (cfs) or cubic meters per minute (m /min).

Dissolved Oxygen (P.O.) - Refers to the uncombined oxygen in
water which is available to aquatic life. Temperature affects
the amount of oxygen which water can contain. Biological
activity also controls the oxygen level. D.O. levels are
generally highest during the afternoon and lowest just before
sunrise.

Diurnal - Varying over the day, from day time to night.

Domestic Wastewater - Water and dissolved or particulate
substances after use in any of a variety of household tasks,
including sanitary systems and washing operations.

Drainage Basin - A geographical area or region which is so sloped
and contoured that surface runoff from streams and other natural
watercourses is carried away by a single drainage system by
gravity to a common outlet. Also referred to as a watershed or
drainage area. The definition can also be -applied to subsurface
flow in groundwater.

Dystrophic - Trophic state of a lake in which large quantities of
nutrients may be present, but are generally unavailable (due to
organic binding or other causes) for primary production. Often
associated with acid bogs.
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Ecosystem - A dynamic association or interaction between
communities of living organisms and their physical evironment.
Boundaries are arbitrary and must be stated or implied.

Elutriate - Elutriate refers to the washings of a sample of
material.

Epilimnion - Upper layer of a stratified lake. Layer that is
mixed by wind and has a higher average temperature than the
hypolimnion. Roughly approximates the euphotic" zone.

Erosion - The removal of soil from the land surface, typically by
runoff water.

Eskar - A winding, narrow ridge of sand or gravel deposited by a
stream flowing under glacial ice.

Euglenoid - Algae similar to green algae in pigment composition,
but with certain unique features related to food storage and cell
wall structure. Algae of the division Euglenophyta.

Eutrophic - High nutrient, high productivity trophic state
generally associated with unbalanced ecological conditions and
poor water quality.

Eutrophication - Process by which a body of water ages, most
often passing from a low nutrient concentration, low productivity
state to a high nutrient concentration, high productivity stage.
Eutrophication is a long-term natural process, but it can be
greatly accelerated by man's activities. Eutrophication as a
result of man's activities is termed cultural eutrophication.

Evapotranspiration - Process by which water is lost to the
atmosphere from plants.

Fauna - A general term referring to all animals.

Fecal Coliform Bacteria - Bacteria of the coli group that are
present in the intestines or feces of warm-blooded animals. They
are often used as indicators of the sanitary quality of the
water. In the laboratory they are defined as all organisms which
produce blue colonies within 24 hours when incubated at 44.5°C±
0.2 C on M-FC medium (nutrient medium for bacterial growth).
Their concentrations are expressed as number*of colonies per 100
ml of sample.

Fecal Streptococci Bacteria - Bacteria of the Streptococci group
found in intestines of warm-blooded animals. Their presence in
water is considered to verify fecal pollution. .They are
characterized as gram positive, cocciod bacteria which are
capable of growth in brain-heart infusion broth. In the
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laboratory they are defined as all the organisms which produce
red or pink colonies within 48 hours at 35 C+. 1.0 C on KF medium
(nutrient medium for bacterial growth). Their concentrations are
expressed as number of colonies per 100 ml of sample.

Flora - A general term referring to all plants.

Food Chain - A linear characterization of energy and chemical
flow through organisms such that the biota can be separated into
functional units with nutritional interdependence. Can be
expanded to a more detailed characterization with multiple
linkage, called a food web.

French (or Pit) Drain - Water outlet which allows fairly rapid
removal of water from surface, but then allows subsurface
percolation. Generally consists of sand and gravel layers under
grating or similar structure, at lowest point of a sloped area.
Water runs quickly through the coarse layers, then percolates
through soil, often without the use of pipes. The intent is the
purification of most percolating waters.

Grain Size Analysis - A soil or sediment sorting procedure which
divides the particles into groups depending on size so that their
relative amounts may be determined. Data from grain size
analyses are useful in determining the origin of sediments and
their behavior in suspension.

Groundwater - Water in the soil or underlying strata, subsurface
water.

Hardness - A physical-chemical characteristic of water that is
commonly recognized by the increased quantity of soap required to
produce lather. It is attributable to the presence of alkaline
earths (principally calcium and magnesium) and is expressed as
equivalent calcium carbonate

Humus - Humic substances form much of the organic matter of
sediments and water. They consist of amorphous brown or black
colored organic complexes.

Hydraulic Detention Time - Lake 'water retention time, amount of
time that a random water molecule spends in a water body; time
that it takes for water to pass from an inlet to an outlet of a
water body.

Hydraulic Dredging - Process of sediment removal using a floating
dredge to draw mud or saturated sand through a pipe to be
deposited elsewhere.

Hydrologic Cycle - The circuit of water movement from the
atmosphere to the earth and return to the atmosphere through
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various stages or processes such as precipitation, interception,
runoff, infiltration, percolation, storage, evaporation, and
transpiration.

Hypolimnion - Lower layer of a stratified lake. Layer that is
mainly without light, generally equated with the aphptic zone,
and has a lower average temperature than the epilimnion.

Impervious - Not permitting penetration or percolation of water.

Intermlttant - Non-continuous, generally referring to the
occasional flow through a set drainage path. Flow of a
discontinuous nature.

Kame - A short, steep ridge or hill of stratified sand or gravel
deposited in contact with glacial ice.

Kjeldahl Nitrogen - The total amount of organic nitrogen and
ammonia in a sample, as determined by the Kjeldahl method, which
involves digesting the sample with sulfuric acid, transforming
the nitrogen into ammonia, and measuring it.

Leachate - Water and dissolved or particulate substances moving
out of a specified area, usually a landfill, by a completely or
partially subsurface route.

Leaching - Process whereby nutrients and other substances are
removed from matter (usually soil or vegetation) by water. Most
often this is a chemical replacement action, prompted by the
quality of the water.

Lentic - Standing, having low net directional motion. Refers to
lakes and impoundments.

Limiting Nutrient - That nutrient of which there is the least
quantity, in relation to its importance to plants. The limiting
nutrient will be the first essential compound to disappear from a
productive system, and will cause cessation of productivity at
that time. The chemical form in which the nutrient occurs and
the nutritional requirements of the plants involved are important
here.

Limnology - The comprehensive study of lakes, encompassing
physical, chemical and biological lake conditions.

Littoral Zone - Shallow zone occurring at the edge of aquatic
ecosystems, extending from the shoreline outward to a point where
rooted aquatic plants are no longer found.

Loading - Inputs into a receiving water that may exert a
detrimental effect on some subsequent use of that water.
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Lotlc - Flowing, moving. Refers to streams or rivers.

Macrofauna - A general term which refers to animals which can be
seen with the naked eye.

Macrophyte - Higher plant, macroscopic plant, plant of higher
taxonomic position than algae, usually a vascular plant. Aquatic
macrophytes are those macrophytes that live completely or
partially in water. May also include algal mats under some
definitions.

Mesotrophic - An intermediate trophic state, with variable but
moderate nutrient concentrations and productivity.

Metalimnion - The middle layer of a stratified lake, constituting
the transition layer between the epilimnion and hypolimnion and
containing the thermocline.

Mixis - The state of being mixed, or the process of mixing in a
lake.

MGD - Million gallons per day, a measure of flow.

Micrograms per Liter (ug/1) - A unit expressing the concentration
of chemical constituents in solution as mass (micrograms) of
solute per unit volume (liter) of water. One thousand micrograms
per liter is equivalent to one milligram per liter.

Nitrate - A form of nitrogen that is important since it is the
end product in the aerobic decomposition of nitrogenous matter. '
Nitrogen in this form is stable and readily available to plants.

Nitrite - A form of nitrogen that is the oxidation product of
ammonia. It has a fairly low oxygen demand and is rapidly
converted to nitrate. The presence of nitrite nitrogen usually
indicates that active decomposition is taking place (i.e., fresh
contamination).

Nitrogen - A macronutrient which occurs in the forms of organic
nitrogen, ammonia nitrogen, nitrite nitrogen and nitrate
nitrogen. Form of nitrogen is related to a successive
decomposition reaction, each dependent on the preceding one, and
the progress of decomposition can be determined in terms of the
relative amounts of these four forms of nitrogen.

Nitrogen fixation - The process by which certain bacteria and
bluegreen algae make organic nitrogen compounds (initially NH +)
from elemental nitrogen (N») taken from the atmosphere or
dissolved in the water.
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Non-point Source - A diffuse source of loading, possibly
localized but not distinctly definable in terms of location.
Includes runoff from all land types.

Nutrients - Are compounds which act as fertilizers for aquatic
organisms. Small amounts are necessary to the ecological balance
of a waterbody, but excessive amounts can upset the balance by
causing excessive growths of algae and other aquatic plants.
Sewage discharged to a waterbody usually contains large amounts
of carbon, nitrogen, and phosphorus. The concentration.of
carbonaceous matter is reflected in the B.O.D.. test. Additional
tests are run to determine the concentrations of nitrogen and
phosphorus. Storm water runoff often contributes substantial
nutrient loadings to receiving waters.

Oligotrophic - Low nutrient concentration, low productivity
trophic state, often associated with very good water quality, but
not necessarily the most desirable stage, since often only
minimal aquatic life can be supported.

Organic - Containing a substantial percentage of carbon derived
from living organisms; of a living organism.

Outwash - Sand and gravel deposited by meltwater streams in front
of glacial ice.

Overturn - The vertical mixing of major layers of water caused by
seasonal changes in temperature. In temperate climate zones
overturn typically occurs in spring and fall.

Oxygen Deficit - A situation in lakes where respiratory'demands
for oxygen become greater than its production via photosynthesis
or its input from the drainage basin, leading to a decline in
oxygen content.

Periphyton - Attached forms of plants and animals, growing on a
substrate.

pH - A hydrogen concentration scale from 0 (acidic) to 14 (basic)
used to characterize water solutions. Pur-e water is neutral at
pH 7.0.

Phosphorus - A macronutrient which appears -in waterbodies in
combined forms known as ortho- and poly-phosphates and organic
phosphorus. Phosphorus may enter a waterbody in agricultural
runoff where fertilizers are used. Storm water runoff from
highly urbanized areas, septic system leachate, and lake bottom
sediments also contribute phosphorus. A critical plant nutrient
which is often targeted for control in eutrophication prevention
plans.

186



Photic Zone - Illuminated zone, surface to depth beyond which
light no longer penetrates. Generally equated with the zone in
which photosynthetic algae can survive and grow, due to adequate
light supply. __

Photosynthesis - Process by which primary producers make organic
molecules (generally glucose) from inorganic ingredients, using
light as an energy source. Oxygen is evolved by the process as a
byproduct.

Phytoplankton - Algae which are suspended, floating or moving
only slightly under their own power in the water column. Often
this is the dominant algal form in standing waters.

Plankton - The community of suspended, floating, or weakly
swimming organisms that live in the open water of lakes and
rivers.

Point Source - A specific source of loading, accurately definable
in terms of location. Includes effluents or channeled discharges
that enter natural waters at a specific point.

Pollution - Undesirable alteration of the physical, chemical or
biological properties of water, addition of any substance into
water by human activity that adversely affects its quality.
Prevalent examples are thermal, heavy metal and nutrient
pollution.

Potable - Usable for drinking purposes, fit for human
consumption.

Primary Productivity (Production) - Conversion of inorganic
matter to organic matter by photosynthesizing organisms. The
creation of biomass by plants.

Riffle Zone - Stretch of a stream or river along which
morphological and flow conditions are such that rough motion of
the water surface results. Usually a shallow rocky area with
rapid flow and little sediment accumulation.

Riparian - Of, or related to, or bordering a watercourse..

Runoff - Water and its various dissolved su-bstances or
particulates that flows at or near the surface of land in an
unchanneled path toward channeled and usually recognized
waterways (such as a stream or river).

Saturation Zone - Volume of soil in which all pore spaces are
filled with water; the volume below the water table.
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Secchi Disk Transparency - An approximate evaluation of the
transparency of water to light. It is the point at which a black
and white disk lowered into the water is no longer visible.

Secondary Productivity - The growth and reproduction (creation of
bioinass) by herbivorous (plant-eating) organisms. The second
level of the trophic system.

Sedimentation - The process of settling and deposition of
suspended matter carried by water, sewage, or other liquids, by
gravity. It is usually accomplished by reducing the velocity of
the liquid below the point at which it can transport the
suspended material.

Sewage (Wastewater) - The waterborne, human and animal wastes
from residences, industrial/commercial establishments or other
places, together with such ground or surface water as may be
present,

Specific Conductance - Yields a measure of a water sample's
capacity to convey an electric current. It is dependent on
temperature and the concentration of ionized substances in the
water. Distilled water exhibits specific conductance of 0.5 to
2.0 micromhos per centimeter, while natural waters show values
from 50 to 500 micromhos per centimeter. In typical New England
lakes, Specific Conductance usually ranges from 100-300 micromhos
per cm. The specific conductance yields a generalized measure of
the inorganic dissolved load of the water.

Stagnant - Motionless, having minimal circulation or flow.

Standing Crop - Current quantity of organisms, biomass on hand.
The amount of live organic matter in a given area at any point in
time.

Storm Sewer - A pipe or ditch which carries storm water and
surface water, street wash and other wash waters or drainage, but
excludes sewage and industrial wastes.

Stratification - Process whereby a lake becomes separated into
two relatively distinct layers as the result of temperature and
density differences. Further differentation of the layers
usually occurs as the result of chemical and biological
processes. In most lakes, seasonal changes in temperature will
reverse this process after some time, resulting in the mixing of
the two layers.

Stratified Drift - Sand, gravel or other materials deposited by a
glacier or its meltwater in a layered manner, according to
particle size.
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Substrate - The base of material on which an organism lives, such
as cobble, gravel, sand, muck, etc.

Succession - The natural process by which land and vegetation
patterns change, proceeding in a direction determined by the
forces acting on the system.

Surface Water - Refers to lakes, bays, sounds, ponds, reservoirs,
springs, rivers, streams, creeks, estuaries, marshes, inlets,
canals, oceans and all other natural or artificial, inland or
coastal, fresh or salt, public or private waters at ground level.

Suspended Solids - Those which can be removed by passing the
water through a filter. The remaining solids are called
dissolved solids. Suspended solids loadings are generally high
in stream systems which are actively eroding a watershed.
Excessive storm water runoff often results in high suspended
solids loads to lakes. Many other pollutants such as phosphorus
are often associated with suspended solids loadings.

Taxon (Taxa) - Any hierarchical division of a recognized
classification system, such as a genus or .species.

Taxonomy - The division of biology concerned with the
classification and naming of organisms. The classification of
organisms is based upon a hierarchical scheme beginning with
Kingdom and progressing to the Species level or even lower.

Thermocline - Boundary level between the epilimnion and
hypolimnion of a stratified lake, variable in thickness, and
generally approximating the maximum depth of light penetration
and mixing by wind.

Till - Unstratified, unsorted sand, gravel, or other material
deposited by a glacier or its meltwater.

Trophic Level - The position in the food chain determined by the
number of energy transfer steps to that level; 1 = producer; 2 =
herbivore; 3, 4, 5 = carnivore.

Trophic State - The stage or condition of an aquatic system,
characterized by biological, chemical and physical parameters.

Turbidity - The measure of the clarity of a water sample. It is
expressed in Nephelometric Turbidity Units which are related to
the scattering and absorption of light by the water sample.

Volatile Solids - That portion of a sample which can be burned
off, consisting of organic matter, including oils and grease.
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Water Quality - A term used to describe the chemical, physical,
and biological characteristics of water, usually with respect to
its suitability for a particular purpose or use.

Watershed - Drainage basin, the area from which an aquatic system
receives water.

Zone of Contribution - Area or volume of soil from which water is
drawn into a well.

Zooplankton - Microscopic animals suspended in.the water;
protozoa., rotifers, cladocera, copepods and other small
invertebrates.
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TECHNICAL APPENDIX

This appendix includes raw data, calculation sheets, and
other information related to the study of Forge Pond conducted by
EEC, Inc. It is intended to function as a support document for
the report entitled "Diagnostic/Feasibility Study for the
Management of Forge Pond". The information contained in this
document is divided into five sections: soils information, water
quality data, biological data, calculation sheets, and a sample
survey questionaire.
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SOILS INFORMATION
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SOILS OF THE FORGE POND
WATERSHED: NORTH AREA
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SOILS OF THE FORGE POND
WATERSHED: CENTRAL AREA
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SOILS OF THE FORGE POND
WATERSHED: SOUTH AREA
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Symbol Soil Type and Description

Ca, Cbf Canton series consists of nearly level to very steep, deep,
Cc well drained soils on uplands. They formed in glacial till

ground moraine and ice-contact stratified drift. Canton
soils have friable fine sandy loam surface soil and subsoil
with moderately rapid permeability, over a loamy coarse sand
to loamy fine sand substratum at 18 to 36 inches with rapid
permeability. Canton soils have a very stony or extremely
stony or extremely stony surface, except where stones have
been removed, and have stones below the surface. Major
limitations are related to slope and stoniness.

Ch Chatfield series consists of gently sloping to very steep,
moderately deep, well drained and somewhat excessively
drained soils on bedrock controlled uplands* They formed
in glacial till underlain by crystalline bedrock. Chatfield
soils have friable loam to sandy loam surface soil, subsoil
and substrata with moderate or moderately rapid permeability.
Depth to bedrock is 20 to 40 inches. In many places
Chatfield soils have a very stony or extremely stony
surface. Major limitations are related to depth to bedrock
and slope.

De Deerfield series consists of nearly level gently sloping,
deep, moderately well drained soils on glacial out wash
plains, terraces and deltas. They formed in sands.
Deerfield soils have loamy fine sand to sand surface soil
and subsoil with a rapid permeability. They have a seasonal
high water table at 18 to 36 inches. Major limitations are
related to wetness,

Fm Freetown series consists of nearly level, deep, very poorly
drained organic soils in depressions and on flat areas of
uplands and glacial outwash plains. They formed in 51 inches
to many feet of black, highly decomposed organic material
(muck) over sandy or loamy mineral material. Permeability
is moderate or moderately rapid. They have a water table
which is at or near the surface most of the year. Major
limitations are related to wetness and low strength.

Hg Hinckley series consists of nearly level to very steep,
deep, excessively drained soils on glacial outwash plains,
terraces, kames, and eskers. They formed in gravelly and
cobbly coarse textured glacial outwash. Hinckley soils have
friable or loose, gravelly and very gravelly sandy loam to
loamy coarse sand surface soil and subsoil with rapid
permeability, over loose stratified sands and gravels,
substratum at 12 to 30 inches which have very rapid
permeability. Major limitations are related to slopes and
droughtiness.
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Me Merrimac series consists of nearly level to steep, deep,
somewhat excessively drained soils on glacial outwash plains,
terraces and kames. They formed in water-sorted, sandy
glacial material. Merrimac soils have friable fine sandy
loam and sandy loam surface soil and subsoil with moderately
rapid permeability over a loose stratified sand and gravel
substrata at 18 to 30 inches with rapid permeability. They
have few limitations for most uses.

Pa, Pb, Paxton series consists of gently sloping to very steep, deep,
PC well drained soils on drumlins. They formed in compact

glacial till. Paxton soils have friable fine sandy loam
surface soil and subsoil with moderate permeability over a
firm or very firm fine sandy loam substratum (hardpan) at
15 to 38 inches with slow or very slow permeability. Paxton
soils have a very stony or extremely stony surface, except
where stones have been removed, and have stones below the
surface. 'Major limitations are related to slow permeability
in the substratum, slope and stoniness.

Qu Quonset series consists of nearly level to very steep, deep,
excessively drained soils on glacial outwash plains,
terraces, eskers and kames. They formed in water-sorted
sands, subrounded channery fragments and flagstones derived
principally from dark phyllite, shale or slate. Quonset
soils have a sandy loam or loamy sand surface soil and
subsoil with moderately rapid or rapid permeability, over
stratified very channery, shaley or slaty sands at 15 to 30
inches with very rapid permeability. Major limitations are
related to slope and droughtiness.

Rd, Re, Ridgebury series consists of nearly level and gently
Rs sloping, deep, poorly drained soils in depressions and

shallow drainageways of uplands. They formed in compact
glacial till* Ridgebury soils have friable sandy loam and
fine sandy loam surface soil and subsoil with moderate or
moderately rapid permeability, over a firm sandy loam and
fine sandy loam substratum (hardpan) at 10 to 13 inches with
slow or very slow permeability. They have a perched,
seasonal high water table at 0 to 18 inches. Ridgebury soils
have a very stony or extremely stony surface, except where
stones have been removed, and have stones below the surface.
Major limitations are related to stoniness, wetness, and slow
permeability.

Sc Scitico series consist of nearly level and gently sloping,
deep poorly drained soils in low areas of glacial lake beds
and coastal plain terraces. They formed in marine or
lacustrine sediments. Scitico soils have silt loam or silty
clay loam surface soil with moderate or moderately slow
permeability, over a firm silt loam, silty clay loam, silty
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clay or clay subsoil and substratum with slow or very slow
permeability. They have a high water table at 6 to 18
inches. Major limitations are related to wetness and slow
or very slow permeability in the substratum.

Sh, Si Scituate series consists of nearly level to sloping, deep,
moderately well drained soils in low areas and along drainage
ways on uplands. They formed in compact sandy glacial till.
Scituate soils have friable, fine sandy loam or sandy loam
surface soil and subsoil with moderately rapid permeability,
over a firm loamy sand or loamy fine sand substratum
(hardpan) at 18 to 34 inches with slow permeability. They
have a perched seasonal high water table at 18 to 24 inches.
Scituate soils have a very stony surface except where stones
have been removed, and they have stones below the surface.
Major limitations are related to wetness, slow permeability
and stoniness.

Sdf Sr Sudbury series consist of nearly level and gently sloping,
deep moderately well drained soils in depressions on glacial
outwash plains and terraces. They formed in water-sorted
sandy and gravelly materials. Sudbury soils have fine sandy
loam and sandy loam surface soil and subsoil which has
moderately rapid permeability, over loose stratified sand and
gravel substrata at 18 to 30 inches which has rapid
permeability. They have a seasonal high water table at 18 to
24 inches. Major limitations are related to wetness.

Sw Swansea series consists of nearly level, deep, very poorly
drained organic soils in depressions and low flat areas of
uplands and glacial outwash plains and terraces. They formed
in 16 to 51 inches of black, highly decomposed organic
material (muck) with moderate or moderately rapid
permeability, over sandy mineral material with very rapid
permeability. They have a water table that is at or near the
surface most of the year. Major limitations are related to
wetness and low strength.

Ud, GP Udorthents consist of areas from which soil material has been
has been excavated and areas where this material has been
deposited. The original soils were typically excessively
drained to moderately well drained and ranged from nearly
level to steep. This unit is in elongated, irregularly
shaped, and rectangular areas that range from 4 to 200 acres.
The depth of excavation and fill material ranges from 2 to 20
feet. Some areas of this unit have a central portion that is
level or nearly level and that has moderately sloping to
steep margins. The texture of the soil materials in this
unit generally ranges from sand and gravel to fine sandy
loam, but in some places it is loam or silt loam,
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Wn, Wo Windsor series consist of nearly level to very steep, deep,
Wp excessively drained soils on glacial outwash plains,

terraces, deltas and escarpments. They formed in sandy
glacial outwash. Windsor soils have very friable or loose
loamy sand or loamy fine sand surface soil, very friable or
loose loamy fine sand to sand subsoil over a very friable
or loose sand or fine sand substratum at 20 to 32 inches.
They have rapid permeability. Major limitations are related
to droughtiness and slope.

Ws Winooski series consist of nearly level, deep, moderately
well drained soils on floodplains. They formed in recent
alluvium. Winooski soils have a friable silt loam, very fine
sandy loam and loamy very fine sand surface soil and
substratum with moderate or moderately rapid permeability.
They are subject to brief but common flooding and have a
seasonal high water table at 18 to 24 inches. Major
limitations are related to wetness and flooding.

Wr, Wt, Woodbridge series consist of nearly level to steep, deep,
Wv, Wx moderately well drained soils on drumlins. They formed in

compact glacial till. Woodbridge soils have friable fine
sandy loam or sandy loam surface soil and subsoil with
moderate permeability over a firm, fine sandy loam or sandy
loam substratum at 15 to 38 inches with slow or very slow
permeability. They have a perched, seasonal high water table
at 18 to 24 inches. Major limitations are related to
wetness, slow permeability in the substratum, stoniness and
slope.

UL Urban Land Soil Complexes
(see the following types)

BoU BOXFORD-URBAN LAND COMPLEX consists of gently sloping, deep
moderately well drained Boxford soils and areas of Urban land
at low elevations near the ocean and tidal rivers. The
Boxford soils and Urban land areas are so intricately mixed
that it is not practical to separate them in mapping. This
map unit consists of about 75 percent Boxford and similar
soils and at least 25 percent Urban land. Urban land
consists of streets, parking lots, buildings and other
structures that obscure or alter the soils so that
identification is not feasible. For information on Boxford
soils, see "Boxford" series description.

CaU CANTON-URBAN LAND COMPLEX consists of nearly level to
moderately sloping, well drained Canton soils and areas of
Urban land. Although urban development has altered the soils
and landscapes in these areas, the soil can be identified at
widely separated points, and the general nature of the area
can be determined. Broad delineations are made on the map.
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This map unit consists of about 75 percent Canton and similar
soils and at least 25 percent Urban land and other disturbed
areas. Urban land consists of streets* parking lots,
buildings, and other structures. For information on Canton
soils see "Canton" series description.

HgU HINCKLEY-URBAN LAND COMPLEX consists of nearly level to
rolling, deep, excessively drained Hinckley soils and areas
of urban land. Although urban development has altered the
soils and landscapes in these areas, the soil can be
identified at widely separated points and the general nature
of the area can be determined. Broad delineations are made
on the map. This map unit consists of about 75 percent
Hinckley and similar soils and at least 25 percent urban
land and other disturbed areas. Urban land consists of
streets, parking lots, buildings, and other structures. For
information on Hinckley soils, see "Hinckley" series
description.

HoU ' HOLLIS-URBAN LAND COMPLEX consist of gently sloping to steep,
shallow, somewhat excessively drained Hollis soils and areas
of urban land. Although urban development has altered the
soils and landscapes in these areas, soils can be identified
at widely separated points and the general nature of the area
can be determined. Broad delineations are made on the map.
This map unit consists of about 75 percent Hollis and similar
soils and at least 25 percent Urban land and other disturbed
areas. Urban land consists of streets, parking lots,
buildings and other structures. For information on Hollis
soils, see "Hollis" series description.

MeU MERRIMAC-URBAN LAND COMPLEX consists of nearly level to
undulating, deep, somewhat excessively drained Merrimac soils
and areas of urban land. Although urban development has
altered the soils and landscapes on these areas, the soil
can be identified at widely separated points, and the general
nature of the area can be determined. Broad delineations are
made on the map. This map unit consists of about 75 percent
Merrimac and similar soils and at least 25 percent urban land
and other disturbed areas. Urban land consists of streets,
parking lots, buildings, and other structures. For
information on Merrimac soils, see "Merrimac" series
description.

PaU PAXTON-URBAN LAND COMPLEX consists of gently sloping to
steep, deep well drained Paxton soils and areas of Urban
land. Although urban development has altered the soils and
landscapes in these areas, the soil can be identified at
widely separated points, and the general nature of the area
can be determined. Broad delineations are made on the map.
This map unit consists of about 75 percent Paxton and similar
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soils and at least 25 percent Urban land and other disturbed
areas. Urban land consists of streets, parking lots,
buildings, and other structures. For information on Paxton
soils, see "Paxton" series description.

Slope Symbol Slope

A 0 - 3 %

B 3 - 8 %

C 8 - 1 5 %

D 15 - 25%
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WATER QUALITY DATA
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FLOW (CU.M/MIN) IN THE FORGE POND SYSTEM

STATION
DATE

05-02-85
05-20-85
D6-05-B5
06-17-85
07-01-85
07-15-85
08-01-85
08-12-85
OB-26-85
09-09-85
09-30-B5
12-03-85
01-08-86
02-10-86
03-10-86
04-07-86

MEAN
MAXIMUM
MINIMUM

F-l

13.6
20.7
13.1
13.3
10.4
10.?
17.0
8.8
9.5
21.8
3B.8
52.7
20.4
37,4
39.9
21.2

19.3
52.7
8.8

F-2

.8

.6

.4

.8

.8

.5

.7

.3
1.9
.3
.7
3.2
1.7
1.2
1.5
1.7

1.0
3.2
.3

F-3

15.8
12.9
6.8
6.8
4.8
1.2
3.1
.8

2.2
7.6
6.6
31.8
20.6
30.6
2B.1
25.8

9.3
31.6

.8

F-4

1.7
2.2
2.2
2.0
1.1
.7

3.4
.5

3.7
2.2
3.4
3.4
2.5
5.1
3.4
4.6

2.2
5.1
.5

F-6

24.8
21.2
15.3
11.9
13.6
11.9
6.0
3.4
2.5
23.5
41.8
77.3
38.2
63.8
67.5
62.7

22.4
77.3
2.5

TOTAL PHOSPWTE (UG/L AS P) IN THE FORGE POND SYSTEM

STATION
DATE

05-02-85
05-20-85
06-05-85
06-17-85
07-01-85
07-15-85
08-01-85
08-12-85
08-26-85
09-09-85
09-30-85
12-03-85
01-08-86
02-10-B6
03-10-86
04-07-86

MEAN
MAXIMUM
MINIMLH

MASS FLOW
<K6/YR>

F-l

20
50
70
40
60
30
52
30
90

240
35
53
10
20
25
10

52
240

10

631.64

F-2

10
50
55
20
55
30

380
700
45

300
120
53
20
10
22
30

119
700

10

39.06

F-3

10
60
55
20
85
40
70
35
IB
80
20
70
20
10
12
10

38
B5
10

290.25

F-4

50
30
40
20
35
20
40
15
15
60
28
45
20
30
22
10

30
60
10

45.97

205

F-5S

It)
30
40
80
55
20
51
13
23
50
48
55
30
20
15

•23

35
80
10

F-5M

45
20
56
20
72
30
52
75
45
40
30

44
75
20

F-5B

45
20

125
20

140
30

160
190
151
160
100
78
20
10

300
40

99
300

10

F-6

10
65
60
20
30
30
36
15
15
60
50
73
30
10
10
23

35
60
10

834.50



QRTHQPHOSPHATE (UG/L AS P> IN THE FORGE POND SYSTEM

STATION
DATE

05-02-B5
05-20-85
06-05-85
06-17-85
07-01-85
07-15-85
08-01-85
OB-12-B5
OB-26-85
09-09-85
09-30-85
12-03-85
01-08-86
02-10-86
03-10-66
04-07-86

MEAN
MAX! HIM
MINIMUM

KASS FLOW
(KG/YR)

F-l

10
10
10
20
10
10
10
ID
35
30
10
10
10
10
24
10

14
35
10

184.57

F-2

10
42
10
20
10
30

265
10
33
90
90
30
10
10
10
26

44
265

10

21.85

AMMONIA NITROGEN (MG/L AS N)

STATION
DATE

05-02-P5
05-20-85
06-05-85
06-17-65
07-01-85
07-15-85
08-01-85
08-12-85
08-26-85
09-09-85
09-30-85
12-03-85
01-08-86
02-10-86
03-10-86
04-07-86

MEAN
MAXIMUM
MINIMUM

MASS FLOW
(KG/YR)

F-l

.10

.04
.02
.10
.03
.05
.01
.02
.05
,03
.01
.02
.06
.09
.04
.01

.04

.10
.01

530.51

F-2

.10

.02

.02

.10

.03
.06
.74
.02
.06
.34
.27
.14
.02
.03
.02
.20

.14

.74

.02

82.50

F-3

10
ID
10
20
10
30
16
10
18
10
10
10
10
10
10
10

13
30
10

89.22

IN THE

F-4

10
10
10
20
10
10
10
10
10
10
10
10
ID
10
to
10

11
20
10

15.80

FORGE POND

F-3 F-4

.10

.02

.03

.10

.04

.04
.03
.03
.10
.02
.04
.04
.03
.04
.01
.02

.04
.10
.01

326.63

.10

.02

.01

. I D

.03

.01
.01
.01
.02
.02
.02
.07
.07
.03
.02
.01

.03
.10
.01

54.91

206

F-5S

10
10
10
20
10
10
10
10
10
10
10
10
10
10
10
23

11
23
10

SYSTEM

F-5S

.10

.02

.9!

.56

.01

.01

.01

.01

.03

.02

.17

.05

.03

.01

.01

.01

.07
.56
.01

F-5M

10
10
10
20
10
10
10
10
35
10
18

14
35
10

F-5M

.10

.02
,c:
.10
.01
.02
.16
.01
.74
.15
,24

.14
.74

0.00

F-5B

10
10
10
20
15
10

134
290
130
15
38
10
10
10
85
40

52
290

10

F-5B

.10

.06

.2?

. J O

.44

.12

.86
1.70
1.70
1.60

.78

.05

.03

.10
.70
.37

.56
1.70

.03

F-6

10
64
10
20
10
10
10
10
13
10
50
10
10
10
10
20

17
64
10

365.55

F-6

.10

.01

.02
,10
.01
.01
.01
.01
.05
.04
.07
.07
.02
.05
.01
.02

.04
.10
.01

948.04



NITRATE NITROGEN CMG/L AS N) IN THE FORGE POND SYSTEM

STATION
DATE

05-02-85
05-20-85
06-05-85
06-17-85
07-0 1-B5
07-15-85
08-01-85
08-12-85
08-26-85
09-09-85
09-30-85
12-03-85
01-08-86
02-10-86
03-10-86
04-07-86

MEAN
MAXIMUM
MINIMUM

F-l

.01

.02

.01

.02
1.96

.10
.60
.02
.06
.10
.06
.U
.05
.08
.09
,02

.22
1.96

.01

F-2

4.90
4.40
6.10
5.10
8.36
5.23
3.12
5.60
2.20
6.70
3.80
4.90
4.90
2.10
1.60

.06

4.32
8.36

.06

MASS FLOW 1883.67 2636.66
(KG/YR)

TOTAL KJEL.DAHL

STATION
DATE

05-02-85
05-20-85
06-05-85
06-17-85
07-01-85
07-15-85
08-01-65
08-12-85
08-26-85
09-09-65
09-30-65
12-03-85
01-OB-B6
02-10-86
03-10-86
04-07-86

MEAN
MAXIMUM
MINIMUM

NITROGEN

F-l

.36

.55

.56

.40

.84

.75
.43
.50

1.20
.60
.68
.53
.46
.96
.60
.35

.64
1.20
.35

(HG/U

F-2

.06
.29
.28
.46

1.50
.64

2.28
.32

1.10
1.26
1.50
1.30
.73
.93
.74
.50

.87
2.28

.06

F-3

.17

.18

.35

.32

.49

.02
1.07

.94
.75
.18
.10
.18
.41
.19
.11
.02

.34
1.07

.02

1699.98

> IN THE

F-3

.22
.26
.35
.21
.68
.54
.35
,42
.46
.58
.66
.77
.70
.64

1.60
.26

.56
1.60

.21

F-4

.02

.01

.01

.05
.50
.04
.23
.10
.01
.07
.01
.0?
.05
.06
.05
.02

.06
.50
.01

91.78

FORGE POND

F-4

,17
.36
.45
.19
.42
.72
.35
,39
.29
.53
.83
.35
.69
.57
.72
.22

.45
.83
.17

F-5S

.02
.08
.02
.03
.50
.02
.12
.01
.05
.03
.01
.20
.42
.11
.15
.02

.11

.50

.01

SYSTEM

F-5S

.23
.24
.32
.49
.61
.39
.26
.44
.40

1.03
.86
.79
.99
.46
.75
.68

.57
1.03

.23

F-5M

.48

.05

.03

.01
.10
.01
.10
.01
.83
.06
.01

.17

.83

.01

F-5M

.20
.41
.26
.82
.67
.59
.41
.67
.69

2.10
.61

.69
2.10

.20

F-5B

.U

.03

.05

.06
.24
.01
.05
.02
.13
.08
.03
.15
.15
.10
.04
.07

.09
.24
.01

F-5B

.23
.41
.34
.51

2. 10
.66

1.52
2.00
2.00

,38
2.30

.76
1.00

.53
1.10

.40

1.02
2.30

.23

F-6

.03

.05

.01

.03
,16
.01
.04
.02
.05
.04
.04
.23
.19
.12
.14
.02

.07

.23

.01

2639.06

F-6

.26
. .19

.34
.50
.?8
.56
.21
.36
.39
.08
.89
.72
.99
.62
.72
.40

.51
.99
.08

MASS FLOW 9382.10 602.37 6457.86 760.98 13820.73



NITROGEN:PHOSPHORUS RATIOS IN THE FORGE POND SYSTEM

STATION
DATE

D5-02-B5
05-20-85
06-05-85
06-17-85
07-01-85
07-15-85
08-01-85
08-12-85
08-26-85
09-09-85
09-30-85
12-03-85
Q1-GB-B6
02-10-86
03-10-86
04-07-86

MB*I
fttXIMLH
MINIMUM

F-l

42.52
26.15
18.70
24.29

106.68
64.77
54.07
39.55
31.88

6.65
61.26
29.76

161.85
118.87
63.00
84.58

58.41
161.85

6.65

F-2

1134.54
214.43
265.18
635.51
409.82
447.29
32.4?
19.33

167.64
60.66

100.97
267.42
643.51
692.66
243.15
42.67

336.08
1134.54

19.33

F-3

89,15
16.76
29.09
60.58
31.52
31.78
46.24
88.83

156.21
21.83
86.53
31.02

126.87
235-46
325.75
68.58

90.39
325.75

16,76

F-4

8.64
26.38
26.43
28.35
60.09
66.53
33.49
74.07
46.10
22.52
68.78
22.35
64.58
48.01
60.01
54.86

48.32
86.53

6.64

F-5S

56.92
24.69
19,43
14.94
54.45
46.96
16.85
79.57
44.92
48.42
41.55
41.15

107.44
65.15

137.16
69.57

54.33
137.16

14.94

F-5M

44.70
53.04
11.67
95.55
24.45
45.95
22.73
20.60
77.22

123.33
62.67

52.92
123.33

11.67

F-5B

19.81
49.72

7.10
65.61
36.23
51.28
22.39
24,29
32.25

6.63
53.20
26.67

131.44
144.02

8.71
26.86

44.26
144.02

6.63

F-6

66.75
6.58

13.43
60.58
87.02
43.82
16.07
60.81
66.37
3.37

42.34
29.75
89.92

169,U
196.60
41.74

62.27
196.60

3.37

TEMPERATURE (C) IN THE FORGE POND SYSTEM

STATICN
DATE

05-02-85
05-20-85
06-05-85
06-17-85
07-01-85
07-15-85
08-01-85
08-12-85
08-26-65
09-09-85
09-30-85
12-03-65
01-08-86 .
02-10-86
03-10-86
04-07-86

WXIMUM
MINIMUM

F-l

15.9
17.2
19.0
17.9
17.9
23.6
19.7
23.5
18.7
19.2
14.2

.3
-1.0
-1.0
-1.1
6.0

23.8
-1.1

F-2

14,2
14.2
11-6
12.0
12.1
14.9
14.1
14.8
14.8
13.5
12.6
2.C
.5

2.5
2.0
6.0

14.9
,5

F-3

15.7
17.0
18.1
16.9
17.2
17.2
17.2
18.4
15.5
20.1
16.8

.8
-.3

.5
1.6
e.o

20.1
-.3

F-4

15.2
14.4
16.1
U.4
16.5
22.0
17.3
21.5
16.0
19.0
14.0

.8
-.8

-1.0
-1.0
5.6

22.0
-1.0

F-5S

15.3
17.0
20.7
19.8
21.4
25.5
23.6
26.2
22.2
21.8
18.2
2.5
-.3
-.8

-1.0
8.0

26.2
-1.0

F-5M

11.5
14.9
15.5
17.7
18.2
15.6
20.1
19.3
17.5
19.0
16.0

20.1
11.5

F-56

9.1
ioa
10,2
10.7
10.7
12.0
11.1
11.1
11.6
11.8
12.2
2.9
2.5

- 3.2
3.3
5.9

12.2
2.5

F-6

15.9
16.7
20.6
18.9
18.2
24,8
22.5
26.0
21.8
22.0
17.8
2.5

.9
0.0
1.5
8.0

26.0
0.0
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DISSOLVED OXYGEN (MB/L) IN THE FORGE POND SYSTEM

STATION
DATE

05-02-85
05-20-B5
06-05-85
96-17-85
07-01-65
07-15-85
08-01-85
08-12-85
QB-26-85
09-09-85
09-30-85
12-03-85
01-08-B6
02-10-86
03-10-86
04-07-86

MEAN
MAXIMUM
MINIMUM

F-l

7.4
7.9
4.8
3.3
4,6
1.3
1.4
.8
.4
.5

i.2
10,3
4.3
1.6
4.7
4.8

3.7 .
10.3

.4

F-2

10.7
10.0
10.3
9.2
9.2
6.6
8.1
9.0
8.2
8.6
8.4

11.5
11.8
10.9
9.0

10.4

9.6
n.6
8.1

F-3

9.6
8.0
7.1
6.4
6.7
3.6
6.7
5.8
5.5
6.1
6.6

12.6
9.6

10.6
10.5
10.3

7.9
12.6
3.6

F-4

7.2
5.7
3.0
3.5
1.5
1.2
2.9

.9
3.2
1.9
3.2

10.6
1.5
3.6
6.6
7.6

4.0
10.6

.9

F-3S

1D.O
9.6
9.4
9.0
8.3
7.8
7.7
8.8
7.0
9.4
6.7

10.6
10.4
9.5
8.6

10.8

9.0
10.8
6.7

t-ai

9.5
9.0
3.4
5.6
4.9
.6

1.9
.3
.5

2.4
.6

3.5
9.5

.3

i— yt

6.2
1.4
.1
.1

0.0
.4
.3
.1
.3
.3
.4

5.4
3.2

.6

.5
3.1

1.4
6.2
0.0

1~6

9.7
8.3
9.2
8.1
7.2
7.2
6.8
7.1
5.0
8.4
5.5

10.6
8.5
5.0
8.9

10.4

7.9
10.6
5.0

PERCENT D.O. SATURATION IN THE FORGE PCND SYSTEM

STATION
DATE

05-02-85
05-20-85
06-05-85
06-17-85
07-Q1-85
07-15-85
06-01-85
08-12-85
08-26-85
09-09-85
09-30-85
12-03-85
01-08-86
02-10-86
03-10-86
04-07-86

MEAN
MAXIMUM
MINIMLM

F-l

74.8
82.1
51.7
34.8
48.5
15.4
15.3
9.4
4.3
5.4

11.7
71.0
28.6
10.6
31.2
38,6

33.3
82.!
4.3

F-2

104.3
97.5
94.7
85.4
65.6
85.1
78. 8
6S.9
81 .0
62.5
79.0
83.2
81 .8
79.9
65.1
83.5

84.8
104.3
65.1

F-3

96.6
82.8
75.2
66.1
69,6
37.4
69.6
61.8
55.1
67.2
66.0
88.1
65.1
73.5
75.5
87.0

71.2
96.6
37.4

F-4

71.7
55.8
30.5
35.8
15.4
13.7
30.2
10.2
33.8
20.5
31.0
74.1
10.0
25.2
43.9
60.4

35.1
74.1
10.0

F-5S

99. B
99.3
104.8
98.6
93.6
95.3
90.8
108. 6
80.4
107.1
71.1
77.7
70.5
63.5
57.2
91.2

66.1
108. B
57.2 '

F-5M

87.1
89.0
34.1
58.8
52.0
6.0

20.9
3.2
5.2
25.9
6.1

35.3
89. D
3.2

F-5B

53.8
12.4
.9
.9

0.0
3.7
2.7
,9

2.8
2.8
3.7
40.0
23.5
4.5
3.7
24.8

11.3
53. B
0.0

F-6

98.1
85.3
102.4
87.1
76.4
66.8
78.5
B7.5
57.0
96.1
57.9
77.7
59.6
34.2
63.5
87.8

77.2
102.4
34.2
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TOTAL ALKALINITY <MG/L AS CAC03) IN THE FORGE PCND SYSTEM

STATION
DATE

05-02-85
05-20-85
06-05-85
06-17-85
07-01-85
07-15-85 .
08-01-85
08-12-85
08-26-85
Q9-Q9-85
09-30-85
12-03-85
01-08-86
02-10-86
03-10-86
04-07-86

MEAN
MAXIMUM
MINIMUM

F-l

31
32
37
32
30
50
32
64
54
35
32
22
32
31
24
24

35
64
22

F-2

19
22
22
22
23
26
32
21
29
26
24
20
23
20
25
24

24
32
19

F-3

22
24
25
25
25
21
19
.21
17
28
32
25
21
20
18
17

22
32
17

F-4

20
18
21
21
22
23
16
27
16
21
21
14
24
20
23
17

20
27
14

F-5S

19
24
24
32
26
27
27
28
29
28
32
24
3
17
9
20

23
32
3

F-3M

22
24
24
25
27
27
37
31
45
30
34

30
45
22

F-5B

22
25
26
23
34
30
43
53
51
59
44
23
27
26
38
24

34
59
22

F-6

23
22
25
32
26
27
28
28
31
2B
32
24
23
23
21
22

26
32
21

PH (S.U.) IN THE FORGE POND SYSTEM

STATION
DATE

05-02-85
05-20-85
06-05-85
06-17-85
07-01-85
07-15-85
08-01-65
08-12-85
08-26-85
09-09-85
09-30-85
12-03-85
01-08-86
02-10-86
03-10-86
04-07-86

MAXIMUM
MINIMUM

F-l

6.8
6.8
6.7
6.7
6.6
6.6
6.6
6.9
6.6
6.1
6.2
6.8
6.5
6.5
6.4
6.6

6.9
6.1

F-2

6.9
6.9
6.8
6.8
6.8
6.9
6.9
6.9
6.9
6.9
6.8
6.9
6.7
6.8
6.6
6.9

6.9
6.6

F-3

6.9
7.0
6.0
4.8
6.9
6.5
6.7
6.7
6.6
6.7
6.9
7.0
6.6
6.6
6.5
6.8

7.0
6.5

F-4

6.6
6*6
6.3
6.5
6.3

• 6.5
6.4
6.4
6.4
6.3
6.3
6.7
5.7
5.7
6.0
6.6

6.7
5.7

F-5S

7.1
7.0
7.2
7.2
7.1
7.1
7.1
7.4
7.2
7.6
7.0
6.9
6.7
6.7
6.1
6.8

7.6
6.1

F-5M

6.9
7.0
7.0
7.0
7.0
6.8
6.6
6.8
6.9
6.8
6.9

7.0
6.8

F-5B

6.8
7.1
6.8
6,8
«*.<?
6.8
6.8
6.8
6.9 -
6.9
6.7
6.9
6.6
6.7
6.6
6.6

7.1
6.6

F-6

7.3
7.0
7.1
? _ i
?.;

7.0
7.1
7.2
7,1
7.5
7.0
6.9
6.8
6.7
6.6
6.9

7.5
6.6
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TOTAL DISSOLVED SOLIDS <MB/L> IN THE FORSE POND SYSTEM

STATION
DATE

05-02-85
05-20-85
06-05-85
06-17-85
07-01-85
07-15-85
08-01-85
08-12-85
QB-2<5-85
09-09-85
09-30-85
12-03-85
01-08-86
Q2-1Q-86
03-10-86
04-07-86

MEW
MAXWIH
MINIUM

F-l

201
179
1B8
216
56

261
233
191
232
193
187
181
240
US
164
160

192
261

56

F-2

149
163
152
209
173
228
120
197
179
20?
180
156
149
183
155
172

173
228
120

F-3

116
123
100
147
127
139
143
68

152
133
123
121
107
152
115
105

123
152
68

F-4

60
57
69
87
67
79
67
97
93
79
95
69

101
92

149
79

85
149
57

F-5S

144
151
121
179
153
167
176
152
161
191
165
135
152
121
63
41

142
191

41

F-5M

145
160
117
171
63

164
159
136
164
163
171

147
171
63

F-5B

141
127
137
176
83

179
178
159
183
153
171
135
191
144
168
131

154
191
83

F-6

148
146
132
165
136
161
172
155
157
164
165
136
104
123
140
115

145
172
104

CONDUCTIVITY (UMHOS/CW IN THE FORGE POND SYSTEM

STATION
DATE

05-02-85
05-20-85
06-05-85
06-17-85
07-01-85
07-15-85
08-01-85
08-12-85
08-26-85
S9-0?-85
0?-30-B5
12-03-85
01-08-86
02-10-86
03-10-86
04-07-86

MEttJ
MAXIMUM
MINIMUM

F-l

370
350
350
360
380
400
350
430
400
270
295
430
500
3JO
375
350

370
500
270

F-2

225
250
260
255
210
290
260
290
265
250
250
330
325
270
305
198

265
330
198

F-3

215
225
210
205
250
240
200
250
240
200
205
260
280
208
218
280

230
280
200

F-4

114
104
112
104
124
131
93

137
113
112
112
154
172
114
134
112

121
172
93

F-5S

280
270
280
290
340
320
295
310
310
250
270
335
280
172
127
270

275
340
127

F-SM

270
270
260
290
325
300
295
290
325
260
270

289
325
260

F-5B

260
270
260
290
325
310
300
330
325
280
280
330
390
275
355
270

304
390
260

F-6

270
260
260
260
380
248
285
320
315
260
270
340
330
270
305
270

290
380
248
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TOTAL SUSPENDED SOLIDS <MG/L) IN THE FORGE FOND SYSTEM

STATION
DATE

05-02-85
05-20-85
04-05-85
06-17-85
07-01-85
07-15-85
08-01-85
08-12-85
08-26-85
09-09-85
09-30-85
12-03-85
01-08-86
02-10-86
03-10-86
04-07-86

MEAN
MAXIMUM
MINIMUM

F-l

2.8
1.2
1.2
4.8
.8
2.4
2.8
9.1
11.0
2.5
1.6
1.2
3.2
.4

1.0
.4

2.9
11.0

.4

F-2

1.6
2.8
,4
9.6
4.4
2.4
7.6
1.2

13.0
3.6
2.0
1.6
7.8
2.0
2.0
2.8

4.0
13.0

.4

F-3

1.2
1.6
.4

7.2
1.6
3.2
.8
4.8
3.6
.8

4.8
1.2

14.0
4.0
1.0
2.4

3.3
14.0

.4

F-4

1.6
.8
.8

7.2
2.0
3.1
2.0
2.7
3.2
2.4
.4
.8

6.0
4.0
2.0
.4

2.5
7.2
.4

F-5S

2.4
.8
.4

11.0
3.6
2.0
1.2
2.0
5.2
3.6
2.4
.4

5.6
2.8
3.0
2.4

3.0
11.0

.4

F-5M

4.0
3.2
.8
6.8
2.8
5.3
9.6
6.4
3.6
1.2
3.2

4.3
9.6
.8

F-5B

2.0
4.0
1.2
6.0
2.4
1.6
7.6
3.2
5.2
4.4
4.2
1.2

22.0
3.6

15.0
2.4

5.4
22.0
1.2

F-6

2.0
.4
.4
6.0
2.8
3.6
.8
1.2
2.4
5.2
7.6
1.6
1.2
2.0
1.0
2.0

2.5
7.6
.4

CHLORIDE CMG/L) IN THE FORGE POND SYSTEM

STATION
DATE

05-02-85
05-20-85
06-05-85
06-17-85
07-01-85
07-15-85
08-01-85
08-12-85
08-26-85
09-09-85
09-30-85
12-03-85
01-08-86
02-10-86
03-10-B6
04-07-86

MEAN
MAXIMUM
MINIMUM

F-l

66
65
91
67
66
7t
61
67
72
73
60
65
86
65
68
63

69
91
60

F-2

26
23
38
27
24
26
20
27
27
25
29
25
36
30
30
34

26
38
20

F-3

32
27
33
30
29
33
26
32
35
28
31
28
44
38
36
32

32
44
26

F-4

10
6

12
10
7
8
6
8
8
5
14
10
14
32
11
13

11
32
5

F-5S

45
49
54
46
47
46
48
49
47
50
50
45
32
30
19
50

44
54
19

F-5M

47
46
82
49
49
47
44
82
45
51
51

54
82
44

F-5B

47
44
58
46
45
47
46
43
48
51
51
47
60
55
54
50

50
60
43

F-6

53
44
53
47
44
49
46
78
55
45
51
48
48
55
52
52

51
78
44
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Table A. Water quality characteristics of tributaries infrequently
sampled in the Forge Pond watershed.

SITES F7

DATES :

Parameters (units)
Flow
Ammonia-N
Nitrate-N
Total Kjeldahl-N
Orthophosphate-P
Total-P
Total Alkalinity
PH
Dissolved Oxygen
Temperature
Total Susp. Solids
Total Dtss. Solids
Conductivity
Chloride
Fecal Coliform
Fecal streptococci

(m3/min)

(mg/1)

(mg/1)

(mg/1)

(ug/l)

(ng/l)

(mg/1)

(S.U.)

(mg/1)

(°C)

(mg/1)

(mg/1)

(umhos/cm)

(mg/1)

(*/100ml)
(*/100ml)

8/1/85

0.12
0.66
0.053
1.3
114

246

6.5

6.2

2.2

17.6
3.2

80

72

A

900

2395

9/9/85

0.09
0.40
0.058
3.1
-

70

9.8

6,3

1.3

17.5

2.1

101
73

9
-

-

9/30/85

0.07
0.17
0.036
0.89
50

80

12

5.8

2.7

15.6
0.4

108

93

8.5

24

0

12/3/85 4/7/86

0.51
0.027
0.05
0.49
10

73

10

6.3
3.6

0

1.2

64

109

19

0

11

0.51
0.012
0.015
0.33
10

10

6.3

5.3

5.4

5.2

1.6

37

69

6.8

0

2
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Table A. (continued)

SITES

DATES :

Parameters
Flow
NH3-N

N03-N

TKN
Ortho-P
Total-P

Total Alk.

PH

D.O.

Temperature
TSS
TD5
Cond
Chloride
FC
FS

F8
2/10/86

0.17
0.01
0.49
0.85
10

10

8.3

5.6

10.2
0.9
1.6

72

135

21

7

0

4/7/86

0.51
0.01
0.02
0.19
10

10

6.8

5.6

10.8
5.0

1.2

61

138

20

7

2

F9

8/1/85

0.51
0.01
0.054

0.82
25

165

1

6.2
-

-

52

23

37

2
-

—

F10

8/1/85

0.51
0.01
0.083

0.52
68

250

1.3

6.0
-
_

62

20

28

1
-

—

MEAN

0.33
0.15
0.10
0,93
37
102
6.9
-

5.2
-

12.9
63

84

10
10.1*
6.9*

RANGE

0.07-0.51
0.01-0.66

0.02-0.49

0.19-1.3

10-114
10-250
1-12
5.3-6.3
1.3-10.8
0-17.6
0.4-62

20-108
28-138
1-21
0-900

0-2395

* denotes a geometric mean
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Table B. Water quality characteristics of water samples from wells in
the Forge Pond watershed.

Wells FA

DATES: 8/26/85

£B

8/26/85

EC
8/26/85

ED

8/26/85

FE
8/26/85

Parameters (units)
Ammonia-N
Nitrate-N
Total Kjeldahl-N
Orthophosphate-P
TOtal-P
Total Alkalinity

pH
Total 5usp. Solids

Total Diss. Solids
Conductivity

Chloride
Iron

Manganese
Fecal Coliform
Fecal Streptococc

(mg/l)
(mg/l)
(mg/l)

(ug/1)

(ug/1)

(mg/l)

(S.U.)

(mg/l)

(mg/l)
(nmhos/cm)

(mg/1)

(mg/l)

(mg/l)
(*/ 100ml)

i(*/IOOml)

0.016

0.016

0.071

10

10

17

6.5

0.4

41

77

1.0

0.1

0.02

0

0

0.016

0.055

0.12
10

10

11

6.5

0.8

13

59

2.5

0.2

0.02
0

0

0.013

0.11

0.11 ,

10

13

17

6.6

0.4

53

116

5.5

0.04

0.02

0

0

0.010

0.0 13
0.62
10

15

14

6.3

3.2

209

260

38

1.1
0.03
0

0

0.048
1.1

0.045
10

38

46

6.7

0.4

161

210

12

0.39
0.02
0

0
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Table B. (continued)

Parameters
NH3-N
N03-N
TKN
Ortho-P

Tota!-P
Total Alk.

PH
T55

TDS

Cond

Chloride
Iron
Manganese
PC
F5

Wells EE
DATES: 8/26/85

0.1
0.82

0.096
10

11

9.4

6.3

0.4

136

235

36

0.04
0.14
0
0

EG
8/26/85

0.025
4.2
0.095
40

58

17

6.3

0.4

405

580

98

0.22
0.02
0
0

EU
8/26/85

0.025
3.4
0.14
10

20

19

6.3

1.2

285

530

85

0.83
0.06
0
0

EL
8/26/85

0.024
18
0.081
45

53

31

6.3

0.4

420

580

63

0.4

0.02
0
0

ti
8/26/85

0.027
1.3
0.1
10

13

13

6.1

0.4

87

163

8

0.14
0.12
0
0

EK
8/26/85

0.027
2.1
0.13
10

10

32

6.2

0.4

159

260

260

0.04
0.02
0
20
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Table B. (continued)

Parameters
NH3-N
N03-N

TKN
Ortho-P
Total-P
Total Alk.

PH
T5S
TD5

Cond
Chloride

Iron
Manganese
FC
F5

Wells EL
DATES: 4/7/86

0.013
0.02
0.13

90
98

63

7.2
0.5
117
290

28
-

0

0

EM

4/7/86

0.010
0.02
0.10

18

18

49

7.4
2
97

210

6.8
-

0

0

EN
4/7/86

0.010
2.2
0.036
10

10

36

6.6
0.8
75

335

20
-

0

0

EQ
4/7/86

0.0 10
1.4
0.35
18

18

20

5.5
0.4
210

395

62
-

0

12

EE
4/7/86

0.010
1.1
0.43
10

18

21

5.6
2.8
21

445

75
-

0

0

EQ
4/7/86

0.010
0.02
0.41

10

55

21

6.1

2.4

9.3

490

78
-

0

0
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Table B. (continued)

Wells

DATES:

Parameters
NH3-N
N03-N
TKN
Ortho-P
Total-P
Total Alk.

PH
TS5
TD5
Cond
Chloride
Iron
Manganese
FC
F5

ER
4/7/86

0.010
0.02

0.13

10

10

52

6.6

1.6

213

600

93
-

-

0

0

FS

4/7/86

0.140
0.98

0.044

10

10

46

5.9

2.8

151

525

71
-

-

0

0

FT
4/7/86

0.010
0.082

0.084
10

300

41

5.7

1.2

80

72

17
-

-

0

0

EU
4/7/86

0.010
0.02

0.069
10

10

12

6.7

2.8

28

173

2.6
-

-

0

0

MEAN
-

0.031

1.76

0.16

19

38

28
-

1.2

144

315

40

0.29

0.04

0

1.3*

RANGE
-

0.010-0.10
4.2-0.016

0.045-0.62
10-90
10-300
9.4-63

5.5-7.4

0.4-2.8
21-420
59-600
26-98
0.04-0.83
0.02-0.12
0

0-12

geometric mean
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Table C. Water quality characteristics of tributaries sampled on 14 April
1986 in the Forge Pond watershed.

Sites
Parameters (units)
Flow (m3/min)
Ammonla-N (mg/1)
Nitrate-N (mg/l)
Total Kjeldahl-N (mg/l)
Orthophosphate-P (jig/l)
Total-P (ug/l)
Dissolved Oxygen (mg/l)
Temperature (^c)
Conductivity (jimhos/cm)

Sites
Parameters

Flow
NH3-N
N03-N
TKN
Ortho-P
Total-P
D.O.
Temperature
Cond

VF3

3.4
0.034
0.052
0.83
90
200

3.8

12.0
350

VF4

3.4

0.027

0.069

0.85

120

1100

3.9

12.0

355

BB1

7.7

0.01
0.022

0.27

10

10

10.8

7.5

70

G61

6.8

0.019

0.045

0.38

10

18

11.4

9.0

80

BB3

16.6

0.01

0.0125

0.37

10

10

10.4

8.5

100

GB2

15.3

0.0!

0.068

0.27

10

22

11.9

8.8

80

BBS

28.1

0.025
0.023

0,35

35

45
6.3

8.2

100

GB4

30.6

0.01

0.0125

0.36

10

10

11.0

10.4

90

VF1

2.6

0.012
0.045

0.39

10

10

10.4

6.2

84

MEAN

11.7

0.017

0.063

0.45

32

144

9.3
-

147

VF2

2.7

0.01

0.28

0.43

10

15
13.1

8.8

162

RANGE

2.6-30.6

0.01-0.034

0.0125-0.28

0.27-0.85

10-120

10-1100

3.8-13.1

6.2-12.0
70-355
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BIOLOGICAL DATA
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FECAL COUFORM (N/1QQML) IN THE FORGE POND SYSTEM FECAL STREPTOCOCCI (N/1QOHU IN THE FORGE POND SYSTEM

N>

STATION
DATE

05-02-85
05-20-85
06-05-85
06-17-85
07-01-85
07-15-85
08-01-85
08-12-85
08-26-85
09-09-85
09-30-85
12-03-85
01-08-86
02-10-86
03-10-86
04-07-86

MEW
(GEOMETRIC)

"HflXIHUN
MINIMUM

F-l

1
40
0

60
0
0
0
0

12
TNTC

0
8
2
0
0
3

2.6

60
0

F-2

0
137

0
220

4
103

TNTC
50

1280
TNTC

150
0
7
0

10
19

16.9

1280
0

F-3

1
105

7
180
72

0
0
5

470
TNTC

0
0
4
0
0
0

5.4

470
0

F-4

5
442

3
140

6
17

296
2
0

TNTC
14
2
0
0
0
0

6.5

442
0

F-5S

0
2
0
0
0
0

160
0
0

TNTC
130
37
5
0
0
2

3.0

160
0

F-6

0
15
8

30
19
80
17
3

36

3
10
5
0
0
0

6.5

80
0

Note: TNTC = Too Numerous To Count. These
results are excluded from the calculation
of summary statistics.

STATION
DATE

05-02-85
05-20-85
06-05-85
04-17-85
07-01-85
07-15-85
08-01-65
08-12-85
B8-26-85
09-09-85
09-30-85
12-03-85
01-08-86
02-10-86
03-10-86
04-07-86

HEW
(GEOMETRIC)
NVUMLM
MINIMUM

F-l

6
0

162
80

325
194
576
450
130
130
99

TNTC
11

1
0
2

32.4

576
0

F-2

2?
0

144
900

2630
800
18

3600
1090
560

we
TNTC
321

0
48
25

119.1

3600
0

F-3

5
0

157
430

1660
1030
1?88

600
2090

138
40
e

51
3
1
0

56.1-

2090
0

F-4

9
0

94
4600
2415
1420
2230

400
760
185
46

2
11

0
11
6

65.3

4600
0

F-5S

0
0

2090
0
0
6

5495
1

29
3

71
59

4
1
7
2

8.6

5495
0

F-6

6
0

22
90
55

650
362
590
145

6
10
43

3
0
0

21.5

650
0

Note: TNTC = Too Numerous to count. These
results are excluded from the calculation
of summary statistics.



FECAL COLIFORM/FECAL STREPTOCOCCI IN THE FORGE PCND SYSTEM CHLOROPHYLL A (UG/L)
IN THE FORGE POND SYSTEM

M

STATION
DATE

05-02-85
05-20-85
36-05-85
06-17-85
07-01-85
07-15-85
08-01-85
08-12-85
08-26-85
09-09-85
09-30-85
12-03-85
01-08-86
02-10-86
03-10-86
04-07-86

MEAN
MAXIMIM
MINIMUM

F-l

.2

0.0
.8

0.0
0.0
0.0
0.0

.1
0.0
0.0

.2
0.0

1.5

.2
1.5
0.0

F-2

o.e

0.0
.2
.0
.1

0.0
.0

1.2
0.0

.0

.2

.8

.2
1.2
O.D

F-3

.2

.0

.4

.0
0.0
0.0

.0

.2
0.0
0.0
0.0

.1
0.0
0.0

.1

.4
0.0

F-4

.6

.0

.0

.0
.0
.1
.0

0.0
0.0
.3

1.0
0.0

0.0
0.0

.1
1.0
0.0

F-5S

0.0

0.0
.0

0.0
0.0
0.0
1.8
.6

1.2
0.0
0.0
1.0

.4
1.8
0.0

F-6

0.0

.4

.3

.3

.1

.0

.0

.2

.5
1.0
.1

0.0

.3
1.0
0.0

STATION
DATE

05-02-85
05-20-85
06-0 5-85
06-17-85
07-01-85
07-15-85
08-01-85
08-12-85
08-26-85
09-09-85
09-30-85
12-03-85
01-08-86
02-10-86
03-10-86
04-07-86

MEAN
MAXIMUM
MINIMLM

F-5S

9.50
2.70

14.25
10.00

4.60
9.60

15.14
27.00
18.00
31.00
13.00

6.10
31.00
19.00
33.00
27.00

16.9
33.00

2.70

SECCHI DISK TRANSPARENCY (METERS)
IN THE FORGE POND SYSTEM

STATION F-5S
DATE

05-02-85
05-20-85
06-05-85
06-17-85
07-01-85
07-15-85
08-01-85
08-12-85
08-26-85
09-09-85
09-30-85
I2-03-B5
01-08-86
02-10-86
03-10-86
04-07-86

MEAN
rwxiMUM
MINIMIM

1.8
2.9
2.0
1.5
2.0
2.6
2.0
2.2
1.5
1.3
1.7
2,J
1.8
1.2
1.1
1.7

1.8
2.9
1.1



PHYTOPLANKTON DENSITY (CELLS/ML) IN THE FORGE POND SYSTEM

030285

BAC1LLARIOPHYTA

052085 060385 061763 070183 071585 080163 OB1295

Att«rion»11a
FragMaria
Melo«lra
Navicuta
Nitz*ch!a
Sxnvdra
Tab* 11 art a

CHLOROPHYTA

AnKittrodt «nu«
Botrxococcu*
Chlamydomonafl
Oocyitit
Sphatrocyttis

CHRYSOPHYTA

Dinobryon

CRYPT OPHYTA

Crxptononat

CYANQPHYTA

Aiubatna
Aphtniiontnon
Chroococcus
Covlotphatrium
Microcy*ti»
Oscil latoria
Othtr btutgrvtn alga*

EUGLENOPHYTA

Euglvna
Trachtlononat

PYRRHOPHYTA

Ctrttiun
P«r idiniun

TOTAL

BAC1LLAR10PKYTA

CHLOROPHYTA

CHRYSOPHYTA

CRYPTOPHYTA

CYANOPHYTA

EUGLENDPHYTA

PYRRHOPHYTA

646
64
61
I
3

1447

44

4
33
12

73

32
24

332

3

3

2828

2288

30

73

409

3

3

337
42
2!

3

64
133

3

21

219

202

63
387

42
2)8
234

2036

623

24

218

202

968

0

0

33
12
32

9
12

18

34
43
24

260

263

583
1232

36
333
184

1

1

3364

120

123

260

263

2574

1

1

IB
21

4
3

6

30

24

92

1700
2063

36
360

9
6

1
3

4382

47

36

24

92

4161

15

4

30

«i
2
2

2

10

3

110

1016
2164

36
243
211
473

3

1
3

4324

36

13

3

110

4130

3

5

39

19

6
1 113
52

49

2440
1138

26
198
394

1
11

4413

59

72

49

4398

13

IB
1

6

34

49

2587
4496

IB
924
213
123
61

A

8354

20

43

49

8426

13

12
24
IB

1

Ao

3

4

20

43

7376
1139

24
1646
2464
739
164

1
3

1
4

14124

66

7

20

43

13977

4

4

225



PHYTOPLANKTON DENSITY (CELLS/ML) IN THE FORGE POND SYSTEM

082*83 090985 093089 120383 010884 021084 031084 040784

A*Urlwi«1U
FrtglltrU
Hvlotlrt
KtvfcvU
NltzKbU
Smtdrt
TtbvlltrU

CHLOROPHYTA

AAKiftrodfVMt
•otrrococcu*
ChlMXdWHM**
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PHYTOPLANKTON DENSITY (UG/L) IN THE FORGE POND SYSTEM
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PHYTOPLANKTON DENSITY (UG/L) IN THE FORGE POND SYSTEM
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FORGE POND ZOOPLANKTON

Date

Taxon 5/20/85 7/15/85 8/13/85 1/8/86

#/l ug/1 #/l ug/1 #/l ug/1 #/l ug/1

Rotifera
Asplanchna 2 .7 13.4 0.2 0.4
Kellicottia 5.3 0.9 0.3 0.01
Keratella 0.2 0 .04
Synchaeta 9.0 0.4
Trichocerca 0.7 0.3

Copepoda
Cyclops 1.0 2.4 0 . 2 0 . 5 0.4 1.0
Mesocyclops 2.3 19.4 0.7 5.3 1.4 11.8
Diaptomus 4.7 17.3 4.8 16.2 5.0 18.3 0.6 2.1
Nauplii 0.4 1.0 0.9 3.7 0.2 0.8

Cladocera
Bosmina
Ceriodaphnia
Chydorus
Daphnia ambigua
Sida

Rotifera
Copepoda
Cladocera

7.0
0.7
0.7
7.7

17.0
8.0
16.1

20
4
2
44

14
39
72

.9

.6
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.6

.6
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7
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62.4

3.5
1.2
1.9
2.4
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9.0
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13

0
33
35

.2
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.9
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.3

.8

.0

0.03
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0.7

0.0
1.2
0.8

0.03
0.03

4.0

0.0
3.9
4.1

Total 41.1 125.8 17.1 93.8 17,0 69.1 2,0 8.0
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CALCULATION SHEETS
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Calculation of Hypolimnetic Oxygen Depletion Rates

Decreasing D.O. noted in early May, progresses to near 0 mg/1
D.O. below 6m by 7/1/85, 5m by 8/1/85.

Turnover in late September, decreasing D.O. noted again in
December, progresses to <1 mg/1 below 6m and <4 mg/1 below 2m
by 3/10/86.

Conditions improved, but lake not totally aerated by 4/7/86.

Net oxygen depletion rates:

May-June: Measured D.O. at start = 7 mg/1
Saturation D.O. > 12 mg/1
D.O. at end = 0 mg/1
Volume affected = 220000 cu.m (9%)

Depending on initial D.O. value used, loss = 1540-2635
kg over 61 days, or 25.2 - 43.2kg/day, or 0.11-0;20'
mg/l/day.

May-July: Measured D.O. at start = 7 mg/1
Saturation D.O. > 12 mg/1
D.O at end = 0 mg/1
Volume affected = 293000 cu.m (12%)

Depending on initial D.O. value used, loss = 2050-3514
kg over 92 days, or 22.3-38.2 kg/day, or 0.08-0.13
mg/l/day.

December-March: Measured D.O. at start > 10 mg/1
Saturation D.O. > 14 mg/1
D.O. at end < 1 mg/1 below 6m

< 2 mg/1 below 5m
< 3 mg/1 below 4m
< 4 mg/1 below 2m

Volume affected = 220000 cu.m (9%) below 6m
73000 cu.m (3%) 5-6m
261000 cu.m (10.7%) 4-5m
767000 cu.m (31.4%) 2-4m

Depending on initial D.O value used,, loss = 8993-14277
kg over 121 days, or 74.3-118 kg/day, or 0.06-0.09
mg/l/day.
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Factors affecting oxygen depletion include:

1. aeration/mixing by wind
2. tributary inputs & B.O.D.
3. ground water inputs & B.O.D.
4. respiration by living organisms in the water

column
5. respiration by living organisms on the lake

bottom

There is probably some wind & tributary related D.O. inputs
during summer, but the strongly stratified nature of the
lake and low D.O. in tributaries suggests minimal D.O.
input by these sources. Ground water inputs are slight
and likely to contain low D.O. Aside from bacteria in
the anoxic zone, living organisms in that volume of
water are scarce. Most bacteria are associated with
particles, and will be most abundant at the sediment-
water interface. Therefore, most D.O, depletion can be
attributed to benthic (sediment) oxygen demand,
particularly associated with decaying organic matter.
Thermally regulated rates of decay should be highest in
summer and lowest in winter, based on a doubling of
reaction rates per every 10 degree rise in temperature.
Observed loss rates are consistent with the anticipated
trend.

Areal depletion rate:

1. Have 25.2-43.2 kg/day lost over 87000 sq.m during May-
June, or 0.03-0.05 mg/sq.cm/day.

2. Have 22.3-38.2 kg/day lost over 145000 sq.m during May-
July, or 0.02-0.03 mg/sq.cm/day.

3. Have 74.3-118 kg/day lost over 507000 sq.m during
December-March, or 0.01-0.02 mg/sq.cm/day.

These values are moderate in comparison with values for other
lakes experiencing hypolimnetic anoxia.
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Calculation of internal Phosphorus Load from Bottom Sediments

From D.O. profiles, anoxia persists below 5-7 m of depth between
June and September (122 d) , and below 6-8 m of depth during
February and March (59 d)

From hypsographic chart, the areas of Forge Pond affected are

June-September: 58,000-145,000 sq. m (assume 102,000 sq. m)
February-March: 29,000-87,000 sq. m (assume 58,000 sq. m)

Release rate for p = 6.0-28.0 mg/sq. m/d (Nurnberg, 1984),
mean of 14.0 mg/sq. m/d

Therefore,

• June-September Load = 42.5-495 kg (assume 174 kg)
February-March Load = 10.3-144 kg (assume 48 kg)

Total Annual Load = 53-639 kg (assume 222 kg)
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Empirical Determination of Phosphorus Release from Anoxic
Sediments

Assume no diffusion, mixing, or uptake
Two stable periods likely to meet above assumptions or come

close: 7/15/85-8/12/85 & 2/10/86-3/10/86.

1st period: Total P increased from 30 to 190 ug/1 below a depth
of 5m. This equates to 20% of lake area, 12% of volume.
Therefore, have increase of 160 mg/cu.m in 292800 cu.m
= 46,8 kg over 144800 sq.m over 29 days
= 11.1 mg/sq.m/day

2nd period: Total P increased from 10 to 300 ug/1 below a depth
of 8m. This equates to 4% of lake area, 1.5% of volume.
Therefore, have increase of 290 mg/cu.m in 36600 cu.m
= 10.6 kg over f28960 sq.m over 29 days
= 12.6 mg/sq.m/day

Assuming some diffusion and uptake at the metalimnetic interface,
along with some precipitation and saturation effects, the
Nurnberg (1984) mean value of 14 mg/sq.m/day seems very
appropriate.

At a mean release rate of 14 mg/sq.m/day during anoxia, the total
phosphorus load from such release would be 222 kg/yr.
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Hypolimnetic D.O. Replacement Needs

1. For aeration: will need D.O. input of at least 1.5 x
depletion rate. Using max. depletion rate of 0.2
mg/l/day, or 43.2 kg/day, can size appropriate aeration
unit. Plan for 100 kg/day D.O. input (small unit).

2. For withdrawal: will need removal of water at a rate
comparable to the volumetric D.O. depletion rate.

With a target D.O level of no less than 6 mg/1, depletion
of"0.2 mg/1/ day could decrease D.O. values from the
typical surface level of 7-9 mg/1 in 5-15 days.

With a target D.O. level of no less than 4 mg/1,
replacement would have to occur every 15-25 days.

The lower limit of the depletion rate (0.06 mg/l/day)
would cause contravention of a 6 mg/1 standard after 16-50
days, and would result in D.O. values lower than 4 mg/1 in
50-83 days.

Maintaining D.O. at 6 mg/1 throughout the lake during
summer would require the hypolimnetic withdrawal of 220000
- 293000 cu.m of water over 5 to 50 days, or 3.1-40.7
cu.m/min, depending on depletion rate. Since depletion
rate will be highest at higher temperatures and D.O.
levels, a target withdrawal of 30-40 cu.m/min is
appropriate.

Maintaining a 4 mg/1 D.O. throughout the lake during
summer calls for hypolimnetic withdrawal of 220000 -293000
over 15-83 days, or 1.8-13.6 cu.m/min; removal of 10-14
cu.m/min is recommended.

Maintaining a 6 mg/1 D.O. during winter requires removal
of up to 1,3 million cu.m over 5-50 days, or 18.1-181
cu.m/min. A flow near the lower end of the range should
suffice, considering the effect of temperature on
depletion rate and the potential need to replace much less
than 1.3 million cu.m of water; removal of 20-40 cu.m/min
is advisable.

Maintaining a 4 mg/1 D.O. during winter requires
withdrawal of 10.9 - 60.2 cu.m/min; removal of 15-20
cu.m/min would probably be sufficient.

Could remove water completely (pass downstream) or aerate
and recycle.
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SAMPLE SURVEY QUESTIONAIRE
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BAYSTATE ENVIRONMENTAL CONSULTANTS, INC.
2% \ORTH MMN STREET • LAST LON(i MI" A DOW. M ASSACH I'Sh l"l S ()IO:« • I L l . H I ' H O N r (411) 5:5-.:

Dear Watershed Resident:

Baystate Environmental Consultants, Inc. of East Longmeadow,
MA was selected by a committee from Westford and Littleton to
perform a study on Forge Pond to determine the causes of
perceived water related problems and recommend measures to
improve the situation. This study began in May of 1985 and will
continue through next May (1986). We recently held a public
meeting at the Westford Town Hall to discuss our findings to date
and solicit comments from watershed residents. We are now moving
into the next phase of the study with renewed vigor, and
hopefully with your support.

As a part of the study we are attempting to assess the needs
of residents and their impact on Forge Pond. The attached
questionaire will greatly aid us in this effort, and we would
appreciate your cooperation in filling it out and returning it.
We would not ask you to expend your valuable time on paperwork
unless it was necessary; the requested information really is
vital. Please fill out and return your questionaire to the
person who delivered it or directly to BEC, Inc. at the return
address by September 15, 1985. All responses will be kept
confidential and will become part of a statistical data base for
evaluation. Specific information will not be used for or against
individual respondents.

The goal of the entire study is to make Forge Pond a better
facility for you. We can do little without your support and
guidance. This questionaire represents an important way in which
you can help us to help you. We look forward to hearing from
you.

Very truly yours,

Kenneth J. Wagner, Ph.D
principal Biologist

241



QUESTIONNAIRE FOR WATERSHED RESIDENTS
FORGE POND

Name Phone

Street Address (Not Mailing )_

Nearest Lake or Waterway

1. Number of people in household?

2. Number of months in full time residency?

3. If a full time resident, is your home a converted summer cottage?

4. Distance of property from lake?

5. Do you make use of Forge Pond?

At Least Daily? At Least Weekly? Monthly or Less?

6. Preferred activities on Forge Pond?

1.
2.
3.

7. Where do you get your drinking water?

8. Where do you get your washing water?

9. Do you have an in-ground waste disposal system?
(If not, where are wastes disposed?)

10. If you have a well and/or in-ground waste disposal system:

a. What kind of disposal system do you have (i.e. cesspool, tank
and leachfield, pipe to lake, etc.)?

b. Approximate age of disposal system?

c. Distance of disposal system from lake?

d. What kind of well do you have?

e. Approximate depth of well?

f.. Distance of well from lake?
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g. Distance between well and disposal system?

h. Is well upslopei downslope, or alongside of
disposal system?

i. When was well water last tested?

j. When was disposal system last inspected/maintained?

k. Any known problems (quantity or quality) with
well or disposal system?

11. Do you use a washing machine on the premises?

12. Do you use a garbage disposal on the premises?

13. What kind of detergent do you use?
a. For clothes?

b. For dishes?

14. Do you fertilize your lawn?

15. Do you have any questions or comments? Please feel free to use
space on this page or an additional sheet to respond.
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